
 
374 Poli Street, Suite 200 • Ventura, California 93001 

 

                                        
 

DRAINAGE PLAN UPDATE 
(REVISION 5) 

 
FOR 
 

 
Golden Queen Mining Company, LLC 

Soledad Mountain Mine 
2818 Silver Queen Road 

Mojave, Kern County, California 
 
 

October 2019 
 
 
 

Prepared for:  Golden Queen Mining Company, LLC 
P.O. Box 1030 
Mojave, CA 93502‐1030 

 

Prepared by: 

   

  Pearce Swerdfeger, PE, IGP‐ToR, QISP 
Civil 87466 (California) 
Sespe Consulting, Inc. 
374 Poli Street, Suite 200 
Ventura, California 93001 
(805) 275‐1515 

 



 

 
GO01‐SoledadMtn‐RevisedDrainagePlan‐fnl.docx  i  www.sespeconsulting.com 

DRAINAGE PLAN UPDATE 
 

Golden Queen Mining Company, LLC 
Soledad Mountain Mine 
Kern County, California 

 
October 2019 

 
TABLE OF CONTENTS 

1.0  INTRODUCTION ....................................................................................................................... 1 

1.1  Background and Purpose .................................................................................................... 1 
1.2  Summary of the Drainage Plan Update .............................................................................. 2 

2.0  PROJECT DESCRIPTION ............................................................................................................. 2 

3.0  SITE CONDITIONS ..................................................................................................................... 3 

3.1  Rainfall ................................................................................................................................ 3 
3.2  Existing 100‐Year Floodplain ............................................................................................... 3 
3.3  Soil Types and Runoff Curve Numbers ............................................................................... 4 

4.0  PRE‐MINING, END OF EXCAVATION, AND POST‐MINING HYDROLOGY ..................................... 4 

4.1  Criteria for Rational Method Hydrology ............................................................................. 5 
4.2  Peak Flow Estimates ........................................................................................................... 5 

5.0  SITE‐WIDE STORM WATER CONTROLS ..................................................................................... 6 

5.1  Runoff and Erosion Controls ............................................................................................... 6 
5.2  Sediment Pond Design ........................................................................................................ 7 
5.3  Processing and Support Facilities ....................................................................................... 9 
5.4  Heap Leach Facility(ies) ....................................................................................................... 9 
5.5  Waste Rock Management ................................................................................................... 9 
5.6  Reclaimed Condition ........................................................................................................... 9 

6.0  Summary of Impacts .............................................................................................................. 10 

6.1  Potential Impacts to Surrounding Water Bodies .............................................................. 10 

7.0  REFERENCES .......................................................................................................................... 11 

 
 

TABLES 

Table 1: Soil Types and Runoff Curve Numbers ............................................................................................ 4 
Table 2: Peak Flow Summary ........................................................................................................................ 6 
Table 3: Sediment Pond Summary ............................................................................................................... 8 
 



Golden Queen Mining Company, LLC   Drainage Plan Update 
Soledad Mountain Mine  October 2019 

 
GO01‐SoledadMtn‐RevisedDrainagePlan‐fnl.docx  ii  www.sespeconsulting.com 

 
 

FIGURES 

Figure 1    Pre‐Mining Drainage Plan 
Figure 2    Existing Conditions (2019) Drainage Plan 
Figure 3    End of Mine Life Drainage Plan 
Figure 4    Final Reclamation Drainage Plan 
 
 
 

APPENDICIES 

Appendix 1  Soledad Mountain Mine Hydrology Calculations 
Appendix 2  FEMA Flood Insurance Rate Map 
Appendix 3  Soledad Mountain Site Drainage Plan, Revision 4 (Golder, 2012) 

 
 
 



 
374 Poli Street, Suite 200 • Ventura, California 93001 

 

 
GO01‐SoledadMtn‐RevisedDrainagePlan‐fnl.docx  1  www.sespeconsulting.com 

 

DRAINAGE PLAN UPDATE 
 

Golden Queen Mining Company, LLC 
Soledad Mountain Mine 
Kern County, California 
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1.0 INTRODUCTION 

Golden Queen Mining Company, LLC (GQM) operates an open pit gold and silver mine, referred to as the 
Soledad Mountain Project (Project), in Kern County, California. The Project site is located approximately 
five (5) miles south of Mojave, California, and two (2) miles west of State Highway 14. Access to the 
Project site is from Silver Queen Road, which borders the northern portion of the property. 
 
GQM  is  proposing  a modification of  their  existing  reclamation plan  for mining operations  on  Soledad 
Mountain.  This  modification  is  proposed  to  address  the  need  for  mining  activities  and  facilities  that 
support  GQM’s  existing  operations.  The  proposed  activities  and  facilities  are  extensions  of  mining 
activities that are currently permitted by the Bureau of Land Management (BLM) and Kern County. 
 
This report  (Site Drainage Plan, Revision 5) presents the results of updated surface water calculations, 
modeled after the hydrologic calculations that were previously prepared for the Project. 
 
1.1 Background and Purpose 

In 2007, Golder Associates (Golder) prepared an initial drainage report for the project. Since 2007, GQM 
has  revised  the  overall  mine  development  plan  and  facilities  layouts  to  incorporate  a  three‐stage 
construction of the Heap Leach Facility (HLF) and to address open pit backfilling requirements mandated 
by the Surface Mining and Reclamation Act (SMARA). Revision 1 to the Site Drainage Plan was submitted 
in  January  2007  and  included  the  design  of  a  drainage  channel  between  Silver  Queen  Road  and  the 
northern limits of the Phase 1 heap leach pad and site facilities. Revision 2 of the Site Drainage Plan was 
submitted  in February 2011 and  incorporated a Conditional Letter of Map Revision  (CLOMR)  that was 
submitted  to Kern County Engineering,  Surveying, and Permit  Services Department  for approval. Kern 
County could not form a Floodplain Maintenance District in reasonable time; therefore, GQM decided to 
relocate certain facilities to avoid any intrusion into the 100‐year floodplain. This necessitated Revision 3 
of the Site Drainage Plan. 
 
Revision  4  of  the  Site  Drainage  Plan,  prepared  in March  2012,  analyzed  three  phases  of  the  Soledad 
Mountain Project open pit mining and heap leach facility operation: Pre‐Mining, Phase 1 / Stage 1, and 
Post Mining. In addition, the 2012 Drainage Report analyzed a mining scenario in which no material was 
sold as aggregate and material that remained on site post‐reclamation was reclaimed in accordance with 
California  Code  of  Regulations  Title  14,  Section  3704.1  (14  CCR  3704.1),  referred  to  as  the  “What‐If” 
Scenario. 
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This  report,  Revision 5 of  the Site Drainage Plan,  is necessitated by  the proposed modification of  the 
existing Reclamation Plan, which does not take into account the 14 CCR 3704.1 backfill requirements for 
the Project. 
 
1.2 Summary of the Drainage Plan Update 

The modification of  the surge piles,  revised pit backfilling, and aggregate sales planned as part of  the 
revised mine plan being considered by GQM have necessitated an update of the Site Drainage Plan. This 
report, Revision 5 of the Site Drainage Plan, has been developed to meet the following design objectives: 

1. Set site drainage criteria as follows: 
A. Zero discharge of runoff from mine process areas (heap leach facilities [HLF] and Merrill‐

Crowe Plant) resulting from precipitation events up to the 100‐year design storm event. 
B. Control  of  runoff  from  disturbed,  active,  non‐reclaimed,  and  reclaimed  mining  areas 

through sediment ponds designed for containment of runoff from the 10‐year, 24‐hour 
storm event and safe passage of flows through the facilities of the 100‐year peak runoff. 

C. Diversion  of  runoff  from  undisturbed  areas  into  adjacent  drainages  using  diversion 
ditches  and  Best  Management  Practices  (BMP)  to  control  erosion  and  scouring  of 
receiving drainages. 

2. Segregation of runoff from disturbed areas such as access roads, parking areas, and undisturbed 
areas to the extent practical. 

3. Temporary diversion ditches and channels, as well as erosion BMPs, will be designed for the 20‐
year peak runoff. 

4. Routing of runoff either into the open pits or to sediment ponds on site such that, to the extent 
feasible,  runoff  from the Project area  is diverted  from areas outside  the  limits of disturbance. 
Note that, in few instances on the southern portion of the Project, it is not feasible to capture or 
divert runoff from the site due to property boundaries and topographic limitations. 

 
2.0 PROJECT DESCRIPTION 

Conventional, open pit mining methods employed at the site include crushing and screening ore, adding 
cement, conveying the crushed ore to the heap leach pads, and applying a sodium cyanide (NaCN) solution 
that will  percolate  through  the  ore  on  the  heap  to  leach  precious metals.  All  NaCN  solutions will  be 
contained on site. From the heap leach pad, solution flows to the Merrill‐Crowe plant where gold and 
silver are extracted from the pregnant solution.  
 
In addition to precious metal recovery, waste rock and aggregate (referred to as surge piles) is stockpiled 
for the production and sale as construction materials and aggregate, and backfilled in mined out phases 
of the open pit. 
 
Construction activities related to preparation of the mining and processing structures were initiated at 
the  site  in  July  2013  and  completed  in  early  2016.  Once  construction  activities  concluded,  industrial 
activities commenced. Currently,  the Project  is operating at  full  capacity and  includes access and haul 
roads, a workshop‐warehouse, crushing‐screening plant, Merrill‐Crowe plant and assay laboratory, heap 
leach pad (Phase 1) and associated solution management facilities (referred to as the HLF), mining pits, 
aggregate processing operations, waste rock surge piles, and associated solution management facilities.  
 
Figure 2 presents the existing drainage basin delineation based on the current topography. Figure 2 also 
identifies the required surface water and erosion control measures that must be implemented as a result 
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of this study. Figure 3 presents the anticipated drainage basin delineation and the surface water, erosion, 
and control plan at the end of mining operations. Figure 4 presents the proposed post‐mining (reclaimed) 
configuration  after  the  completion  of  reclamation  activities.  This  configuration  assumes  that  all 
revegetation requirements in the reclamation plan have been satisfied. The access roads and sediment 
ponds as shown  in Figure 4 would remain to provide surface water and erosion controls  for  the post‐
mining condition. 
 
3.0 SITE CONDITIONS 

The Project is located in the historical Mojave Mining District. Historically, Soledad Mountain rose to an 
elevation of 4,150 feet above mean sea level (amsl). The topography varies from steep (upwards of 70% 
slopes), rugged hillsides in the middle to upper elevations to a gently sloping desert floor around the toe 
of Soledad Mountain. According to previous drainage reports, mining has occurred onsite since 1894.  
 
Soledad Mountain is  located in an extremely arid area of California. Evaporative losses of surface flow 
under  these dry  conditions  are  typically  so  significant  that  stream  flow  in  this  region  rarely occurs  at 
elevations  less  than  3,500  feet  amsl.  Precipitation  that  reaches  the  desert  floor  is  usually  subjected 
immediately  to  high  losses  from  evaporation  and  transpiration.  Nevertheless,  runoff  occasionally 
originates on or crosses the desert floor and sometimes reaches the dry lake beds or playas following high 
intensity rainfall events. Nearly all of the water that reaches the playas is eventually lost to evaporation 
as these features are not sources of aquifer recharge (Arcadis, 2015). 
 
There are no springs, seeps, or intermittent streams in the Project area. The closest intermittent stream 
is located approximately three (3) miles to the west (Golder, 2012). 
 
3.1 Rainfall 

The  Project  is  located  in  an  arid  region  typical  of  the  western  Mojave  Desert.  Typical  patterns  of 
precipitation are winter rains and summer thunderstorms, which tend to be of short duration and high 
intensity. The area receives an average annual precipitation of approximately 6.3 inches. The maximum 
100‐year,  24‐hour  storm  precipitation  is  4.39  inches.  The  area  has  an  evaporation  loss  potential  of 
approximately 80 inches per year. 
 
Runoff on the northern and western sides of Soledad Mountain is via a series of gullies or channels, which 
direct surface flows to the northwest, north, and northeast and eventually to the east to the Gloster and 
Chaffe Hydrologic Areas of the Antelope Hydrologic Unit. Ephemeral drainages direct flow off Soledad 
Mountain in all directions (Golder, 2012). Runoff on the southern side of Soledad Mountain will flow via 
natural,  typically  shallow  channels which  direct  surface  flows  to  the  south  and  east  to  the  Lancaster 
Hydrologic Area of the Antelope Hydrologic Unit. 
 
3.2 Existing 100‐Year Floodplain 

The  floodplain  is described herein only  to ensure  that  its existence  is  recognized. None of  the Project 
facilities (existing or proposed) encroach into the 100‐year floodplain as currently mapped on FEMA FIRM 
Panel 06029C3675E (revised October 26, 2008) and as presented in Appendix 2. 
 
Hydrologic  calculations  for  the  contributing  onsite  and  offsite  basins  were  analyzed  in  the  Soledad 
Mountain Hydrology Study prepared by Rivertech, Inc. (Rivertech, 2009). The proposed changes to the 
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project  analyzed  in  this  report  are  not  expected  to  substantially  alter  the  findings  presented  in  the 
Rivertech report.  
 
3.3 Soil Types and Runoff Curve Numbers 

Pre‐mining soil types for the site were taken from a custom soil resource report for the Project site and 
surrounding  areas  based  on  the  United  States  Department  of  Agriculture  (USDA)  National  Resources 
Conservation Service (NRCS) web soil survey (NRCS, 2006) and TR‐55 tables (NRCS, 1986). Table 1 presents 
the  hydrologic  soil  groups  (HSG)  for  the  Project  site  and  surrounding  areas  and  their  respective  Soil 
Conservation Service (SCS) curve numbers (CN). Ground cover is minimal with desert grasses and shrubs. 

Table 1: Soil Types and Runoff Curve Numbers 

Area Description  Soil Type  Description for CN  CN

Undisturbed Desert 
Shrub 

Arizo gravelly loamy sand (2 to 9% slopes) 
Cajon loamy sand (0 to 5% slopes) 
Cajon gravelly loamy sand (0 to 9% slopes) 

Desert Shrub, poor 
condition, HSG A 

63 

Garlock loamy sand (2 to 9% slopes) 
Porterville cobbly clay (5 to 9% slopes) 
Rosamond clay loam (saline‐alkali) 

Desert Shrub, poor 
condition, HSG C 

85 

Torriorthents‐Rock outcrop complex (very steep)
Dumps, mine 

Desert Shrub, poor 
condition, HSG D 

88 

Mined Benches, Pits, 
and Haul Roads 

Mined or compacted areas  Gravel, HSG B  85 

Waste Rock 
Overburden, Tops 

Waste rock 
Porous Rock 
Material, HSG A 

77 

Waste Rock 
Overburden, Outslopes 

Waste rock 
Porous Rock 
Material, HSG A 

70 

Reclaimed Areas  Revegetated mined areas  Gravel, HSG A  65 

 
4.0 PRE‐MINING, END OF EXCAVATION, AND POST‐MINING HYDROLOGY 

The Site Drainage Plans have been developed as a guide for management of site drainage, sediment, and 
erosion controls during operations and for the post‐mining conditions. The pre‐mining site conditions are 
based on historic  topography provided by GQM. The Existing  (2019),  End of Mining,  and Post‐Mining 
(Reclamation) site conditions are based on the site facilities and anticipated conditions developed by GQM 
for the heap leach pads, mining areas, waste rock surge piles, and access roads. 
 
The contributing watersheds for the diversion ditches in the plant area and heap leach pad areas will be 
changing frequently over the life of the mine. This is due to the phased development of the heap leach 
pads and open pits. The Site Drainage Plans have been developed based upon an analysis of a number of 
watershed subbasins during the pre‐mining, existing conditions, end of mining, and post‐mining periods. 
To  account  for  the  changing  watershed  configuration  on  site  during  operations,  design  criteria  are 
provided  to  evaluate  intermediate  runoff  control  and  diversion  requirements  on  an  ongoing  basis  as 
conditions change throughout the life of mine. The sediment ponds have been sized based on the larger 
of four possible pond sizes required by either: existing conditions (Figure 2), end of mining (Figure 3), post‐
mining configuration (Figure 4), or as previously prescribed in the Golder Drainage Plans.  
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The pre‐mining site model was divided into ten (10) drainage basins as shown in Figure 1. The existing site 
configuration was divided into eleven (11) drainage basins as shown on Figure 2. The end of mine / final 
reclamation site configuration was divided into ten (10) drainage basins as shown on Figures 3 and 4. The 
facilities and mining layouts developed by GQM were used to delineate the basins expected to contribute 
runoff from the Project area. Peak runoff resulting from the 20‐year and 100‐year storm events are shown 
for each of the drainage basins. 
 
The existing,  end of mining,  and post‐mining basins were delineated assuming diversion  channels  are 
constructed around the Phase 1 heap leach pad as planned. Additional diversion ditches are required on 
the  east,  southwest,  and western  side  of  the  property  to  direct  runoff  flows  from mining  areas  (i.e., 
backfilled pits and the rock storage and aggregate processing area) to sediment ponds around the Project 
site. Diversion ditches in the post‐mining configuration are required on the north, east, and western side 
of the property to direct flows from the reclaimed areas to sediment ponds. 
 
Runoff CN values were assigned to each basin based on a soil survey of the site (NRCS, 2006) and TR‐55 
tables  (NRCS,  1986).  NOAA  Atlas  14  Precipitation‐Frequency  estimates  were  used  to  determine  the 
precipitation for the 100‐year, 1‐hour point rainfall and the 20‐year, 1‐hour point rainfall which were used 
to determine the Intensity‐Duration Curves used in the Rational Method (see Reference B in Appendix 1). 
For each basin, the longest flow path was identified and the time of concentration (Tc) was calculated (see 
Table B in Appendix 1). The times of concentration, basin areas, and composite CN values were used with 
the Kern County Rational Method to determine the pre‐ and post‐mining peak runoff. 
 
4.1 Criteria for Rational Method Hydrology 

The pre‐mining, existing, end of mining, and post‐mining (reclamation) runoff rates were calculated using 
the  Kern  County  Rational Method  procedure;  calculations  are  included  in  Appendix  1.  The  following 
criteria were selected for the Kern County Rational Method for the site: 

‐ Precipitation for the storm events was obtained from NOAA Atlas 14 (NOAA, 2006); 
‐ 100‐year, 1‐hour point rainfall of 0.958 inches along with a slope of 0.55 on a log‐log graph was 

used to determine Intensity‐Duration Curve used in the Rational Method for 100‐year peak runoff; 
‐ 20‐year, 1‐hour point rainfall of 0.672 inches along with a slope of 0.55 on a log‐log graph was 

used  to  determine  Intensity‐Duration  Curve  used  in  the  Rational Method  for  erosion  control 
facilities; 

‐ 10‐year, 24‐hour point rainfall of 2.64 inches was used for sediment pond volume calculations 
based on basin yield per Kern County procedure; 

‐ Runoff CN values were selected based on Table 1 descriptions and soil types; 
‐ Sheet flow occurs for a maximum of 100 feet; 
‐ The time of concentration (Tc) calculations are separated by lengths of similar slope and assumed 

channel geometries; and 
‐ The assumed roughness coefficients for Tc calculations are detailed in Appendix 1. 

 
4.2 Peak Flow Estimates 

Basins were delineated based on existing and anticipated topographic conditions, and runoff CN values 
were  assigned  to  the  various  land  uses  and  vegetative  covers  as  presented  in  Appendix  1.  Times  of 
concentration were calculated using TR‐55 methodology. Peak flows for all basins were estimated using 
the  Kern  County  Rational Method  using  the  basin  areas,  CN  values,  and  times  of  concentration;  the 
resulting values are shown on Table 2 below and in Appendix 1. 
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Table 2: Peak Flow Summary 

Basin 
ID 

Pre‐
Mining 

Basin Area 
(acres) 

Composite 
CN 

Pre‐Mining 
Peak 

Runoff Q20 
(cfs) 

Pre‐Mining 
Peak 
Runoff 
Q100 (cfs) 

Final 
Reclamation 
Basin Area 
(acres) 

Composite 
CN 

Final 
Reclamation 
Peak Runoff 
Q20 (cfs) 

Final 
Reclamation 
Peak Runoff 
Q100 (cfs) 

W1  237.4  78  238.0  390.9  128.1  66  70.0  135.7 

NW1A  48.0  77  67.3  106.4  179.1  81  239.5  365.9 

NW2  202.1  76  196.1  326.9  110.9  75  100.2  168.0 

N1  221.3  73  207.6  350.8  183.8  66  107.9  204.9 

N2  62.8  79  63.6  103.2  129.0  69  142.2  233.4 

E1  286.4  85  347.1  542.8  186.0  73  209.1  335.4 

E2  319.4  81  343.3  553.2  165.8  76  276.2  428.6 

SW1  421.6  81  275.6  473.2  340.3  75  380.0  623.0 

S1  195.9  82  271.2  420.0  215.6  80  293.5  461.9 

SE1  156.1  84  222.9  344.2  150.0  82  210.2  326.8 
A Note that in the final site configuration, Basin NW1 is a pit that will collect storm water and does not discharge. 

 
5.0 SITE‐WIDE STORM WATER CONTROLS 

This section presents a discussion of the design of storm water runoff and erosion controls across the site. 
The  various  planned  diversion  and  retention  structures  required  to  meet  the  design  objectives  are 
described in the following subsections.  
 
In general, the methodology employed in this report for surface water calculations have been modeled 
after the hydrologic calculations that were previously prepared for the Project. 
 
The conceptual channel and sediment pond designs included herein shall be verified prior to and during 
operations as the contributing watersheds change. The designs will be completed in general accordance 
with  the design  criteria  and  typical  details  provided  in  this  Site Drainage Plan.  Through experience  in 
development and implementation of BMPs, it is recommended that actual locations and details for BMP 
installations be determined at the time of construction rather than presented in detail in proposed design 
drawings. Therefore, only typical details and approximate locations are presented in the figures. 
 
5.1 Runoff and Erosion Controls 

The main storm water channels will be designed to safely pass the estimated 100‐year peak flow with 
erosion control BMPs designed for the 20‐year, 1‐hour intensity storm event per SMARA regulations. Peak 
flow for diversion channels (ditches) will be estimated using the 20‐year, 1‐hour intensity storm event and 
the rational method per  the Kern County Hydrology Manual; channel  flow depths and velocities were 
evaluated with the Manning's equation. A 6‐inch freeboard is required for all channels in accordance with 
Kern County Development Standards. 
 
California Title 27 regulations  require  that storm water channels around  the Class B and Class C mine 
waste facilities (i.e., the heap leach pad, overflow pond, and waste rock surge piles) be designed for the 
10‐year, 24‐hour peak flow. The general locations of the channels are shown in Figure 2 for the existing 
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configuration and Figures 3 and 4 for the end of mining and post‐mining (reclaimed) conditions. Typical 
sediment pond details and a typical channel section are shown on Figure 2.  
 
The natural drainage channel located between the Phase 1 heap leach pad and Silver Queen Road will 
remain unchanged to receive flows from the south and the west. Smaller and temporary drainage ditches 
and maintenance activities will be constructed as part of ongoing mine operations.  
 
Erosion control will primarily be provided by placing riprap in key areas. Large quantities of waste rock 
suitable  for  riprap are  available on  site.  Sediment will  be managed  through BMP alternatives  such as 
placing rock check dams in the collection channels at select locations. 
 
The top surfaces of the waste rock surge piles, outside the open pits, will be graded to promote runoff 
into the backfilled open pits where possible, discouraging runoff down the dump faces. Runoff directed 
into the backfilled open pits will seep into the surge piles; therefore, water accumulation is not expected. 
Furthermore, the majority of the precipitation falling directly on the surge piles will seep into the waste 
rock and/or will evaporate before runoff occurs (Golden Queen, 2007). 
 
5.2 Sediment Pond Design 

Sediment ponds design capacity is based on the 10‐year, 24‐hour design storm runoff volumes as shown 
on Figure 2, 3 and 4. Ponds are required in Basins NW2, N2, E1, E2, and SW1. The runoff volume to be 
detained in sediment ponds for Subbasin W1 will be diverted to Pond SW1, which will have capacity to 
detain the 10‐year, 24‐hour runoff  from both basins.  In the post‐mining scenario, the sediment ponds 
from the end of mining will remain in place and the existing HLF overflow pond will be reclaimed for use 
in storm water management. The pond locations and estimated required capacities are summarized in 
Table 3. 
 
Note that, as identified on Figure 2, a temporary sediment basin is required to be installed in Basin L1 
prior to the completion of construction of the Phase 1 Heap Leach Pad. Although the are no specific sizing 
requirements for the sediment basin (the 10‐year, 24‐hour storm is not expected to produce substantial 
runoff from Basin L1), the sediment basin is necessary to prevent sediment from being carried offsite. 
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Table 3: Sediment Pond Summary 

Pond 
Identifier 

Location 
Required 
Minimum 

Volume (ac‐ft) 

Site Condition Governing 
Design Criteria 

NW2  Adjacent to the northwest 
corner of the Phase 1 HLF, east 
of Silver Queen Road 

11.9  Phase 1 and Post‐Mining (from 
Drainage Report Revision 4 
[Golder 2012])A 

N2  Northeast corner of the site 
(currently existing) 

12.4  Phase 1 (from Drainage Report 
Revision 4 [Golder 2012])A 

E1  East side of the site, east of the 
maintenance warehouse and 
north of the East Surge Pile 

13.1  End of Mining 

E2  Easternmost side of the site, 
east of the East Surge Pile  

19.7  Existing Conditions 

SW1  Southwest corner of the 
property, east of Silver Queen 
Road, southwest of the West 
Surge Pile 

40.5  Existing Conditions (contains 
runoff from Basin W1 and 
SW1) 

HLFB  Northeast corner of site, near 
existing processing facilities 

85.3  Final Reclamation 

A In instances where the storm water ponds prescribed in the Drainage Report Revision 4 (Golder, 2012) had a 
greater capacity than the calculated minimum capacity in this report, the larger pond volume has been selected. 
As‐built capacities and conditions of the ponds prescribed in the Golder report have not been verified as a part 
of this study. The minimum required pond capacity calculated in this iteration of the Drainage Plan for Pond 
NW2 is 8.7 acre‐feet and for Pond N2 is 8.9 acre‐feet. 

B It is assumed that the existing HLF overflow pond (85.3 ac‐ft) will be reclaimed and remain in place post‐metallic 
mining and can be used to capture storm water runoff.

 
Generally,  runoff  from  disturbed  areas  will  be  diverted  directly  into  the  sediment  ponds.  As  mining 
operations progress, temporary sediment ponds may be required. Requirements and locations for such 
ponds will be determined as part of the ongoing mine design and operation. 
 
Final configuration of the sediment ponds may incorporate a combination of excavation and fill in order 
to meet the required capacity. Ponds will be constructed with an emergency spillway sized to pass the 
peak flow of the 100‐year storm in the event of a major storm occurring while ponds are full or the outlet 
pipe does not function as designed. The embankment design will have a configuration of 2H:1V upstream 
and downstream slopes with a 15‐foot wide access road along the crest. The embankments will also be 
engineered and designed to current applicable standards and sized to avoid classification as jurisdictional 
dams under the California Department of Water Resources Division of Safety of Dams’ statutes. 
 
Storm water flow from large storms or successive storms that exceed the required design capacity will be 
routed through the sediment ponds via an emergency spillway protected with riprap. Five (5) sediment 
ponds identified in Table 3 (NW2, N2, E1, E2, and SW1) will remain active through the life of the mine. 
Pond HLF refers to the existing HLF overflow pond (85.3 ac‐ft); it is assumed that the overflow pond will 
be reclaimed and remain in place post‐metallic mining and can be used to capture storm water runoff 
from reclaimed areas. 
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5.3 Processing and Support Facilities 

The  layout  and  drainage  associated  with  the  workshop‐warehouse,  Merrill‐Crowe  plant,  crushing‐
screening plan, and laboratory are shown in Figure 2, the Existing Condition Drainage Plan. Runoff from 
areas around facilities such as the workshop‐warehouse, Merrill‐Crowe plant, crushing‐screening plant, 
and assay  laboratory will be collected within each facility boundary and then routed via surface water 
channels to sediment ponds. Further, runoff from areas upgradient of the Phase 1 heap leach pad will be 
collected in ditches and routed both east and west along the southern side of the overland conveyor route 
and thus around the perimeter of the pad. 
 
5.4 Heap Leach Facility(ies) 

The  HLF  consists  of  the  Phase  1  heap  leach  pad,  lined  solution  conveyance  channel,  pump  box  and 
overflow  pond.  The  HLF  has  been  designed  as  a  zero‐discharge  facility.  According  to  the  WDR,  the 
overflow ponds were designed to contain up to eight (8) hours of draindown volume and 1,000‐year, 24‐
hour storm event runoff emanating from the entire lined area (approximately 27.8 million gallons or 85.3 
acre‐feet) allowing adequate capacity to account for operational upsets and extraordinary rainfall events.  
 
For  the  purpose  of  this  report,  the  HLF  is  considered  to  be  a  self‐contained  basin  and  no  additional 
analyses were performed. 
 
5.5 Surge Pile Management 

The approach that GQM has adopted for waste rock and aggregate management allows for sequential 
backfilling of mined‐out areas of the open pits. Backfill in the mined‐out areas of the open pit will typically 
consist of end‐dumped and therefore loose, coarse waste rock. The crests of the backfilled waste rock will 
be reworked with a dozer to minimize straight lines so they blend with the natural topography. The backfill 
and waste rock surge piles will be recontoured to an overall slope of 2H:1V. The contouring is designed to 
provide  stable  surfaces  and  to  control  and  minimize  erosion.  This  approach,  referred  to  as  micro‐
contouring, creates microbasins and results in features that trap moisture and seeds. The prepared areas 
will provide a suitable roughness for desert flora and will be seeded with either a commercial seed mix or 
seeds collected and stored on site. 
 
Processing and sale of aggregate will continue on site for at least 40 years after the termination of metallic 
mining.  
 
5.6 Reclaimed Condition 

As shown in the end of mining drainage plan (Figure 3), excess aggregate materials from the waste rock 
surge piles that are not processed and sold as aggregate prior to the termination of the mining permit will 
have side slopes reduced to 2:1 (H:V). In the post‐mining (final reclamation) phase (Figure 4), revegetation 
will provide longer‐term soil stability, reduce visual contrasts, and provide wildlife habitat. Steep slopes 
and benches in the open pits that are not covered by backfilled waste rock will not be revegetated. 
 
In some areas, specifically on the southwestern portion of the site, it may not be possible to capture all 
storm water runoff in sediment ponds prior to discharging from the site. In these instances, sediment and 
erosion  control BMPs will  be  constructed along  the perimeter of  the waste  rock placement  slopes  to 
mitigate the migration of sediment offsite, as identified on the detail on Figure 3.  
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6.0 SUMMARY OF IMPACTS  

The modification of the surge piles and revised pit backfilling and aggregate sales planned as part of the 
revised mine plan being considered by GQM, as described in this report, are not expected to cause any 
adverse flooding effects on the surrounding properties. Storm water channels will be designed to safely 
pass the estimated 100‐year peak flow, sediment ponds will be designed to retain 10‐year, 24‐hour runoff 
volumes, and temporary diversion ditches and channels capacity, as well as erosion BMPs, will be designed 
for the 20‐year peak runoff in accordance with SMARA and Kern County development requirements. 
 
Additionally,  as  identified  below,  implementation  of  the  Project  is  in  conformance  with  SMARA 
performance standards.  
 
6.1 Potential Impacts to Surrounding Water Bodies 

No direct encroachment into the existing floodplain is planned during the mining project. Local drainage 
within  the  mining  operation  will  be  collected  in  the  sediment  ponds.  Erosion  control  methods 
implemented at the site must be designed to handle runoff from not less than the 20‐year, 1‐hour storm. 
As mining operations progress, temporary sediment ponds may be required. Requirements and locations 
for such ponds will be determined as part of the ongoing mine design and operation. 
 
SMARA regulations require surface mining and reclamation activities to be conducted in such a way to 
protect both on‐site and downstream beneficial uses of water.  In addition, erosion and sedimentation 
control  is necessary during all phases of construction, operation,  reclamation, and  final closure of  the 
mine. As described previously, sediment ponds, micro‐contouring, temporary sediment control BMPs, and 
revegetation  are  expected  to minimize  erosion  and  sedimentation  caused  by mining  operations.  It  is 
important to note that storm water runoff from the Project area is not expected to degrade on‐site or 
downstream beneficial uses of water;  in addition  to  the structural  control measures presented  in  this 
report, previous studies of the project have concluded that: 

‐ Results of  the geochemical characterization program…indicate that  the potential of  the ore to 
generate ARD [Acid Rock Drainage] or ML [Metal Leaching] is low to non‐existent (Golden Queen, 
2007). 

‐ The Site is not hydrologically connected to the waters of the U.S., as there are no waters of the 
U.S. in the vicinity of Soledad Mountain. Storm water runoff emanating from the Site may migrate 
vertically towards the water table. However, groundwater is relatively deep (250 to 300 feet bgs), 
and the lithology under the Site consists of  low permeability,  fine‐grained soil. As a result, the 
probability of storm water at the Site to adversely  impact groundwater quality is  low (Arcadis, 
2015). 

‐ Occasionally, runoff may originate on or cross the desert floor to reach the dry lake beds or playas 
following high  intensity rainfall events. The nearest dry  lake beds to the Site; Rosamond Lake, 
Buckhorn Lake, and Rogers Lake; are located more than 10 miles from the Site. In addition, per 40 
CFR Part 230.3, ephemeral features, such as dry lake beds, are not classified as waters of the U.S. 
(Arcadis, 2015). 

 
The project, as described herein, is not expected to have any significant impacts to downstream areas.
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Appendix 1  
 

Soledad Mountain Hydrology Calculations
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HYDROLOGY CALCULATIONS 
SOLEDAD MOUNTAIN PROJECT 

 
 

In support of Revision 5 of the Site Drainage Plan, an evaluation of peak flow rates generated by the 20‐
year and 100‐year precipitation events at the Soledad mountain mining site for pre‐mining, existing (end 
of 2019), end of mining, and post‐mining (reclaimed) conditions has been prepared. The methodology, 
data sources, assumptions, conclusions, and calculations are presented herein. 
 
To  comply  with  the  Surface  Mining  and  Reclamation  Act  (SMARA)  regulations,  diversion  ditches 
constructed  for mining operations are designed  to  convey  the 20‐year, 1‐hour  storm event.  Since  the 
ditches and ponds must also pass the 100‐year flows, the 100‐year flows are also estimated and presented 
in these calculations. For volume calculations, the 10‐year, 24‐hour precipitation is used to estimate runoff 
volumes during mining operations to be used for sediment pond volumes as required in California Title 27 
regulations. Sediment ponds will also be required to remain post mine closure. Riser pipe outlets should 
be  designed  to  release  sediment  pond  volume  over  24‐72  hours  and  emergency  overflow  weirs  in 
embankments to release 100‐year flows. Note that this level of design is beyond the scope of this report 
and calculations and specifications for riper pipe outlets and overflow weirs are not included. 
 
1.0 METHODOLOGY 

Using  the  pre‐mining  topographic  survey  data  and  proposed mine  plan  topographic  design  contours, 
drainage subbasins were delineated for the pre‐mining, existing (end of 2019), and end of mining / post‐
mining  (reclaimed)  conditions.  Refer  to  Figures  1,  2,  3,  and  4  of  the  Site  Drainage  Plan  for  subbasin 
delineation  of  the  three  conditions.  NOAA  Atlas  14  Precipitation  Frequency  Estimates  were  used  to 
provide precipitation values for the 20‐year, 1‐hour; the 100‐year, 1‐hour; and the 10‐year, 24‐hour storm 
events (see Attachment C). Peak flow rates for the 20‐year and 100‐year storms were calculated using the 
Rational Method as set forth in the Kern County Hydrology Manual (Hromadka). Rational Method peak 
flow rates are used in the Site Drainage Plan as an initial estimate of ditch and channel sizing for the overall 
layout and comparison of all development conditions. 
 
Sediment ponds are sized to contain storm runoff up to the 10‐year, 24‐hour storm volume, with larger 
storms passing over an emergency weir in the pond embankment. Runoff volume estimation for the 10‐
year, 24‐hour storm uses the catchment yield fraction, Y, as set forth in the Kern County Hydrology Manual 
for disturbed basins during mining operations as well as areas active in the post‐mining phase. 
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2.0 DATA & ASSUMPTIONS 

The following data sources and assumptions were used in the hydrologic and hydraulic calculations in this 
report: 

‐ NRCS soil survey maps were used to aid in curve number selection; 
‐ Unless otherwise indicated, subbasins are assumed to contain 2% impervious area; 
‐ Precipitation depths for the various storms were obtained from NOAA Atlas 14;  full  tables are 

presented in Attachment C (NOAA, 2004). The NOAA Point Precipitation Frequency Estimates do 
not  include  a  20‐year  recurrence  interval,  so  data  for  the  25‐year  recurrence  interval  was 
conservatively used; 

‐ Time of concentration is calculated using TR‐55 methodology for 100‐year flow calculation. 
‐ The calculated time of concentration for the 20‐year flow calculation was increased by a factor of 

1.09 for flow segments 3‐5, per the Kern County Hydrology Manual; 
‐ All direct precipitation on the active heap leach facility is fully contained within the lined facility; 

and 
‐ Mining pit areas are assumed to act as retention ponds with no contribution to runoff. 

 
3.0 CALCULATIONS 

Basins were delineated and area‐weighted composite curve numbers were calculated based on different 
cover and soil types, as presented in Table A. Times of concentration for all basins were calculated using 
TR‐55  methodology  and  are  presented  in  Table  B.  The  20‐year  and  100‐year  peak  flow  rates  were 
calculated using the Rational Method in accordance with the Kern County Hydrology Manual. Rational 
Method calculations are presented in Table C. 
 
Basin information and calculations for the 10‐year, 24‐hour runoff volumes using the Kern County runoff 
volume estimation are presented in Table D. The 10‐year, 24‐hour runoff volumes were used to determine 
sediment  pond  volumes  for  the  existing  and  post‐mining  condition.  Runoff  volume  to  be  detained  in 
sediment ponds for Subbasin W1 will be diverted to Pond SW1, which will have capacity to detain the 10‐
year, 24‐hour runoff from both basins. 
 
4.0 CONCLUSIONS / RESULTS 

A summary of the estimated peak flows calculated with the Rational Method in accordance with the Kern 
County Hydrology Manual for the pre‐mining, existing, and post‐mining conditions are presented in Table 
C. Required sediment basin volumes for the 10‐year, 24‐hour storm event are presented in Table D. The 
sediment  ponds  have  been  sized  based  on  the  larger  of  four  possible  pond  sizes  required  by  either: 
existing  conditions  (Figure  2),  end  of  mining  (Figure  3),  post‐mining  configuration  (Figure  4),  or  as 
previously prescribed in the Golder Drainage Plans. 
 
These calculations are summarized below. 
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Developed 
Condition 

Basin ID 
Area 
(acres) 

Composite 
CN 

20‐year 
Rational 
Method 
Peak Flow

(cfs) 

100‐year 
Rational 
Method 
Peak Flow 

(cfs) 

10‐year, 
24‐hour 
Runoff 
Volume 
(ac‐ft) 

Pre‐Mining  W1  237.4  78  238.0  390.9  ‐‐ 

Pre‐Mining  NW1  48.0  77  67.3  106.4  ‐‐ 

Pre‐Mining  NW2  202.1  76  196.1  326.9  ‐‐ 

Pre‐Mining  N1  221.3  73  207.6  350.8  ‐‐ 

Pre‐Mining  N2  62.8  79  63.6  103.2  ‐‐ 

Pre‐Mining  E1  286.4  85  347.1  542.8  ‐‐ 

Pre‐Mining  E2  319.4  81  343.3  553.2  ‐‐ 

Pre‐Mining  SW1  421.6  81  275.6  473.2  ‐‐ 

Pre‐Mining  S1  195.9  82  271.2  420.0  ‐‐ 

Pre‐Mining  SE1  156.1  84  222.9  344.2  ‐‐ 

Existing (2019)  W1  220.0  73  189.6  325.8  10.9 

Existing (2019)  NW1  42.5  85  133.7  195.3  4.6 

Existing (2019)  NW2  146.3  84  199.1  315.1  4.9 

Existing (2019)  L1  57.6  85  85.8  130.9  0.0 

Existing (2019)  N1  117.8  77  192.3  296.3  5.9 

Existing (2019)  N2  174.6  84  204.5  315.4  8.9 

Existing (2019)  E1  91.8  83  137.8  213.2  4.8 

Existing (2019)  E2  270.4  79  333.6  541.6  19.7 

Existing (2019)  SW1  295.6  82  399.9  637.2  29.5 

Existing (2019)  S1  224.7  82  405.6  628.9  21.6 

Existing (2019)  SE1  150.0  82  301.1  467.6  15.2 

End of Mining  W1  128.1  74  112.0  193.4  7.5 

End of Mining  NW1  179.1  83  435.7  642.9  3.0 

End of Mining  NW2  110.9  78  123.4  201.0  8.7 

End of Mining  N1  183.8  73  166.3  285.8  8.7 

End of Mining  N2  129.0  76  181.6  285.7  6.9 

End of Mining  E1  186.0  78  222.3  348.6  13.1 

End of Mining  E2  165.8  79  424.1  647.6  13.9 

End of Mining  SW1  340.3  79  512.4  818.2  28.2 

End of Mining  S1  215.6  81  297.4  465.7  20.5 

End of Mining  SE1  150.0  83  212.8  329.5  15.5 

Final Reclamation  W1  128.1  66  70.0  135.7  4.5 

Final Reclamation  NW1  179.1  81  239.5  365.9  1.5 

Final Reclamation  NW2  110.9  75  100.2  168.0  7.5 

Final Reclamation  N1  183.8  66  107.9  204.9  5.2 

Final Reclamation  N2  129.0  69  142.2  233.4  5.0 

Final Reclamation  E1  186.0  73  209.1  335.4  10.3 

Final Reclamation  E2  165.8  76  276.2  428.6  12.6 

Final Reclamation  SW1  340.3  75  380.0  623.0  20.7 

Final Reclamation  S1  215.6  80  293.5  461.9  20.1 

Final Reclamation  SE1  150.0  82  210.2  326.8  15.4 
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Golden Queen Mining Company, LLC

Soledad Mountain Mine TABLE A:

SUBBASIN SUMMARY

Drainage Plan Update

September 2019

Company

Location

Project ID

Design Storm 100 ‐Year Reccurance Interval

Storm Duration

(hours)

2‐Year Depth

(inches)

100‐Year 

Depth

(inches)

Storm 

Distribution

24 1.5 4.39 II

CN = 63 CN = 77 CN = 85 CN = 88 CN = 65 CN = 85 CN = 77 CN = 70

Subbasin ID

Subbasin 

Area

(acres)

Subbasin 

Area

(sq mile)

Undisturbed 

Desert Shrub 

HSG A

(acres)

Undisturbed 

Desert Shrub 

HSG B

(acres)

Undisturbed 

Desert Shrub 

HSG C

(acres)

Undisturbed 

Desert Shrub 

HSG D (acres)

Reclaimed 

Areas

(acres)

Mined 

Benches, Pits, 

and Roads

(acres)

Rock Dump 

Tops

(acres)

Rock Dump 

Outslopes

(acres)

Composite 

SCS Curve 

Number, CN

Estimated Soil 

Capacity, S

(in)

Unit Runoff, 

Q

(in)

Runoff 

Volume

(ac‐ft)

Runoff 

Volume

(ft3)

W1 237.35 0.3709 89.62 7.15 140.59 78 2.82 2.20 43.56 1,897,480

NW1 47.97 0.0749 20.67 27.29 77 2.99 2.12 8.48 369,418

NW2 202.05 0.3157 97.41 7.31 97.33 76 3.16 2.04 34.39 1,497,965

N1 221.30 0.3458 135.96 7.45 77.90 73 3.70 1.81 33.44 1,456,546

N2 62.76 0.0981 19.80 21.32 21.64 79 2.66 2.28 11.95 520,427

E1 286.39 0.4475 19.13 155.07 112.19 85 1.76 2.81 67.04 2,920,368

E2 319.37 0.4990 91.34 30.50 197.54 81 2.35 2.45 65.29 2,844,071

SW1 421.64 0.6588 108.60 29.13 283.91 81 2.35 2.45 86.20 3,754,740

S1 195.94 0.3062 46.02 0.42 149.50 82 2.20 2.54 41.47 1,806,523

SE1 156.08 0.2439 27.83 128.26 84 1.90 2.72 35.35 1,539,846

W1 219.97 0.3437 89.28 5.57 38.87 23.95 22.58 39.73 73 3.70 1.81 33.24 1,447,779

NW1 42.52 0.0664 34.17 0.25 0.12 7.98 85 1.76 2.81 9.95 433,550

NW2 146.29 0.2286 4.61 2.95 31.45 95.63 2.20 9.45 84 1.90 2.72 33.13 1,443,213

L1 57.64 0.0901 0.28 57.36 85 1.76 2.81 13.49 587,781

N1 117.79 0.1840 2.55 0.06 22.12 69.24 23.82 77 2.99 2.12 20.82 907,129

N2 174.59 0.2728 3.79 12.99 53.67 89.10 15.05 84 1.90 2.72 39.54 1,722,418

E1 91.81 0.1435 14.05 21.25 42.50 0.40 13.62 83 2.05 2.63 20.11 875,857

E2 270.36 0.4224 45.52 143.56 24.41 24.18 32.69 79 2.66 2.28 51.47 2,241,980

SW1 295.64 0.4619 48.38 5.75 207.80 0.38 11.24 22.10 82 2.20 2.54 62.57 2,725,706

S1 224.72 0.3511 45.95 0.46 156.21 4.41 5.98 11.72 82 2.20 2.54 47.56 2,071,865

SE1 149.99 0.2344 30.92 113.99 0.00 5.07 82 2.20 2.54 31.75 1,382,823

W1 128.10 0.2002 11.33 8.23 0.22 55.70 52.62 74 3.51 1.89 20.16 877,965

NW1 179.08 0.2798 3.43 139.03 36.54 0.08 83 2.05 2.63 39.22 1,708,403

NW2 110.89 0.1733 5.30 2.95 42.71 1.84 14.54 43.54 78 2.82 2.20 20.35 886,500

N1 183.79 0.2872 1.74 16.30 56.29 109.47 73 3.70 1.81 27.77 1,209,662

N2 129.01 0.2016 3.71 10.97 6.07 17.15 35.97 55.14 76 3.16 2.04 21.96 956,436

E1 186.00 0.2906 0.45 13.98 42.71 12.64 45.96 70.26 78 2.82 2.20 34.14 1,486,967

E2 165.78 0.2590 20.92 82.02 15.06 47.78 79 2.66 2.28 31.56 1,374,715

SW1 340.29 0.5317 23.52 7.82 147.26 0.42 50.02 111.26 79 2.66 2.28 64.78 2,821,849

S1 215.63 0.3369 45.95 0.46 145.46 0.11 5.40 18.26 81 2.35 2.45 44.08 1,920,248

SE1 149.99 0.2344 30.92 116.74 2.33 83 2.05 2.63 32.85 1,430,824
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Golden Queen Mining Company, LLC

Soledad Mountain Mine TABLE A:

SUBBASIN SUMMARY

Drainage Plan Update

September 2019

Company

Location

Project ID

Design Storm 100 ‐Year Reccurance Interval

Storm Duration

(hours)

2‐Year Depth

(inches)

100‐Year 

Depth

(inches)

Storm 

Distribution

24 1.5 4.39 II

CN = 63 CN = 77 CN = 85 CN = 88 CN = 65 CN = 85 CN = 77 CN = 70

Subbasin ID

Subbasin 

Area

(acres)

Subbasin 

Area

(sq mile)

Undisturbed 

Desert Shrub 

HSG A

(acres)

Undisturbed 

Desert Shrub 

HSG B

(acres)

Undisturbed 

Desert Shrub 

HSG C

(acres)

Undisturbed 

Desert Shrub 

HSG D (acres)

Reclaimed 

Areas

(acres)

Mined 

Benches, Pits, 

and Roads

(acres)

Rock Dump 

Tops

(acres)

Rock Dump 

Outslopes

(acres)

Composite 

SCS Curve 

Number, CN

Estimated Soil 

Capacity, S

(in)

Unit Runoff, 

Q

(in)

Runoff 

Volume

(ac‐ft)

Runoff 

Volume

(ft3)

Golden Queen

Soledad Mountain

GO01.19.06

W1 128.10 0.2002 11.33 8.23 108.32 0.22 66 5.15 1.33 14.16 616,667

NW1 179.08 0.2798 3.43 36.62 139.03 81 2.35 2.45 36.61 1,594,756

NW2 110.89 0.1733 5.30 2.95 42.71 58.08 1.84 75 3.33 1.96 18.15 790,794

N1 183.79 0.2872 1.74 0.00 175.77 6.29 66 5.15 1.33 20.31 884,799

N2 129.01 0.2016 3.71 10.97 6.07 102.86 5.40 69 4.49 1.53 16.41 714,984

E1 186.03 0.2907 0.45 13.98 42.71 116.25 12.64 73 3.70 1.81 28.11 1,224,385

E2 165.78 0.2590 20.92 82.02 62.84 76 3.16 2.04 28.21 1,229,043

SW1 340.29 0.5317 23.52 7.82 116.57 161.28 31.11 75 3.33 1.96 55.71 2,426,686

S1 215.63 0.3369 45.95 0.46 145.46 23.65 0.11 80 2.50 2.37 42.55 1,853,618

SE1 149.99 0.2344 30.92 116.74 2.33 82 2.20 2.54 31.75 1,382,814

Calculation Summary:

Estimated Soil Capacity, S

Where: S = estimated soil capacity (in)

CN = composite SCS curve number

Initial Abstraction, Ia

Where: Ia = initial abstraction (in)

S = estimated soil capacity (in)

Unit Runoff, Q

Where: Q = unit runoff (in)

P = rainfall, 100 year (in)

Ia = initial abstraction (in)

S = estimated soil capacity (in)

Runoff Volume

Where: Q = unit runoff (in)

A = subbasin area (acres)
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Golden Queen Mining Company, LLC

Soledad Mountain Mine TABLE B:

BASIN TIME OF CONCENTRATION CALCULATIONS

Drainage Plan Update

September 2019

Company

Location

Project ID

Subbasin ID

Subbasin Area

(sq mile)

Composite SCS 

Curve Number, 

CN

Total Lag 

(0.8*Tc)

(min)

Total Travel 

Time

(min)

Type of 

Flow

Length

(ft)

Slope

(ft/ft)

Total Hydraulic Radius 

(Channel Only)

(ft)

Travel 

Time

(min)

W1 0.3709 78 10.4 12.9 Sheet 100 0.339 H Range 4.11

NW1 0.0749 77 6.5 8.2 Sheet 100 0.463 H Range 3.63

NW2 0.3157 76 10.4 13.0 Sheet 100 0.530 H Range 3.44

N1 0.3458 73 10.3 12.8 Sheet 100 0.400 H Range 3.85

N2 0.0981 79 10.6 13.2 Sheet 100 0.348 H Range 4.07

E1 0.4475 85 9.2 11.5 Sheet 100 0.570 H Range 3.34

E2 0.4990 81 10.1 12.6 Sheet 100 0.570 H Range 3.34

SW1 0.6588 81 19.1 23.9 Sheet 100 0.430 H Range 3.74

S1 0.3062 82 7.3 9.1 Sheet 100 0.400 H Range 3.85
SE1 0.2439 84 7.1 8.9 Sheet 100 0.260 H Range 4.57

W1 0.3437 73 11.3 14.1 Sheet 100 0.500 A Smooth 0.49

NW1 0.0664 85 2.1 2.6 Sheet 100 0.400 A Smooth 0.53

NW2 0.2286 84 7.4 9.3 Sheet 100 0.200 A Smooth 0.70

L1 0.0901 85 6.9 8.6 Sheet 100 0.100 A Smooth 0.93

N1 0.1840 77 5.4 6.7 Sheet 100 0.200 A Smooth 0.70

N2 0.2728 84 9.8 12.3 Sheet 100 0.100 A Smooth 0.93

E1 0.1435 83 6.5 8.2 Sheet 100 0.100 A Smooth 0.93

E2 0.4224 79 7.8 9.8 Sheet 100 0.400 A Smooth 0.53

SW1 0.4619 82 7.3 9.1 Sheet 100 0.500 A Smooth 0.49

S1 0.3511 82 4.8 5.9 Sheet 100 0.200 A Smooth 0.70

SE1 0.2344 82 4.0 5.0 Sheet 100 0.260 A Smooth 0.63

W1 0.2002 74 11.2 14.0 Sheet 100 0.100 A Smooth 0.93

NW1 0.2798 83 3.2 4.0 Sheet 100 0.100 A Smooth 0.93

NW2 0.1733 78 9.0 11.2 Sheet 100 0.600 A Smooth 0.45

N1 0.2872 73 10.6 13.2 Sheet 100 0.150 A Smooth 0.79

N2 0.2016 76 6.5 8.1 Sheet 100 1.300 A Smooth 0.33

E1 0.2906 78 8.5 10.7 Sheet 100 0.400 H Range 3.85

E2 0.2590 79 2.7 3.3 Sheet 100 0.500 A Smooth 0.49

SW1 0.5317 79 5.9 7.3 Sheet 100 0.400 A Smooth 0.53

S1 0.3369 81 7.1 8.9 Sheet 100 0.500 H Range 3.52

SE1 0.2344 83 7.1 8.9 Sheet 100 0.260 H Range 4.57

W1 0.2002 66 15.8 19.8 Sheet 100 0.100 H Range 6.70

NW1 0.2798 81 7.8 9.7 Sheet 100 0.100 H Range 6.70

NW2 0.1733 75 11.2 14.0 Sheet 100 0.600 H Range 3.27

N1 0.2872 66 14.9 18.6 Sheet 100 0.150 H Range 5.70

N2 0.2016 69 8.1 10.2 Sheet 100 1.300 H Range 2.40

E1 0.2907 73 8.5 10.7 Sheet 100 0.400 H Range 3.85

E2 0.2590 76 5.1 6.4 Sheet 100 0.500 H Range 3.52

SW1 0.5317 75 8.5 10.7 Sheet 100 0.400 H Range 3.85

S1 0.3369 80 7.1 8.9 Sheet 100 0.500 H Range 3.52

SE1 0.2344 82 7.1 8.9 Sheet 100 0.260 H Range 4.57

Notes:

(1) Refer to Reference A for roughness condition descriptions and assumed coefficients.
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Golden Queen Mining Company, LLC

Soledad Mountain Mine TABLE B:

BASIN TIME OF CONCENTRATION CALCULATIONS

Drainage Plan Update

September 2019

Company

Location

Project ID

Subbasin ID

Subbasin Area

(sq mile)

Composite SCS 

Curve Number, 

CN

Total Lag 

(0.8*Tc)

(min)

Total Travel 

Time

(min)

W1 0.3709 78 10.4 12.9

NW1 0.0749 77 6.5 8.2

NW2 0.3157 76 10.4 13.0

N1 0.3458 73 10.3 12.8

N2 0.0981 79 10.6 13.2

E1 0.4475 85 9.2 11.5

E2 0.4990 81 10.1 12.6

SW1 0.6588 81 19.1 23.9

S1 0.3062 82 7.3 9.1
SE1 0.2439 84 7.1 8.9

W1 0.3437 73 11.3 14.1

NW1 0.0664 85 2.1 2.6

NW2 0.2286 84 7.4 9.3

L1 0.0901 85 6.9 8.6

N1 0.1840 77 5.4 6.7

N2 0.2728 84 9.8 12.3

E1 0.1435 83 6.5 8.2

E2 0.4224 79 7.8 9.8

SW1 0.4619 82 7.3 9.1

S1 0.3511 82 4.8 5.9

SE1 0.2344 82 4.0 5.0

W1 0.2002 74 11.2 14.0

NW1 0.2798 83 3.2 4.0

NW2 0.1733 78 9.0 11.2

N1 0.2872 73 10.6 13.2

N2 0.2016 76 6.5 8.1

E1 0.2906 78 8.5 10.7

E2 0.2590 79 2.7 3.3

SW1 0.5317 79 5.9 7.3

S1 0.3369 81 7.1 8.9

SE1 0.2344 83 7.1 8.9

W1 0.2002 66 15.8 19.8

NW1 0.2798 81 7.8 9.7

NW2 0.1733 75 11.2 14.0

N1 0.2872 66 14.9 18.6

N2 0.2016 69 8.1 10.2

E1 0.2907 73 8.5 10.7

E2 0.2590 76 5.1 6.4

SW1 0.5317 75 8.5 10.7

S1 0.3369 80 7.1 8.9

SE1 0.2344 82 7.1 8.9

Notes:

(1) Refer to Reference A for roughness condition descriptions and assumed coefficients.
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Type of 

Flow

Length

(ft)

Slope

(ft/ft)

Total Hydraulic Radius 

(Channel Only)

(ft)

Travel 

Time

(min)

Shallow 585 0.396 U Unpaved 0.96

Shallow 550 0.492 U Unpaved 0.81

Shallow 570 0.468 U Unpaved 0.86

Shallow 770 0.408 U Unpaved 1.25

Shallow 1,660 0.510 U Unpaved 2.40

Shallow 1,250 0.576 U Unpaved 1.70

Shallow 745 0.537 U Unpaved 1.05

Shallow 624 0.412 U Unpaved 1.00

Shallow 1,337 0.449 U Unpaved 2.06
Shallow 189 0.233 U Unpaved 0.40

Shallow 2,187 0.354 U Unpaved 3.80

Shallow 1,383 0.463 U Unpaved 2.10

Shallow 467 0.514 U Unpaved 0.67

Shallow 1,302 0.077 U Unpaved 4.85

Shallow 1,568 0.115 U Unpaved 4.78

Shallow 4,206 0.231 U Unpaved 9.05

Shallow 1,174 0.145 U Unpaved 3.19

Channel 1,747 0.406 M Mountain Channel 1.5 1.03

Channel 1,482 0.283 M Mountain Channel 2.2 0.82

Channel 1,731 0.144 M Mountain Channel 2.3 1.33

Shallow 189 0.233 U Unpaved 0.40

Channel 634 0.244 M Mountain Channel 1.9 0.42

Shallow 2,058 0.491 U Unpaved 3.03

Shallow 1,813 0.298 U Unpaved 3.43

Shallow 879 0.267 U Unpaved 1.76

Shallow 2,602 0.246 U Unpaved 5.42

Shallow 2,880 0.271 U Unpaved 5.72

Channel 1,628 0.264 M Mountain Channel 1.8 1.08

Channel 1,469 0.272 M Mountain Channel 2.6 0.75

Shallow 509 0.236 U Unpaved 1.08

Shallow 189 0.233 U Unpaved 0.40

Channel 634 0.244 M Mountain Channel 1.9 0.42

Shallow 2,058 0.491 U Unpaved 3.03

Shallow 1,813 0.298 U Unpaved 3.43

Shallow 879 0.267 U Unpaved 1.76

Shallow 2,602 0.246 U Unpaved 5.42

Shallow 2,880 0.271 U Unpaved 5.72

Channel 1,628 0.264 M Mountain Channel 1.8 1.08

Channel 1,469 0.272 M Mountain Channel 2.6 0.75

Shallow 509 0.236 U Unpaved 1.08

Shallow 189 0.233 U Unpaved 0.40

Flow Segment 2

Roughness Condition 
(1)
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Golden Queen Mining Company, LLC

Soledad Mountain Mine TABLE B:

BASIN TIME OF CONCENTRATION CALCULATIONS

Drainage Plan Update

September 2019

Company

Location

Project ID

Subbasin ID

Subbasin Area

(sq mile)

Composite SCS 

Curve Number, 

CN

Total Lag 

(0.8*Tc)

(min)

Total Travel 

Time

(min)

W1 0.3709 78 10.4 12.9

NW1 0.0749 77 6.5 8.2

NW2 0.3157 76 10.4 13.0

N1 0.3458 73 10.3 12.8

N2 0.0981 79 10.6 13.2

E1 0.4475 85 9.2 11.5

E2 0.4990 81 10.1 12.6

SW1 0.6588 81 19.1 23.9

S1 0.3062 82 7.3 9.1
SE1 0.2439 84 7.1 8.9

W1 0.3437 73 11.3 14.1

NW1 0.0664 85 2.1 2.6

NW2 0.2286 84 7.4 9.3

L1 0.0901 85 6.9 8.6

N1 0.1840 77 5.4 6.7

N2 0.2728 84 9.8 12.3

E1 0.1435 83 6.5 8.2

E2 0.4224 79 7.8 9.8

SW1 0.4619 82 7.3 9.1

S1 0.3511 82 4.8 5.9

SE1 0.2344 82 4.0 5.0

W1 0.2002 74 11.2 14.0

NW1 0.2798 83 3.2 4.0

NW2 0.1733 78 9.0 11.2

N1 0.2872 73 10.6 13.2

N2 0.2016 76 6.5 8.1

E1 0.2906 78 8.5 10.7

E2 0.2590 79 2.7 3.3

SW1 0.5317 79 5.9 7.3

S1 0.3369 81 7.1 8.9

SE1 0.2344 83 7.1 8.9

W1 0.2002 66 15.8 19.8

NW1 0.2798 81 7.8 9.7

NW2 0.1733 75 11.2 14.0

N1 0.2872 66 14.9 18.6

N2 0.2016 69 8.1 10.2

E1 0.2907 73 8.5 10.7

E2 0.2590 76 5.1 6.4

SW1 0.5317 75 8.5 10.7

S1 0.3369 80 7.1 8.9

SE1 0.2344 82 7.1 8.9

Notes:

(1) Refer to Reference A for roughness condition descriptions and assumed coefficients.
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Type of 

Flow

Length

(ft)

Slope

(ft/ft)

Total Hydraulic Radius 

(Channel Only)

(ft)

Travel 

Time

(min)

Channel 1,700 0.357 M Mountain Channel 1.38 1.16

Channel 490 0.194 M Mountain Channel 0.84 0.63

Channel 2,380 0.310 M Mountain Channel 1.27 1.83

Channel 1,890 0.115 M Mountain Channel 1.34 2.31

Channel 1,350 0.156 M Mountain Channel 0.91 1.83

Channel 2,480 0.216 M Mountain Channel 1.78 1.83

Channel 2,500 0.262 M Mountain Channel 1.70 1.73

Channel 3,172 0.202 M Mountain Channel 1.40 2.84

Channel 1,722 0.276 M Mountain Channel 1.41 1.31
Channel 1,572 0.175 M Mountain Channel 1.76 1.30

Channel 1,193 0.147 M Mountain Channel 2.5 0.85

Channel 1,114 0.305 M Mountain Channel 1.8 0.67

Channel 1,474 0.014 E Earth‐lined 1.4 2.83

Channel 1,567 0.020 Pl Plastic 1.3 1.24

Channel 2,091 0.077 R Riprap 1.8 2.29

Channel 636 0.566 M Mountain Channel 1.6 0.31

Channel 1,223 0.229 M Mountain Channel 1.3 1.08

Channel 1,421 0.260 M Mountain Channel 2.6 0.75

Shallow 1,363 0.448 U Unpaved 2.10

Channel 1,572 0.175 M Mountain Channel 1.8 1.30

Shallow 1,956 0.051 U Unpaved 8.94

Shallow 1,713 0.070 U Unpaved 6.69

Channel 3,680 0.017 R Riprap 1.3 10.65

Channel 2,086 0.072 R Riprap 1.8 2.35

Channel 1,306 0.214 E Earth‐lined 2.5 0.43

Channel 1,387 0.094 E Earth‐lined 2.2 0.75

Channel 1,375 0.247 M Mountain Channel 2.3 0.80

Channel 550 0.127 M Mountain Channel 2.6 0.41

Channel 1,572 0.175 M Mountain Channel 1.8 1.30

Shallow 1,956 0.051 U Unpaved 8.94

Shallow 1,713 0.070 U Unpaved 6.69

Channel 3,680 0.015 R Riprap 1.30 11.11

Channel 2,086 0.072 R Riprap 1.80 2.35

Channel 1,306 0.214 E Earth‐lined 2.50 0.43

Channel 1,387 0.094 E Earth‐lined 2.22 0.75

Channel 1,375 0.247 M Mountain Channel 2.31 0.80

Channel 550 0.127 M Mountain Channel 2.65 0.41

Channel 1,572 0.175 M Mountain Channel 1.76 1.30

Flow Segment 3

Roughness Condition 
(1)
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Golden Queen Mining Company, LLC

Soledad Mountain Mine TABLE B:

BASIN TIME OF CONCENTRATION CALCULATIONS

Drainage Plan Update

September 2019

Company

Location

Project ID

Subbasin ID

Subbasin Area

(sq mile)

Composite SCS 

Curve Number, 

CN

Total Lag 

(0.8*Tc)

(min)

Total Travel 

Time

(min)

W1 0.3709 78 10.4 12.9

NW1 0.0749 77 6.5 8.2

NW2 0.3157 76 10.4 13.0

N1 0.3458 73 10.3 12.8

N2 0.0981 79 10.6 13.2

E1 0.4475 85 9.2 11.5

E2 0.4990 81 10.1 12.6

SW1 0.6588 81 19.1 23.9

S1 0.3062 82 7.3 9.1
SE1 0.2439 84 7.1 8.9

W1 0.3437 73 11.3 14.1

NW1 0.0664 85 2.1 2.6

NW2 0.2286 84 7.4 9.3

L1 0.0901 85 6.9 8.6

N1 0.1840 77 5.4 6.7

N2 0.2728 84 9.8 12.3

E1 0.1435 83 6.5 8.2

E2 0.4224 79 7.8 9.8

SW1 0.4619 82 7.3 9.1

S1 0.3511 82 4.8 5.9

SE1 0.2344 82 4.0 5.0

W1 0.2002 74 11.2 14.0

NW1 0.2798 83 3.2 4.0

NW2 0.1733 78 9.0 11.2

N1 0.2872 73 10.6 13.2

N2 0.2016 76 6.5 8.1

E1 0.2906 78 8.5 10.7

E2 0.2590 79 2.7 3.3

SW1 0.5317 79 5.9 7.3

S1 0.3369 81 7.1 8.9

SE1 0.2344 83 7.1 8.9

W1 0.2002 66 15.8 19.8

NW1 0.2798 81 7.8 9.7

NW2 0.1733 75 11.2 14.0

N1 0.2872 66 14.9 18.6

N2 0.2016 69 8.1 10.2

E1 0.2907 73 8.5 10.7

E2 0.2590 76 5.1 6.4

SW1 0.5317 75 8.5 10.7

S1 0.3369 80 7.1 8.9

SE1 0.2344 82 7.1 8.9

Notes:

(1) Refer to Reference A for roughness condition descriptions and assumed coefficients.
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Type of 

Flow

Length

(ft)

Slope

(ft/ft)

Total Hydraulic Radius 

(Channel Only)

(ft)

Travel 

Time

(min)

Channel 2,920 0.11 M Mountain Channel 1.64 3.25

Channel 960 0.59 M Mountain Channel 0.67 0.82

Channel 2,220 0.09 M Mountain Channel 1.46 2.88

Channel 2,560 0.12 M Mountain Channel 1.34 3.13

Channel 1,320 0.08 M Mountain Channel 1.05 2.30

Channel 2,525 0.08 M Mountain Channel 2.07 2.80

Channel 3,360 0.04 M Mountain Channel 2.24 4.94

Channel 4,903 0.055 M Mountain Channel 1.74 7.30

Channel 658 0.122 M Mountain Channel 1.19 0.85
Channel 1,323 0.208 M Mountain Channel 1.39 1.17

Shallow 1,690 0.056 U Unpaved 7.36

Shallow 2,174 0.120 U Unpaved 6.49

Shallow 1,560 0.231 U Unpaved 3.35

Shallow 2,027 0.109 U Unpaved 6.36

Shallow 1,138 0.123 U Unpaved 3.35

Channel 3,446 0.102 E Earth‐lined 2.2 1.81

Channel 1,323 0.208 M Mountain Channel 1.4 1.17

Channel 1,139 0.127 E Earth‐lined 1.5 0.67

Channel 923 0.078 E Earth‐lined 1.7 0.65

Channel 443 0.237 E Earth‐lined 1.5 0.20

Channel 1,077 0.037 E Earth‐lined 1.9 1.02

Shallow 524 0.115 U Unpaved 1.60

Shallow 1,363 0.448 U Unpaved 2.10

Channel 1,323 0.208 M Mountain Channel 1.4 1.17

Channel 1,139 0.127 E Earth‐lined 1.5 0.67

Channel 923 0.078 E Earth‐lined 1.7 0.65

Channel 443 0.237 E Earth‐lined 1.5 0.20

Channel 1,077 0.037 E Earth‐lined 1.9 1.02

Shallow 524 0.115 U Unpaved 1.60

Shallow 1,363 0.448 U Unpaved 2.10

Channel 1,323 0.208 M Mountain Channel 1.4 1.17

Flow Segment 4

Roughness Condition 
(1)
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Golden Queen Mining Company, LLC

Soledad Mountain Mine TABLE B:

BASIN TIME OF CONCENTRATION CALCULATIONS

Drainage Plan Update

September 2019

Company

Location

Project ID

Subbasin ID

Subbasin Area

(sq mile)

Composite SCS 

Curve Number, 

CN

Total Lag 

(0.8*Tc)

(min)

Total Travel 

Time

(min)

W1 0.3709 78 10.4 12.9

NW1 0.0749 77 6.5 8.2

NW2 0.3157 76 10.4 13.0

N1 0.3458 73 10.3 12.8

N2 0.0981 79 10.6 13.2

E1 0.4475 85 9.2 11.5

E2 0.4990 81 10.1 12.6

SW1 0.6588 81 19.1 23.9

S1 0.3062 82 7.3 9.1
SE1 0.2439 84 7.1 8.9

W1 0.3437 73 11.3 14.1

NW1 0.0664 85 2.1 2.6

NW2 0.2286 84 7.4 9.3

L1 0.0901 85 6.9 8.6

N1 0.1840 77 5.4 6.7

N2 0.2728 84 9.8 12.3

E1 0.1435 83 6.5 8.2

E2 0.4224 79 7.8 9.8

SW1 0.4619 82 7.3 9.1

S1 0.3511 82 4.8 5.9

SE1 0.2344 82 4.0 5.0

W1 0.2002 74 11.2 14.0

NW1 0.2798 83 3.2 4.0

NW2 0.1733 78 9.0 11.2

N1 0.2872 73 10.6 13.2

N2 0.2016 76 6.5 8.1

E1 0.2906 78 8.5 10.7

E2 0.2590 79 2.7 3.3

SW1 0.5317 79 5.9 7.3

S1 0.3369 81 7.1 8.9

SE1 0.2344 83 7.1 8.9

W1 0.2002 66 15.8 19.8

NW1 0.2798 81 7.8 9.7

NW2 0.1733 75 11.2 14.0

N1 0.2872 66 14.9 18.6

N2 0.2016 69 8.1 10.2

E1 0.2907 73 8.5 10.7

E2 0.2590 76 5.1 6.4

SW1 0.5317 75 8.5 10.7

S1 0.3369 80 7.1 8.9

SE1 0.2344 82 7.1 8.9

Notes:

(1) Refer to Reference A for roughness condition descriptions and assumed coefficients.
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Type of 

Flow

Length

(ft)

Slope

(ft/ft)

Total Hydraulic Radius 

(Channel Only)

(ft)

Travel 

Time

(min)

Channel 1,820 0.009 E Earth‐lined 1.92 3.47

Channel 970 0.013 E Earth‐lined 1.06 2.29

Channel 2,160 0.012 E Earth‐lined 1.64 3.96

Channel 1,305 0.014 E Earth‐lined 1.54 2.31

Channel 1,200 0.021 E Earth‐lined 0.85 2.58

Channel 1,140 0.014 E Earth‐lined 1.74 1.86

Channel 900 0.014 E Earth‐lined 1.64 1.53

Shallow 534 0.004 U Unpaved 9.01

Channel 1,539 0.081 E Earth‐lined 1.66 1.08
Shallow 392 0.077 U Unpaved 1.46

Channel 1,010 0.015 E Earth‐lined 1.7 1.63

Channel 983 0.073 E Earth‐lined 1.7 0.71

Channel 800 0.138 E Earth‐lined 2.1 0.37

Channel 875 0.046 E Earth‐lined 1.8 0.77

Channel 3,470 0.037 E Earth‐lined 1.6 3.66

Shallow 392 0.077 U Unpaved 1.46

Channel 1,060 0.005 E Earth‐lined 1.7 3.03

Channel 339 0.015 E Earth‐lined 2.1 0.48

Channel 3,470 0.037 E Earth‐lined 1.6 3.66

Channel 3,446 0.102 E Earth‐lined 2.2 1.81

Shallow 392 0.077 U Unpaved 1.46

Channel 1,060 0.005 E Earth‐lined 1.7 3.03

Channel 339 0.015 E Earth‐lined 2.1 0.48

Channel 3,470 0.037 E Earth‐lined 1.6 3.66

Channel 3,446 0.102 E Earth‐lined 2.2 1.81

Shallow 392 0.077 U Unpaved 1.46

Flow Segment 5

Roughness Condition 
(1)
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Golden Queen Mining Company, LLC

Soledad Mountain Mine TABLE C:

RATIONAL METHOD FLOW RESULTS

Drainage Plan Update

September 2019

Company

Location

Project ID

Subbasin ID

Subbasin Area

(acres)

Pervious Area 

Fraction(1)
, ap

Composite SCS 

Curve Number, 

CN

Infiltration Rate for 

Pervious Area(2), Fp
(in/hr)

Maximum Loss 

Rate, Fm
(in/hr)

Time of 

Concentration(3)
, 

Tc

(min)

Rainfall Intensity, I

(in/hr)

Peak Flow Rate, 

Q

(cfs)

Time of 

Concentration, 

Tc

(min)

Rainfall Intensity, 

I

(in/hr)

Peak Flow Rate, 

Q

(cfs)

W1 237.35 0.98 78 0.42 0.41 13.7 1.52 238 12.9 2.23 391

NW1 47.97 0.98 77 0.43 0.42 8.5 1.97 67 8.2 2.87 106

NW2 202.05 0.98 76 0.45 0.44 13.8 1.51 196 13.0 2.22 327

N1 221.30 0.98 73 0.50 0.49 13.5 1.52 208 12.8 2.24 351

N2 62.76 0.98 79 0.40 0.39 13.8 1.51 64 13.2 2.20 103

E1 286.39 0.98 85 0.29 0.28 12.1 1.62 347 11.5 2.37 543

E2 319.37 0.98 81 0.36 0.35 13.3 1.54 343 12.6 2.26 553

SW1 421.64 0.98 81 0.36 0.35 25.6 1.07 276 23.9 1.59 473

S1 195.94 0.98 82 0.34 0.33 9.4 1.86 271 9.1 2.70 420

SE1 156.08 0.98 84 0.31 0.30 9.3 1.88 223 8.9 2.73 344

W1 219.97 0.98 73 0.50 0.49 15.0 1.44 190 14.1 2.12 326

NW1 42.52 0.98 85 0.29 0.28 2.6 3.75 134 2.6 5.35 195

NW2 146.29 0.98 84 0.31 0.30 10.0 1.80 199 9.3 2.68 315

L1 57.64 0.98 85 0.29 0.28 8.9 1.92 86 8.6 2.79 131

N1 117.79 0.98 77 0.43 0.42 6.8 2.22 192 6.7 3.19 296

N2 174.59 0.98 84 0.31 0.30 12.5 1.59 205 12.3 2.29 315

E1 91.81 0.98 83 0.32 0.31 8.5 1.97 138 8.2 2.87 213

E2 270.36 0.98 79 0.40 0.39 10.5 1.75 334 9.8 2.60 542

SW1 295.64 0.98 82 0.34 0.33 9.8 1.82 400 9.1 2.71 637

S1 224.72 0.98 82 0.34 0.33 6.3 2.32 406 5.9 3.42 629

SE1 149.99 0.98 82 0.34 0.33 5.3 2.55 301 5.0 3.77 468

W1 128.10 0.98 74 0.48 0.47 15.1 1.43 112 14.0 2.13 193

NW1 179.08 0.98 83 0.32 0.31 4.0 2.99 436 4.0 4.27 643

NW2 110.89 0.98 78 0.42 0.41 11.9 1.64 123 11.2 2.41 201

N1 183.79 0.98 73 0.50 0.49 14.2 1.49 166 13.2 2.20 286

N2 129.01 0.98 76 0.45 0.44 8.3 1.99 182 8.1 2.88 286

E1 186.00 0.98 78 0.42 0.41 10.8 1.73 222 10.7 2.48 349

E2 165.78 0.98 79 0.40 0.39 3.5 3.21 424 3.3 4.70 648

SW1 340.29 0.98 79 0.40 0.39 7.9 2.05 512 7.3 3.04 818

S1 215.63 0.98 81 0.36 0.35 9.3 1.87 297 8.9 2.73 466

SE1 149.99 0.98 83 0.32 0.31 9.3 1.88 213 8.9 2.73 329

20‐year, 1‐hour Point Rainfall Depth

(in)

100‐year, 1‐hour Point Rainfall Depth

(in)

0.958

Golden Queen

Soledad Mountain

GO01.19.06
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Golden Queen Mining Company, LLC

Soledad Mountain Mine TABLE C:

RATIONAL METHOD FLOW RESULTS

Drainage Plan Update

September 2019

Company

Location

Project ID

Subbasin ID

Subbasin Area

(acres)

Pervious Area 

Fraction(1)
, ap

Composite SCS 

Curve Number, 

CN

Infiltration Rate for 

Pervious Area(2), Fp
(in/hr)

Maximum Loss 

Rate, Fm
(in/hr)

Time of 

Concentration(3)
, 

Tc

(min)

Rainfall Intensity, I

(in/hr)

Peak Flow Rate, 

Q

(cfs)

Time of 

Concentration, 

Tc

(min)

Rainfall Intensity, 

I

(in/hr)

Peak Flow Rate, 

Q

(cfs)

20‐year, 1‐hour Point Rainfall Depth

(in)

100‐year, 1‐hour Point Rainfall Depth

(in)

0.958

Golden Queen

Soledad Mountain

GO01.19.06

0.672

W1 128.10 0.98 66 0.61 0.60 20.9 1.20 70 19.8 1.76 136

NW1 179.08 0.98 81 0.36 0.35 9.7 1.83 240 9.7 2.60 366

NW2 110.89 0.98 75 0.47 0.46 14.7 1.46 100 14.0 2.13 168

N1 183.79 0.98 66 0.61 0.60 19.6 1.24 108 18.6 1.83 205

N2 129.01 0.98 69 0.56 0.55 10.4 1.76 142 10.2 2.54 233

E1 186.03 0.98 73 0.50 0.49 10.8 1.73 209 10.7 2.48 335

E2 165.78 0.98 76 0.45 0.44 6.5 2.28 276 6.4 3.29 429

SW1 340.29 0.98 75 0.47 0.46 11.2 1.69 380 10.7 2.48 623

S1 215.63 0.98 80 0.38 0.37 9.3 1.87 294 8.9 2.73 462

SE1 149.99 0.98 82 0.34 0.33 9.3 1.88 210 8.9 2.73 327

Notes:

(1) Unless otherwise indicated, subbasins are assumed to contain 2% impervious area.

(2) The infiltration rate for pervious areas (Fp) was determined using the graph in Figure C‐5 of the Kern County Hydrology Manual.

Calculation Summary:

Maximum Loss Rate, Fm

Where: Fm = maximum loss rate (in/hr)

ap = pervious area fraction

Fp = infiltration rate for pervious area (in/hr)

Rainfall Intensity, I

(as derived from the I‐D graph in Reference B)

Where: I100 = rainfall intensity, 100‐year (in/hr)

I20 = rainfall intensity, 20‐year (in/hr)

Tc = time of concentration (min)

Peak Flow Rate, Q

Where: Q = peak flow rate (cfs)

I ‐ rainfall intensity (in/hr)

Fm = maximum loss rate (in/hr)

A = area (acre)

(3) The calculated time of concentration for the 20‐year flow calculation (see "Basin Time of Concentration Calculations" table) was increased by a factor of 1.09 for flow segments 3‐5 per Kern County Hydrology Manual.
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F a F

I 10.333 Tc .

I 6.747 Tc .

Q 0.90 I F A
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Golden Queen Mining Company, LLC

Soledad Mountain Mine TABLE D:

SEDIMENT POND SIZING

Drainage Plan Update

September 2019

Company

Location

Project ID

Design Storm

2.64 in.

Subbasin

Area

(ac.)
Subarea Fraction, 

Aj Subarea Soil Group

Composite 

SCS Curve 

Number, CN

Infiltration Rate for 

Pervious Area(1), Fp
(in/hr)

Pervious Area 

Fraction(2), ap
(decimal)

Estimated Soil 

Capacity, S

(in)

Initial 

Abstraction, Ia
(in)

Subarea Yield 

Fraction, Yj
(in)

Subbasin 

Yield 

Fraction, Y

(in)

10‐year, 24‐

hour Volume

(acre‐ft)

W1 220.0 0.406 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.025 Undist. Desert Shrub, HSG C 85 0.29 0.98 1.76 0.35 0.489

0.177 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.109 Mined Benches and Pits 85 0.29 0.98 1.76 0.35 0.489

0.103 Rock Dump Tops 77 0.43 0.98 2.99 0.60 0.314

0.181 Rock Dump Slopes 70 0.55 0.98 4.29 0.86 0.198

0.226 10.9

NW1 42.5 0.000 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.804 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.006 Mined Benches and Pits 85 0.29 0.98 1.76 0.35 0.489

0.003 Rock Dump Tops 77 0.43 0.98 2.99 0.60 0.314

0.188 Rock Dump Slopes 70 0.55 0.98 4.29 0.86 0.198

0.495 4.6

NW2 146.3 0.032 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.020 Undist. Desert Shrub, HSG C 85 0.29 0.98 1.76 0.35 0.489

0.215 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.654 Mined Benches and Pits 85 0.29 0.98 1.76 0.35 0.489

0.015 Rock Dump Tops 77 0.43 0.98 2.99 0.60 0.314

0.065 Rock Dump Slopes 70 0.55 0.98 4.29 0.86 0.198

0.153 4.9

L1 57.6 0.005 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.995 Mined Benches and Pits 85 0.29 0.98 1.76 0.35 0.489

0.000 Rock Dump Tops 77 0.43 0.98 2.99 0.60 0.314

0.000 Rock Dump Slopes 70 0.55 0.98 4.29 0.86 0.198

0.001 0.0

N1 117.8 0.022 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.188 Mined Benches and Pits 85 0.29 0.98 1.76 0.35 0.489

0.588 Rock Dump Tops 77 0.43 0.98 2.99 0.60 0.314

0.202 Rock Dump Slopes 70 0.55 0.98 4.29 0.86 0.198

0.227 5.9

N2 174.6 0.022 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.074 Undist. Desert Shrub, HSG C 85 0.29 0.98 1.76 0.35 0.489

0.307 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.510 Mined Benches and Pits 85 0.29 0.98 1.76 0.35 0.489

0.086 Rock Dump Slopes 70 0.55 0.98 4.29 0.86 0.198

0.231 8.9
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Golden Queen Mining Company, LLC

Soledad Mountain Mine TABLE D:

SEDIMENT POND SIZING

Drainage Plan Update

September 2019

Company

Location

Project ID

Design Storm

2.64 in.

Subbasin

Area

(ac.)
Subarea Fraction, 

Aj Subarea Soil Group

Composite 

SCS Curve 

Number, CN

Infiltration Rate for 

Pervious Area(1), Fp
(in/hr)

Pervious Area 

Fraction(2), ap
(decimal)

Estimated Soil 

Capacity, S

(in)

Initial 

Abstraction, Ia
(in)

Subarea Yield 

Fraction, Yj
(in)

Subbasin 

Yield 

Fraction, Y

(in)

10‐year, 24‐

hour Volume

(acre‐ft)

Golden Queen

Soledad Mountain

GO01.19.06

10‐year, 24‐hour

E1 91.8 0.000 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.153 Undist. Desert Shrub, HSG C 85 0.29 0.98 1.76 0.35 0.489

0.231 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.463 Mined Benches and Pits 85 0.29 0.98 1.76 0.35 0.489

0.004 Rock Dump Tops 77 0.43 0.98 2.99 0.60 0.314

0.148 Rock Dump Slopes 70 0.55 0.98 4.29 0.86 0.198

0.237 4.8

E2 270.4 0.168 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.531 Undist. Desert Shrub, HSG C 85 0.29 0.98 1.76 0.35 0.489

0.090 Mined Benches and Pits 85 0.29 0.98 1.76 0.35 0.489

0.089 Rock Dump Tops 77 0.43 0.98 2.99 0.60 0.314

0.121 Rock Dump Slopes 70 0.55 0.98 4.29 0.86 0.198

0.330 19.7

SW1 295.6 0.164 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.019 Undist. Desert Shrub, HSG C 85 0.29 0.98 1.76 0.35 0.489

0.703 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.001 Mined Benches and Pits 85 0.29 0.98 1.76 0.35 0.489

0.038 Rock Dump Tops 77 0.43 0.98 2.99 0.60 0.314

0.075 Rock Dump Slopes 70 0.55 0.98 4.29 0.86 0.198

0.454 29.5

S1 224.7 0.204 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.002 Undist. Desert Shrub, HSG C 85 0.29 0.98 1.76 0.35 0.489

0.695 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.020 Mined Benches and Pits 85 0.29 0.98 1.76 0.35 0.489

0.027 Rock Dump Tops 77 0.43 0.98 2.99 0.60 0.314

0.052 Rock Dump Slopes 70 0.55 0.98 4.29 0.86 0.198

0.438 21.6

SE1 150.0 0.206 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.760 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.034 Rock Dump Slopes 70 0.55 0.98 4.29 0.86 0.198

0.462 15.2

W1 128.1 0.088 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.064 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.002 Mined Benches and Pits 85 0.29 0.98 1.76 0.35 0.489

0.435 Rock Dump Tops 77 0.43 0.98 2.99 0.60 0.314

0.411 Rock Dump Slopes 70 0.55 0.98 4.29 0.86 0.198

0.264 7.5
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Golden Queen Mining Company, LLC

Soledad Mountain Mine TABLE D:

SEDIMENT POND SIZING

Drainage Plan Update

September 2019

Company

Location

Project ID

Design Storm

2.64 in.

Subbasin

Area

(ac.)
Subarea Fraction, 

Aj Subarea Soil Group

Composite 

SCS Curve 

Number, CN

Infiltration Rate for 

Pervious Area(1), Fp
(in/hr)

Pervious Area 

Fraction(2), ap
(decimal)

Estimated Soil 

Capacity, S

(in)

Initial 

Abstraction, Ia
(in)

Subarea Yield 

Fraction, Yj
(in)

Subbasin 

Yield 

Fraction, Y

(in)

10‐year, 24‐

hour Volume

(acre‐ft)

Golden Queen

Soledad Mountain

GO01.19.06

10‐year, 24‐hour

NW1 179.1 0.000 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.019 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.776 Mined Benches and Pits 85 0.29 0.98 1.76 0.35 0.489

0.204 Rock Dump Tops 77 0.43 0.98 2.99 0.60 0.314

0.075 3.0

NW2 110.9 0.048 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.027 Undist. Desert Shrub, HSG C 85 0.29 0.98 1.76 0.35 0.489

0.385 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.017 Mined Benches and Pits 85 0.29 0.98 1.76 0.35 0.489

0.131 Rock Dump Tops 77 0.43 0.98 2.99 0.60 0.314

0.393 Rock Dump Slopes 70 0.55 0.98 4.29 0.86 0.198

0.357 8.7

N1 183.8 0.009 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.089 Mined Benches and Pits 85 0.29 0.98 1.76 0.35 0.489

0.306 Rock Dump Tops 77 0.43 0.98 2.99 0.60 0.314

0.596 Rock Dump Slopes 70 0.55 0.98 4.29 0.86 0.198

0.215 8.7

N2 129.0 0.029 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.085 Undist. Desert Shrub, HSG C 85 0.29 0.98 1.76 0.35 0.489

0.047 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.133 Mined Benches and Pits 85 0.29 0.98 1.76 0.35 0.489

0.279 Rock Dump Tops 77 0.43 0.98 2.99 0.60 0.314

0.427 Rock Dump Slopes 70 0.55 0.98 4.29 0.86 0.198

0.244 6.9

E1 186.0 0.002 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.075 Undist. Desert Shrub, HSG C 85 0.29 0.98 1.76 0.35 0.489

0.230 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.068 Mined Benches and Pits 85 0.29 0.98 1.76 0.35 0.489

0.247 Rock Dump Tops 77 0.43 0.98 2.99 0.60 0.314

0.378 Rock Dump Slopes 70 0.55 0.98 4.29 0.86 0.198

0.320 13.1

E2 165.8 0.126 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.495 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.091 Rock Dump Tops 77 0.43 0.98 2.99 0.60 0.314

0.288 Rock Dump Slopes 70 0.55 0.98 4.29 0.86 0.198

0.381 13.9
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Golden Queen Mining Company, LLC

Soledad Mountain Mine TABLE D:

SEDIMENT POND SIZING

Drainage Plan Update

September 2019

Company

Location

Project ID

Design Storm

2.64 in.

Subbasin

Area

(ac.)
Subarea Fraction, 

Aj Subarea Soil Group

Composite 

SCS Curve 

Number, CN

Infiltration Rate for 

Pervious Area(1), Fp
(in/hr)

Pervious Area 

Fraction(2), ap
(decimal)

Estimated Soil 

Capacity, S

(in)

Initial 

Abstraction, Ia
(in)

Subarea Yield 

Fraction, Yj
(in)

Subbasin 

Yield 

Fraction, Y

(in)

10‐year, 24‐

hour Volume

(acre‐ft)

Golden Queen

Soledad Mountain

GO01.19.06

10‐year, 24‐hour

SW1 340.3 0.069 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.023 Undist. Desert Shrub, HSG C 85 0.29 0.98 1.76 0.35 0.489

0.433 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.001 Mined Benches and Pits 85 0.29 0.98 1.76 0.35 0.489

0.147 Rock Dump Tops 77 0.43 0.98 2.99 0.60 0.314

0.327 Rock Dump Slopes 70 0.55 0.98 4.29 0.86 0.198

0.376 28.2

S1 215.6 0.213 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.002 Undist. Desert Shrub, HSG C 85 0.29 0.98 1.76 0.35 0.489

0.675 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.001 Mined Benches and Pits 85 0.29 0.98 1.76 0.35 0.489

0.025 Rock Dump Tops 77 0.43 0.98 2.99 0.60 0.314

0.085 Rock Dump Slopes 70 0.55 0.98 4.29 0.86 0.198

0.433 20.5

SE1 150.0 0.206 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.778 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.016 Rock Dump Slopes 70 0.55 0.98 4.29 0.86 0.198

0.469 15.5

W1 128.1 0.088 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.000 Undist. Desert Shrub, HSG B 77 0.43 0.98 2.99 0.60 0.314

0.064 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.846 Reclaimed Area 65 0.63 0.98 5.38 1.08 0.133

0.159 4.5

NW1 179.1 0.000 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.000 Undist. Desert Shrub, HSG B 77 0.43 0.98 2.99 0.60 0.314

0.019 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.204 Reclaimed Area 65 0.63 0.98 5.38 1.08 0.133

0.038 1.5

NW2 110.9 0.048 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.027 Undist. Desert Shrub, HSG C 85 0.29 0.98 1.76 0.35 0.489

0.385 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.524 Reclaimed Area 65 0.63 0.98 5.38 1.08 0.133

0.307 7.5
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Golden Queen Mining Company, LLC

Soledad Mountain Mine TABLE D:

SEDIMENT POND SIZING

Drainage Plan Update

September 2019

Company

Location

Project ID

Design Storm

2.64 in.

Subbasin

Area

(ac.)
Subarea Fraction, 

Aj Subarea Soil Group

Composite 

SCS Curve 

Number, CN

Infiltration Rate for 

Pervious Area(1), Fp
(in/hr)

Pervious Area 

Fraction(2), ap
(decimal)

Estimated Soil 

Capacity, S

(in)

Initial 

Abstraction, Ia
(in)

Subarea Yield 

Fraction, Yj
(in)

Subbasin 

Yield 

Fraction, Y

(in)

10‐year, 24‐

hour Volume

(acre‐ft)

Golden Queen

Soledad Mountain

GO01.19.06

10‐year, 24‐hour

N1 183.8 0.009 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.000 Undist. Desert Shrub, HSG B 77 0.43 0.98 2.99 0.60 0.314

0.000 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.956 Reclaimed Area 65 0.63 0.98 5.38 1.08 0.133

0.128 5.2

N2 129.0 0.029 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.085 Undist. Desert Shrub, HSG C 85 0.29 0.98 1.76 0.35 0.489

0.047 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.797 Reclaimed Area 65 0.63 0.98 5.38 1.08 0.133

0.178 5.0

E1 186.0 0.002 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.075 Undist. Desert Shrub, HSG C 85 0.29 0.98 1.76 0.35 0.489

0.230 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.625 Reclaimed Area 65 0.63 0.98 5.38 1.08 0.133

0.251 10.3

E2 165.8 0.126 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.000 Undist. Desert Shrub, HSG B 77 0.43 0.98 2.99 0.60 0.314

0.495 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.379 Reclaimed Area 65 0.63 0.98 5.38 1.08 0.133

0.346 12.6

SW1 340.3 0.069 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.023 Undist. Desert Shrub, HSG C 85 0.29 0.98 1.76 0.35 0.489

0.343 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.474 Reclaimed Area 65 0.63 0.98 5.38 1.08 0.133

0.277 20.7

S1 215.6 0.213 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.002 Undist. Desert Shrub, HSG C 85 0.29 0.98 1.76 0.35 0.489

0.675 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.110 Reclaimed Area 65 0.63 0.98 5.38 1.08 0.133

0.423 20.1

SE1 150.0 0.206 Undist. Desert Shrub, HSG A 63 0.66 0.98 5.87 1.17 0.111

0.000 Undist. Desert Shrub, HSG B 77 0.43 0.98 2.99 0.60 0.314

0.778 Undist. Desert Shrub, HSG D 88 0.24 0.98 1.36 0.27 0.569

0.016 Reclaimed Area 65 0.63 0.98 5.38 1.08 0.133

0.468 15.4
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Golden Queen Mining Company, LLC

Soledad Mountain Mine TABLE D:

SEDIMENT POND SIZING

Drainage Plan Update

September 2019

Company

Location

Project ID

Design Storm

2.64 in.

Subbasin

Area

(ac.)
Subarea Fraction, 

Aj Subarea Soil Group

Composite 

SCS Curve 

Number, CN

Infiltration Rate for 

Pervious Area(1), Fp
(in/hr)

Pervious Area 

Fraction(2), ap
(decimal)

Estimated Soil 

Capacity, S

(in)

Initial 

Abstraction, Ia
(in)

Subarea Yield 

Fraction, Yj
(in)

Subbasin 

Yield 

Fraction, Y

(in)

10‐year, 24‐

hour Volume

(acre‐ft)

Golden Queen

Soledad Mountain

GO01.19.06

10‐year, 24‐hour

                        

Notes:

(1) The infiltration rate for pervious areas (Fp) was determined using the graph in Figure C‐5 of the Kern County Hydrology Manual.

(2) Unless otherwise indicated, subbasins are assumed to contain 2% impervious area.

Calculation Summary:

Estimated Soil Capacity, S

Where: S = estimated soil capacity (in)

CN = composite SCS curve number

Initial Abstraction, Ia

Where: Ia = initial abstraction (in)

S = estimated soil capacity (in)

Storm Runoff Rield Fraction, Yj

Where: Yj = 24‐hour storm runoff yield fraction for subarea Aj

P24 = rainfall, 24‐hour (in)

Ia = initial abstraction (in)

S = estimated soil capacity (in)

Runoff Volume, V

Where: V = runoff volume (acre‐ft)

Y = area weighted yield fraction

A = subbasin area (ac.)

P = rainfall (in)

S
1000
CN 10

I 0.2S

Y
P I

P I S P

V A Y
P
12

GO01‐SoledadMtn‐RevisedDrainageCalcs‐d4.xlsx 15 www.sespeconsulting.com
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Attachment A  
 

Time of Concentration and Manning's Flow Coefficients 
   



Golden Queen Mining Company, LLC

Soledad Mountain Mine

REFERENCE A:

TIME OF CONCENTRATION AND MANNINGS FLOW COEFFICIENTS

Drainage Plan Update

September 2019

TR‐55 (1986)

Sheet Flow Travel Time (SCS Upland Method)

Where: Tt = travel time (hr)

n' = roughness coefficient

L = flow length (ft)

P2 = 2‐year storm depth (inches)

s = slope (ft/ft)

flow velocity = 

Flow Type Surface Type Roughness n Surface Description Short Description

A 0.011
Smooth surfaces (concrete, asphalt, gravel, bare 

soil)
Smooth

B 0.05 Fallow (no residue) Fallow

C 0.06 Cultivated soils: Residue cover <= 20% Cover<20%

D 0.17 Cultivated soils: Residue cover > 20% Cover>20%

G1 0.15 Grass:  Short grass prairie Short Grass

G2 0.24 Grass:  Dense grasses Dense Grass

G3 0.41 Grass: Bermuda grass Bermuda Grass

H 0.13 Range (natural) Range

I 0.4 Woods: Light underbrush Light woods

J 0.8 Woods: Heavy underbrush Heavy Woods

Shallow Concentrated Flow Velocity (SCS Upland Method)

Where: v = velocity (ft/sec)

m = roughness coeffiction

S = slope (ft/ft)

Flow Type Surface Type Roughness m Surface Description Short Description

P 20.3282 Paved Surfaces Paved

U 16.1345 Unpaved Surfaces Unpaved

Channel Flow Velocity (Manning Velocity)

Where: v = velocity (ft/sec)

n = roughness coefficient

Rh = hydraulic radius (ft)

S = slope (ft/ft)

Flow Type Lining Type

Manning n for 

Depth Channel Surface Short Description Maximum Velocity

Maximum Shear 

Stress

A 0.026 ACS ACS 25

C 0.024 Corrugated Steel Pipe  CSP 50

E 0.025 Earth‐lined Earth‐lined 3

G 0.035 Grass‐lined Grass‐lined 5

I 0.017 Ductile Iron Ductile Iron 50

M 0.045 Mountain Channel per Kern County Manual (1) Mountain Channel

Pl 0.012 Plastic Plastic 25

R 0.040 Riprap Riprap 15

T 0.035 Turf Reinf. Turf Reinf. 10 1.5

Z 0.060 Other Other 25

Notes:

(1) The Natural Mountain Channel section per Kern County Hydrology Manual was used for mountainside drainage paths.
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Attachment B 
 

Intensity‐Duration‐Frequency Curves 
   



Golden Queen Mining Company, LLC

Soledad Mountain Mine

REFERENCE B:

INTENSITY‐DURATION‐FREQUENCY CURVES

Drainage Plan Update

September 2019

log‐log slope 0.55

t (min) I  (in/hr) t (min) I  (in/hr) t (min) I  (in/hr)

5 3.76 5 2.64 5 2.04

10 2.57 10 1.80 10 1.39

15 2.05 15 1.44 15 1.11

20 1.75 20 1.23 20 0.95

25 1.55 25 1.09 25 0.84

30 1.40 30 0.98 30 0.76

35 1.29 35 0.90 35 0.70

40 1.20 40 0.84 40 0.65

45 1.12 45 0.79 45 0.61

50 1.06 50 0.74 50 0.57

55 1.00 55 0.70 55 0.55

60 0.96 60 0.67 60 0.52

120 0.65 120 0.46 120 0.36

180 0.52 180 0.37 180 0.28

360 0.36 360 0.25 360 0.19

Notes:

100‐yr I‐D 20‐yr I‐D
(1) 10‐yr I‐D

Source: NOAA Atlas 14, Volume 6, Version 2, Point Precipitation Frequency Estimates. Location: Mojave CA (Latitude: 34.9833°, Longitude: ‐118.192°)

(1) NOAA PFDS does not include a 20‐year reccurence interval, so data for the 25‐year recurrence interval was conservatively used.

y = 9.1064x‐0.5500

R² = 1.0000

y = 6.3878x‐0.5500

R² = 1.0000
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NOAA Atlas 14, Volume 6, Version 2
Location name: Mojave, California, USA*
Latitude: 34.9833°, Longitude: -118.192°

Elevation: 3912.64 ft**
* source: ESRI Maps

** source: USGS

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Sarah Dietz, Sarah Heim, Lillian Hiner, Kazungu Maitaria, Deborah Martin, Sandra Pavlovic,
Ishani Roy, Carl Trypaluk, Dale Unruh, Fenglin Yan, Michael Yekta, Tan Zhao, Geoffrey Bonnin, Daniel

Brewer, Li-Chuan Chen, Tye Parzybok, John Yarchoan

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min 0.073
(0.060‑0.089)

0.095
(0.078‑0.116)

0.127
(0.104‑0.156)

0.157
(0.128‑0.195)

0.203
(0.160‑0.260)

0.243
(0.187‑0.319)

0.289
(0.217‑0.388)

0.342
(0.250‑0.472)

0.443
(0.311‑0.637)

0.592
(0.402‑0.881)

10-min 0.105
(0.086‑0.128)

0.136
(0.112‑0.167)

0.182
(0.149‑0.224)

0.225
(0.183‑0.279)

0.291
(0.229‑0.373)

0.348
(0.269‑0.457)

0.414
(0.312‑0.556)

0.490
(0.359‑0.677)

0.635
(0.446‑0.914)

0.848
(0.576‑1.26)

15-min 0.126
(0.104‑0.155)

0.164
(0.135‑0.202)

0.220
(0.181‑0.271)

0.272
(0.221‑0.337)

0.351
(0.277‑0.451)

0.421
(0.325‑0.552)

0.501
(0.377‑0.672)

0.593
(0.434‑0.818)

0.768
(0.540‑1.11)

1.03
(0.696‑1.53)

30-min 0.171
(0.141‑0.210)

0.222
(0.183‑0.273)

0.298
(0.244‑0.367)

0.368
(0.299‑0.457)

0.475
(0.374‑0.610)

0.570
(0.440‑0.747)

0.678
(0.510‑0.910)

0.802
(0.587‑1.11)

1.04
(0.730‑1.50)

1.39
(0.942‑2.07)

60-min 0.242
(0.199‑0.297)

0.314
(0.258‑0.386)

0.421
(0.346‑0.519)

0.520
(0.423‑0.646)

0.672
(0.529‑0.863)

0.806
(0.622‑1.06)

0.958
(0.721‑1.29)

1.13
(0.830‑1.57)

1.47
(1.03‑2.11)

1.96
(1.33‑2.92)

2-hr 0.372
(0.307‑0.457)

0.473
(0.389‑0.581)

0.616
(0.506‑0.759)

0.742
(0.604‑0.922)

0.929
(0.731‑1.19)

1.09
(0.837‑1.42)

1.26
(0.945‑1.69)

1.45
(1.06‑2.00)

1.73
(1.21‑2.49)

1.97
(1.34‑2.93)

3-hr 0.468
(0.385‑0.574)

0.594
(0.488‑0.729)

0.769
(0.631‑0.947)

0.920
(0.749‑1.14)

1.14
(0.897‑1.46)

1.32
(1.02‑1.73)

1.51
(1.14‑2.03)

1.72
(1.26‑2.38)

2.03
(1.43‑2.92)

2.28
(1.55‑3.40)

6-hr 0.643
(0.529‑0.788)

0.828
(0.681‑1.02)

1.08
(0.886‑1.33)

1.29
(1.05‑1.60)

1.59
(1.25‑2.04)

1.82
(1.41‑2.39)

2.07
(1.56‑2.78)

2.33
(1.71‑3.22)

2.70
(1.90‑3.88)

3.00
(2.03‑4.46)

12-hr 0.803
(0.662‑0.986)

1.11
(0.913‑1.36)

1.51
(1.24‑1.86)

1.84
(1.50‑2.28)

2.28
(1.80‑2.93)

2.62
(2.02‑3.44)

2.97
(2.24‑3.99)

3.33
(2.44‑4.60)

3.83
(2.69‑5.50)

4.21
(2.86‑6.27)

24-hr 1.02
(0.903‑1.17)

1.50
(1.33‑1.73)

2.13
(1.88‑2.46)

2.64
(2.31‑3.07)

3.33
(2.82‑4.00)

3.85
(3.20‑4.74)

4.39
(3.55‑5.53)

4.93
(3.88‑6.40)

5.68
(4.28‑7.68)

6.26
(4.56‑8.76)

2-day 1.27
(1.13‑1.46)

1.83
(1.62‑2.10)

2.57
(2.28‑2.97)

3.20
(2.80‑3.72)

4.07
(3.45‑4.90)

4.77
(3.96‑5.86)

5.49
(4.44‑6.92)

6.25
(4.92‑8.11)

7.33
(5.53‑9.91)

8.19
(5.96‑11.5)

3-day 1.44
(1.28‑1.66)

2.03
(1.80‑2.34)

2.84
(2.51‑3.28)

3.53
(3.10‑4.11)

4.52
(3.83‑5.44)

5.31
(4.41‑6.53)

6.15
(4.98‑7.76)

7.06
(5.55‑9.15)

8.35
(6.30‑11.3)

9.40
(6.85‑13.2)

4-day 1.56
(1.38‑1.79)

2.18
(1.93‑2.51)

3.03
(2.68‑3.50)

3.76
(3.29‑4.37)

4.80
(4.07‑5.78)

5.65
(4.69‑6.94)

6.54
(5.30‑8.25)

7.51
(5.91‑9.74)

8.90
(6.71‑12.0)

10.0
(7.31‑14.0)

7-day 1.76
(1.56‑2.02)

2.44
(2.16‑2.81)

3.35
(2.97‑3.87)

4.13
(3.62‑4.80)

5.22
(4.43‑6.28)

6.10
(5.06‑7.50)

7.02
(5.69‑8.85)

8.01
(6.30‑10.4)

9.40
(7.09‑12.7)

10.5
(7.68‑14.8)

10-day 1.86
(1.65‑2.13)

2.57
(2.28‑2.95)

3.51
(3.10‑4.05)

4.30
(3.77‑5.00)

5.40
(4.58‑6.50)

6.28
(5.21‑7.72)

7.19
(5.82‑9.06)

8.16
(6.42‑10.6)

9.53
(7.19‑12.9)

10.6
(7.74‑14.9)

20-day 2.22
(1.97‑2.55)

3.07
(2.72‑3.53)

4.18
(3.70‑4.82)

5.10
(4.47‑5.94)

6.37
(5.40‑7.66)

7.36
(6.11‑9.05)

8.39
(6.79‑10.6)

9.47
(7.45‑12.3)

11.0
(8.29‑14.9)

12.2
(8.89‑17.1)

30-day 2.57
(2.28‑2.95)

3.56
(3.15‑4.09)

4.85
(4.28‑5.59)

5.90
(5.18‑6.87)

7.35
(6.23‑8.85)

8.49
(7.05‑10.4)

9.67
(7.83‑12.2)

10.9
(8.59‑14.2)

12.7
(9.55‑17.1)

14.1
(10.2‑19.7)

45-day 3.09
(2.74‑3.55)

4.28
(3.79‑4.92)

5.83
(5.15‑6.73)

7.10
(6.23‑8.27)

8.85
(7.50‑10.6)

10.2
(8.47‑12.6)

11.6
(9.41‑14.7)

13.1
(10.3‑17.0)

15.2
(11.5‑20.6)

16.9
(12.3‑23.7)

60-day 3.49
(3.10‑4.01)

4.80
(4.26‑5.52)

6.52
(5.76‑7.52)

7.93
(6.95‑9.22)

9.86
(8.36‑11.9)

11.4
(9.44‑14.0)

12.9
(10.5‑16.3)

14.6
(11.5‑19.0)

17.0
(12.8‑23.0)

18.9
(13.8‑26.5)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates
(for a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds
are not checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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1.0 INTRODUCTION 

Golden Queen Mining Co. , Inc. (GQM) is planning the development of an open pit, gold and silver mine, 

referred to as the Soledad Mountain Project (Project) in Kern County, California. The Project site is 

located approximately 5 miles (ff km) south of Mojave, California, and 2 miles (3.2 km) west of State 

Highway 14. Access to the Project site is from Silver Queen Road, which borders the northern portion of 

the property. 

GQM tasked Golder Associates Inc. (Golder) with development of a Site Drainage Plan to demonstrate 

that the Project complies with the applicable provisions of the Surface Mining and Reclamation Act 

(SMARA) with regards to drainage and erosion control [i.e., 2773(b)(4), 3503(a), (b), (d) & (e), & 3706]. 

1.1 Land Use - Conditional Use Permits 

The Kern County Planning Commission unanimously approved the Project at its regularly scheduled 

meeting in Bakersfield on April 8, 2010. All appeals that were subsequently filed against the Planning 

Commission's decision have been withdrawn and the decision made by the Planning Commission is now 

final. The Planning Commission certified the Supplemental Environmental Impact Report and adopted a 

Mitigation Measures Monitoring Program and Conditions of Approval for the Project (CUPs). The CUPs 

for the Project were amended by Kern County Planning Commission Resolution No. 171 -10 adopted on 

October 28, 2010. 

There are 114 conditions of approval and mitigation measures in the CUPs. 

The Bureau of Land Management (BLM) confirmed that its Record of Decision approving the Plan of 

Operations under National Environmental Policy Act in November 1997 remains valid. 

1.2 . Water Quality - Waste Discharge Requirements 

The Lahontan Regional Water Resources Control Board (Regional Board) unanimously approved Waste 

Discharge Requirements (WDRs) and a Monitoring and Reporting Program for the Project .at a public 

hearing held in South Lake Tahoe on July 14, 2010. The Board Order was subsequently signed by the 

Executive Officer of the Regional Board and is now in effect. 

Open pit mining and reclamation activities on site will be conducted in compliance with the conditions set 

in the CUPs and the WDRs. 

Since 2007, GQM has revised the overall mine development plan and facilities layouts to incorporate a 

three-stage construction of the Heap Leach Facility (HLF) and to address open pit backfilling 

requirements mandated by SMARA. Revision 1 to the Site Drainage Plan was submitted in January 2007 

and this included the design of a drainage channel between Silver Queen Road and the northern limits of 
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the Phase 1 heap leach pad and site facilities. Revision 2 of the Site Drainage Plan was submitted in 

February 2011 and this incorporated a Conditional Letter of Map Revision (CLOMR) that was submitted to 

Kern County Engineering, Surveying and Permit Services Department for approval. GQM held a number 

of meetings with the Department in early 2011 and it was apparent that Kern County could not form a 

Floodplain Maintenance District in reasonable time. GQM therefore decided to relocate certain facilities 

to avoid any incursion into the 100-year floodplain. This has necessitated a Revision 3 of the Site 

Drainage Plan. 

Revision 3 of the Site Drainage Plan is dated December 2011 and has been developed to meet the 

following design objectives: 

1. Set site drainage criteria for the Storm Water Pollution Prevention Plan (SWPPP) as 
follows: 

A. Zero discharge of runoff over mine process areas (heap leach pad [pad] and Merrill
Crowe Plant) resulting from precipitation events up to the 100-year design storm 
event 

B. Control of runoff from disturbed active, non-reclaimed, and reclaimed mining areas 
through sediment ponds designed for containment of runoff from the 10-year, 24-hour 
storm event and safe passage through the facilities of the 100-year peak runoff 

C. Diversion of runoff from undisturbed areas into adjacent drainages using Best 
Management Practices (BMP) to control erosion and scouring of the diversion ditches 
and receiving drainages 

2. Segregation of runoff from disturbed areas such as access roads, parking areas, and 
undisturbed areas to the extent practical. 

3. Temporary diversion ditches and channels capacity will be designed for the 20-yr peak 
runoff as well as erosion BMP. 

4. Routing of runoff from the waste rock management units into the open pits to the extent 
possible. 

5. All . runoff is routed either into the open pits or to sediment ponds on site such that no 
runoff diversion from the Project area occurs into areas outside the limits of disturbance. 
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2.0 SITE CONDITIONS 

3 043-2299D 

The Project is located in the historical Mojave Mining District. Soledad Mountain rises to an elevation of 

4, 150 ft (1,265 m) above mean sea level. The topography varies from steep (upwards of 70 percent 

slopes), rugged hillsides in the middle to upper elevations to a gently sloping desert floor around the toe 

of Soledad Mountain . Soledad Mountain is a silicic volcanic outcrop with minimal soil cover. Desert 

alluvium covers the base of Soledad Mountain and creates topography that is moderately sloped (10 to 

20 percent) near the bedrock contact and flattens to a gentler slope (less than 10 percent) towards the 

valley floor. Mining has occurred onsite since 1894 and a variety of mine adits, shafts, shallow pits, and . 

old mining structures that vary from wooden buildings to concrete foundations are present on the northern 

side of the property. Several historical tailings piles are also located within the boundary of the proposed 

Phase 1 heap leach pad. Runoff from storms flows within a shallow meandering natural drainage channel 

from west to east just south of Silver Queen Road. Figure 1A presents a topographic map of the existing 

onsite pre-mining drainage basins and the Approved Project Boundary. Figure 1 B presents a topographic 

map of the existing onsite and offsite drainage basins as they relate to the surface water runoff in the 

natural drainage channel. 

2.1 Rainfall 

The Project is located in an arid region typical of the western Mojave Desert. The area receives an 

average annual precipitation of about 6.3 inches (160 mm). The area has an evaporation loss potential of 

about 80 inches per year. Typical patterns of precipitation are winter rains and summer thunderstorms, 

which tend to be of short duration and high intensity. Runoff on the northern and western sides of 

Soledad Mountain is via a series of gullies or channels, which direct surface flows to the northwest, north, 

and northeast and eventually to the east to the Gloster and Chaffe Hydrologic Areas of the Antelope 

Hydrologic Unit (RWQCB Lahontan Region, 1994). Ephemeral drainages direct flow off Soledad 

Mountain in all directions. 

2.2 Existing Site Hydrologic Conditions 

A 100-year floodplain is identified along ·the northeast corner of the Project area on the Federal 

Emergency Management Agency (FEMA) Flood Insurance Rate Map (FIRM), which defines it as an 

approximate Zone A, as shown in Appendix B. This floodplain, as mapped by FEMA, is located within the 

natural drainage channel south of Silver Queen Road and ranges from approximately 150 to 550 feet in 

width extending from a point approximately 2, 100 feet west of the intersection of Holt Road and Silver 

Queen Road to the east of the Project boundary all the way to State Highway 14 where State Highway 14 

bisects the floodplain before it continues to the east of State Highway 14 as shown in Appendix B. 

There are no springs , seeps, or intermittent streams in the Project area. The closest intermittent stream 

is located approximately 3 miles (5 km) to the west. 
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Runoff rates for onsite and offsite basins that are tributary to the natural drainage channel are presented 

in the Soledad Mountain Hydrology Study by Rivertech Inc. (Appendix A). This work was performed to 

support the design of an engineered drainage channel and a culvert crossing for a permanent access to 

site. The engineered drainage channel has been eliminated as GQM has relocated certain Project 

facilities to avoid incursion into the 100-year floodplain and the culvert crossing has been replaced by a 

dip crossing that has been designed to avoid any changes to the hydraulic properties of the 100-year 

floodplain, as agreed to by the Kern County Engineering, Surveying and Permit Services Department. 

In addition to the Hydrology Study that was prepared by Rivertech Inc. to address watersheds tributary to 

the drainage channel, Golder calculated the existing hydrology for all onsite watersheds including those 

that drain to the west and to the east. The existing hydrology was used as the pre-mining condition to be 

used as a comparison with the post-mining hydrology. The pre-mining, post-mining, and Phase 1, Stage 

1 runoff rates were calculated using the Kern County Rational Method procedure and are presented in 

Section 4.0 with the calculation included in Appendix C. 

2.3 Soil Types and Runoff Curve Numbers 

Existing soil types for the site were taken from the Soil Survey for Kern County, California, Southeastern 

part based on National Resources Conservation Service (NRCS) web survey data (NRCS, 2006) and TR-

55 tables (NRCS, 1986). Table 1 presents the hydrologic soil groups (HSG) for the Project site and 

surrounding areas and their respective Soil Conservation Service (SCS) curve numbers (CN). Ground 

cover is minimal with desert grasses and bushes. 

Table 1 Project Soil Types and Runoff Curve Numbers 

Location Soil Type Description for CN CN 

Steep Mountainous Areas Torriorthents - rock outcrop Desert Shrub, poor condition, 88 
complex, very steep HSGD 

Flatter sloped areas near Arizo gravelly loamy sand Desert Shrub, poor condition, 63 
proposed pad HSGA 

Areas between road and Garlock loamy sand Desert Shrub, poor condition, 77 
roadside channel HSG B 
Area between road and Rosamond clay loam Desert Shrub, poor condition 85 
western edge of Project HSGC 

Reclaimed Heap Growth Media Gravel HSG A 65 
Waste Rock Overburden, Tops Waste Rock Porous Rock Material, HSG A 77 
Waste Rock Overburden, Waste Rock Porous Rock Material, HSG A 70 
Outslopes 
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3.0 PROJECT DESCRIPTION 

Open pit mining and heap leach facility operation as presently defined is approximately one year of 

construction, twelve years of mining (Phase 1 through Phase 8), thirteen years of leaching for the 

production of gold and silver (which overlaps with the twelve years of mining), and a further two years of 

rinsing and draindown. Crushed and agglomerated ore will be leached on two permanent, single-use 

heap leach pads, viz. the Phase 1 pad and the Phase 2 pad along the northern and western base slopes 

of Soledad Mountain. Waste rock will be disposed of in a number of waste rock management units. 

Development of the Project will require construction of access roads, workshop-warehouse, crushing

screening plant, Merrill-Crowe plant and assay laboratory, the heap leach pads and associated solution 

management facilities, also referred to as the HLF. At the initial phase of development, designated as 

Phase 1/Stage 1, the buildout will include the Stage 1 portion of the Phase 1 pad, development of th.e site 

infrastructure noted above, and mining of the North-West pit and a temporary waste rock stockpile. 

Figure 2 presents the drainage basin delineation and the Stage 1 surface water, erosion, and control plan 

at the Phase 1 /Stage 1 phase of development. 

Figure 3 presents the post-mining configuration after the 8 phases of mining mentioned above. This 

configuration assumes that processing and sale of waste rock as aggregate has continued until the 

stockpile of quality waste rock has been exhausted and that leached and rinsed residues on the Phase 1 

and Phase 2 heap leach pads have been reclaimed to within approximately 25 feet of existing ground 

surface in compliance with the reclamation requirements set in the CUPs. The access roads and 

sediment ponds as shown in Figure 3 would remain to provide surface water and erosion controls for the 

post-mining condition. 
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4.0 PRE-MINING, PHASE 1/STAGE 1 AND POST-MINING HYDROLOGY 

The Site Drainage Plan was developed as a guide for management of site drainage, sediment, and 

erosion controls during operations and for the post-mining conditions. The. pre-mining (existing) site 

conditions are based on existing ground topography provided by Triathlon, 2004 with a detailed ground 

survey of the natural drainage channel adjacent to Silver Queen Road provided by DeWalt Corporation in 

2007. The Phase 1/Stage 1 and post-mining site conditions are based on the site facilities developed by 

Golder for the heap leach pads, the mine plan, waste rock management units, access roads developed by 

GQM and an Approved Project Boundary. 

The contributing watersheds for the diversion ditches in the plant area and heap leach pad areas will be 

changing frequently over the life of the mine. This is due to the phased development of the two pads and 

open pits. The Site Drainage Plans have been developed based upon an analysis of a number of 

watersheds at the pre-mining, Phase 1/Stage 1, and post-mining periods. To account for the changing 

watershed configuration on site during operations, design criteria are provided to evaluate intermediate 

runoff control and diversion requirements on an ongoing basis as conditions change throughout the life of 

mine. The sediment ponds have been sized based on the larger of two possible pond sizes required for 

either the Phase 1/Stage 1 (Figure 2) or post-mining configuration (Figure 3). Therefore, interim facilities 

will be limited to select BMP and diversion ditch relocations as the Project develops from the 

Phase 1/Stage 1 configuration to the post-mining configuration. 

The pre-mining site model was divided into seven (7) drainage basins as shown in Figure 1A. Peak 

runoffs resulting from the 20-year and 100-year storm events are shown for each of the drainage basins. 

The post-mining site configuration was divided into seven (7) drainage basins shown in Figure 3. The 

facilities layout developed by Golder and grading provided by GQM, were used to delineate the basins 

expected to contribute runoff to the west and north side of the Approved Project Boundary. 

The post-mining basins were delineated assuming diversion channels are constructed around the 

Phase 1 and Phase 2 heap leach pads as planned with additional diversion required on the east side of 

the property from the active aggregate processing area. Runoff flows from areas along the eastern part 

of the site (i.e., backfilled open pits and the waste rock storage and aggregate processing area) will be 

routed via diversion channels to the east side of the site. Runoff from the aggregate processing area and 

reclaimed waste rock storage pad in Basin E2, an area of 223 acres, will be directed to a 17.0 acre-feet 

pond on the east side of the Project. Zero-discharge requirements for the site will be maintained during 

operations and the post-mining period. 

Runoff CN values were assigned to each basin based on a soil survey of the site (NRCS, 2006) and TR-

55 tables (NRCS, 1986). NOAA Atlas 14 Precipitation-Frequency estimates were used to determine the 

precipitation for the 100-year, one-hour point rainfall and the 20-year, one-hour point rainfall which were 
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used to determine the Intensity-Duration Curves used in the Rational Method (see Appendix C). For each 

basin, the .longest flow path was identified and the time of concentration (Tc) was calculated (Appendix 

C). The times of concentration, basin areas, and composite CN values were used with the Kern County 

Rational Method to determine the pre- and post-mining peak runoff. 

4.1 Criteria for Rational Method Hydrology 

The following criteria were selected for the Kern County Rational Method for the site: 

4.2 

• Precipitation for the storm events was obtained from NOAA Atlas 14 (NOAA, 2006). 

• 100-year, one-tiour point rainfall of 1.13 inches along with a slope of 0.55 on a log-log 
graph was used to determine Intensity-Duration Curve used in the Rational Method for 
100-year peak runoff. 

• 20-year, one-hour point rainfall of 0.74 inches along with a slope of 0.55 on a log-log 
graph was used to determine Intensity-Duration Curve used in the Rational Method for 
erosipn control facilities. 

• 10-year, 24-hour point rainfall of 2.28 inches was used for sediment pond volume 
calculations based on basin yield per Kern County procedure. 

• Runoff CN values from Table 1. 

• Sheet flow occurs for a maximum of 100 feet. 

• The Tc calculations are separated by lengths of similar slope and assumed channel 
geometries. 

• The assumed roughness coefficients for Tc calculations are detailed in Appendix C. 

Peak Flow Estimates 

Basins were delineated and runoff CN values assigned to the various vegetative covers as presented in 

Appendix C. Times of concentration were calculated using TR-55 methodology. Peak flows for all basins 

were estimated using the Kern County Rational Method using the basin areas, CN values, and times of 

concentration; the resulting values are shown on Table 2 and in Appendix C. 

Table 2 Project Peak Flow Summary 

Pre-Mining Pre-Mining 
Pre-Mining 

Post-Mining Post-Mining 
Post-Mining 

Ba&in ID Basin Area 
Composite 

Peak Runoff 
Peak 

Basin Arca Composite Peak Runoff 
Peak 

(acres) 
CN 

a20 (cfs) Runoff Q100 (acres) CN 
Q20 (cfs) Runoff Q100 

(cfs) (cfs) 

W1 241 .7 79 266.9 481 .6 228.2 72 150.6 307.8 

NW1 48.9 77 75.2 131 .9 52.0 72 72.6 131.2 

NW2 206.1 76 217.5 401 .6 143.8 80 127.9 237.0 
N1 226.0 72 228.2 429.8 177.4 65 140.1 277.9 

N2 64.1 81 72.3 128.3 138.2 78 163.1 292.2 

E1 291 .7 85 380.1 653.0 100.2 82 123.1 214.0 

E2 325.3 80 372.3 666.8 222.6 82 306.9 524.9 
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5.0 SITE-WIDE STORM WATER CONTROLS 

This section presents a discussion of the design of storm water runoff and erosion controls across the 

site. The various planned diversion and retention structures required to meet the design objectives are 

described in the following subsections. The storage volumes of the sediment ponds were based on the 

10-year/24-hour storm event as determined using the Kern County Hydrology Manual methodology. 

5.1 Runoff and Erosion Controls 

The main storm water channels will be designed to safely pass the estimated 100-year peak flow with 

erosion control BMPs designed for the 20-year, one-hour intensity storm event per Surface Mining and 

Reclamation Act (SMARA) regulations. Peak flow for diversion channels (ditches) will be estimated using 

the 20-year, one-hour intensity storm event and the rational method per the Kern County Hydrology 

Manual; channel flow depths and velocities were evaluated with the Manning's equation. A 6-inc.h (150 

mm) freeboard is provided for all channels as required by Kern County Development Standards. 

California Title 27 regulations require that storm water channels around the Class B and Class C mine 

waste facilities (i.e., the heap leach pad, overflow pond, and waste rock disposal areas) be designed for 

the 10-year, 24-hour peak flow and this will also be evaluated during final design of storm water channels. 

The general locations of the channels are shown in Figure 2 for the Phase 1/Stage 1 configuration and 

Figure 3 for the post-mining (reclaimed) conditions. Typical sediment pond details and a typical channel 

section are shown in Figure 2. 

The natural drainage channel located between the Phase 1 heap leach pad and Silver Queen Road will 

remain unchanged to receive flows from the south and the west. Smaller and temporary drainage ditches 

and maintenance activities will be completed as part of ongoing mine operations. The conceptual 

channel designs included herein will be verified prior to and during operations as the contributing 

watersheds change. The designs will be completed in general accordance with the design criteria and 

typical details provided in this Site Drainage Plan. 

Erosion control will primarily be provided by placing riprap in key areas. Large quantities of waste rock 

suitable for riprap will be available once mining begins. Sediment will be managed through BMP 

alternatives such as placing rock check dams in the collection channels at select locations. Through 

experience in development and implementation of BMPs, it is recommended that actual locations and 

details for BMP installations be determined at the time of construction rather than presented in detail in 

current design and construction drawings. Therefore, only typical details and approximate locations are 

presented in the figures. 

5.2 Sediment Pond Design 

Sediment ponds are based on the 1 O-year/24-hour design storm runoff volumes as shown on Figure 2 

and Figure 3, for the Phase 1/Stage 1 and the post-mining conditions, respectively. Ponds are required in 
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Basins W1, NW2, L 1, N2, and E1 for the Phase 1, Stage 1 condition. The post-mining scenario requires 

sediment ponds in Basins NW2, N2, E1, and E2. Basin NW1 in the Phase 1, Stage 1 scenario and post

mining scenario will have runoff diverted to B~sin NW2 where it will be collected in the pond for Basin 

NW2. This pond will be sized to adequately contain runoff from both basins. The pond locations and 

estimated required capacities are summarized in Table 3. 

Table 3 Sediment Pond Summary 

Pond Required 

1.0. Location Volume Based on Layout 
(acre-feet) 

W1 Southwest corner of Phase 2 pad 15.7 Phase 1/Stage 1 HLF operations 
NW2 West side of Silver Queen Road, 11.9 Phase 1/Stage 1 HLF operations and 

adjacent to the northwest corner of post-mining condition 
Phase 2 pad (Contains runoff volume 
from Basin NW1 in Phase 1, Stage 1 
scenario) 

L1 Northeast corner of Phase 1 pad 1.8 Phase 1/Stage 1 HLF operations 
N2 Northeast corner of the site 12.4 Phase 1/Stage 1 HLF operations and 

post-mining condition 
E1 East side of the site 9.5 Phase 1/Stage 1 HLF operations and 

post-mining condition 
E2 Southeast side of the site 17.0 Post-mining condition 

All runoff from disturbed areas will be diverted directly into the sediment ponds. As mining operations 

progress, temporary sediment ponds rriay be required . Requirements and locations for such ponds will 

be determined as part of the ongoing mine design and operation. 

Final configuration of the sediment ponds will incorporate a combination of excavation and fill in order to 

meet the required capacity. An emergency spillway will be sized to pass the peak flow of the 100-year 

storm in the event of a major storm occurring while ponds are full or the outlet is clogged. The 

embankment design will have a configuration of 2H:1V upstream and downstream slopes with a 15-foot 

wide access road along the crest. The embankments will also be engineered and designed to current 

applicable standards and sized to be classified as non-jurisdictional dams under the California 

Department of Water Resources Dam Safety Division's statutes. 

Runoff from non-contact, disturbed, and reclaimed areas will be dissipated through evaporation, through 

use in dust control, or through controlled release as allowed under the SWPPP and NPDES permits. 

Sediment will be removed as necessary to maintain the design storage capacity and disposed of in a 

waste rock management unit in a manner that does not cause a release or affect the stability of any 

slope. Storm water flow from large storms or successive storms that exceed the required design capacity 

will be routed through the sediment ponds via an emergency spillway protected with riprap. Four 
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sediment ponds identified in Table 3 (W1, NW2, N2, and E1) will remain active through the life of the 

mine. Pond L 1 is an intermediate pond, and will be removed during completion of Stage 2 of the Phase 1 

heap leach pad. Sediment pond W1 will be decommissioned in conjunction with the post-mining 

reclamation and closure activities. Sediment ponds NW2, N2, E1, and E2 will be required after actual 

mining has ended. 

5.3 Processing and Support Facilities 

The layout and drainage associated with the workshop-warehouse, Merrill-Crowe plant, crushing

screening plan, and laboratory are shown in Figure 3, the Post-Mining Drainage Plan. Runoff from areas 

around facilities such as the workshop-warehouse, Merrill-Crowe plant, crushing-screening plant, and 

assay laboratory will be collected within each facility boundary and then routed via surface water channels 

to sediment ponds. Further, runoff from other areas up gradient of the Phase 1 heap leach pad will be 

collected in ditches and routed both east and west along the southern side of the overland conveyor route 

and thus around the perimeter of the pad. 

Detailed designs for spill control and containment of potential release of contaminants from the production 

facilities are not included in the Site Drainage Plan. A site-specific Spill Prevention, Control and 

Countermeasures Plan (SPCC Plan) will be prepared prior to the start of operations. The SPCC Plan will 

contain details specific to each operating facility, for example the Merrill-Crowe plant. The following 

details will be incorporated in the final designs to meet relevant local and state code requirements: 

1. The fuel storage tanks will be double-walled tanks and any spills will be contained in an 
approved receptacle. 

2. Solvents, waste oil, contaminated fuel and other similar residues from the workshop will 
be collected in a waste oil tank located in the immediate vicinity of the workshop and will 
be recycled as required . 

3. The residues from the equipment wash slab will be strained and stored in a concrete tank 
that is part of the wash slab. Residues that accumulate will be disposed of in an 
approved manner. 

4. Precipitation falling in the area of the heavy equipment ready-line will be contained in the 
immediate area. 

5. The laboratory has been designed as a self-contained and fully enclosed facility with no 
discharge. 

6. Provision has been made in the design of the Merrill-Crowe plant for containment of 
spills. The liner under the plant will be seamlessly connected to the overflow pond liner 
for containment in case of a spill. 

7. Sodium cyanide used in the heap leach process, will be delivered as a 30% aqueous 
solution with a pH of 12.5 in a tanker truck directly from the producer's plant in Nevada. 
The contained weight of sodium cyanide wil l be approximately 15,000 lb per load. The 
cyanide solution will be transferred to a 20,000-gallon storage tank on site. The producer 
will supply and install a complete handling and fully protected storage system and this will 
include telemetry for a managed inventory. 
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8. Domestic waste such as the waste from the offices and lunchrooms will be collected and 
removed by the local contractor charged with cleaning the offices, the first aid station and 
the toilet facilities both during construction and once the mine is in production. 

5.4 Access Roads 

The paved access road to the 3025-foot level, also known as New Eagle Road, will be used for immediate 

access during construction. New Eagle Road will be vacated once production starts and prior to 

construction of the Phase 1 /Stage 2 heap leach pad. 

A new access road has been designed as shown in Figure 2. The overland conveyor will follow the same 

alignment along the southern edge of the Phase 1 heap leach pad. Provision has been made for 

drainage ditches along the eastern side of the access road and the southern side of the overland 

conveyor route and thus route runoff around the perimeter of the Phase 1 heap leach pad. 

GQM is required to construct a left-hand turning lane onto the new access road off Silver Queen Road. 

The detailed design of the intersection of the access road and Silver Queen Road has been completed by 

T.J. Cross Engineers, Inc., Bakersfield and submitted to the Kern County Road Department for approval. 

The new access road will use a dip crossing to cross the existing natural drainage channel approximately 

1,000 feet east of where Gold Town Road intersects Silver Queen Road. This type of crossing was 

approved by the Kern County Engineering, Surveying and Permit Services Department in 201 1. Since 

the sediment ponds will be constructed to capture all runoff from the site once construction begins, peak 

flow rate in the drainage channel will likely decrease during the first phase of mining. 

5.5 Heap Leach Facility 

The HLF consists of the Phase 1 heap leach pad, lined solution conveyance channel, pump box and 

overflow pond. The HLF has been designed as a zero-discharge facility and precipitation, which falls on 

components of the HLF will be fully contained within the limits of the lined facility. Excess solutions will be 

collected in the overflow pond and returned to the heap." 

Golder has completed an evaluation of solution management within the limits of the HLF as part of a 

Revised Geotechnical Design that will he inr.lurlP.rl in thP. urrt::itP.rl RP.rort of W;:i$te ni$Gh8rge. thClt is 

currently being prepared and that will be submitted to the Regional Board in early 2012. 

5.6 Waste Rock Management 

The approach adopted for waste rock management allows for sequential backfilling of mined-out phases 

of the open pits. The following are basic considerations: 

• Use waste rock to construct a level pad suitable for stockpiling quality waste rock to 
support the processing and sale of aggregate by a sub-contractor. 
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• Maximize backfill in mined-out phases of the open pit with a minimum of double handling 
of waste rock at the end of the mine life. 

• Minimize re-sloping required for closure and reclamation by using appropriate techniques 
to build the waste rock management units. 

Closing reclamation will be done as per the approved Surface Mining and Reclamation Plan, which is 

designed to return the site to a post-mining land use similar to the pre-mining land use, which includes 

future mining, wildlife habitat and open space. 

Backfill in the mined-out phases of the open pit will typically consist of end-dumped and therefore loose, 

coarse waste rock. The crests of the backfilled waste rock will be reworked with a dozer to eliminate 

straight lines so they blend with the natural topography. The backfill will be recontoured to 2H: 1V or 

approximately 27°. The contouring is designed to provide stable surfaces and to control and minimize 

erosion. Similar dozing patterns, such as those planned, have been used successfully at other heap 

leach operations in the California deserts. This approach, referred to as micro-contouring, creates micro

basins and results in features that trap moisture and seeds. Growth media will be spread as required in 

the lower parts of the micro-basins to create garden spots. The prepared areas will provide a suitable 

texture for desert plants and will be seeded with either a commercial seed mix or seed that has been 

collected and stored on site. 

Revegetation will provide longer-term stability, reduce visual contrasts, and provide wildlife habitat. 

The steep slopes in the open pits that are not covered by backfilled waste rock will not be recla imed. 

It is expected that processing and sale of aggregate will continue on site for 30 years or until the stockpile 

of quality waste rock has been exhausted. The East Waste Rock Storage and Aggregate Production 

Pad, located on the eastern flank of Soledad Mountain, will be constructed from waste rock to 

accommodate the aggregate production facilities. 

5. 7 East Waste Rock Storage and Aggregate Production Pad 

Runoff from the East Waste Rock Storage and Aggregate Production Pad is currently projected to be 

diverted in surface water ditches and routed to the sediment pond located east of and below the pad. 

1:104122990 1040010410 SOP Rev410432299D RPT-FNL SiteDrainagePlan Rev4 08MAR12.docx 

(/I Golder 
.Associates 



1 
1 
1 
1 
1 
l 
l 

J 

1 

J 

J 
J 
j 

J 

March 2012 13 043-2299D 

6.0 CONDITIONAL USE PERMIT CONDITIONS 

The following are conditions in. the CUPs that specifically address site drainage and erosion control: 

• (13) 1997 FEIR/EIS MM #9 

Site drainage will be inspected periodically to ensure that excessive erosion is not 
occurring. In the event excessive erosion is identified, the drainage plan will be revised in 
consultation with Kern County Planning Department. 

• (14) 1997 FEIR/EIS MM #10 

Additional erosion prevention techniques include: 

• Site drainage will be retained on site 

• Site roads and drainages will be inspected by GQM personnel after rainfall events, 
which result in surface flow to ensure erosion prevention is maintained and upgraded 
as needed 

• Drainage from the tops of overburden piles will be directed away from the slopes 
towards the pit 

• Salvaged growth media will be stockpiled away from areas of concentrated drainage 

• Reclamation of disturbed areas will occur as soon as possible 

• (91) MM 4.1 -1 

Prior to commencement of mining operations or issuance of building or grading permits, 
the project proponent shall demonstrate the project's adherence with the Kern County 
Floodplain Management Ordinance and applicable Standards and Title 44 of the Code of 
Federal Regulations, Section 65.10 of the National Flood Insurance Program regulations. 
Compliance with this measure will necessitate that the project's design be recognized as 
providing protection from the base flood and the following maintenance criteria: 

• Levee systems must be maintained in accordance with an officially adopted 
maintenance plan, and a copy of this plan must be provided to Federal Emergency 
Management Agency by the owner of the levee system when recognition is being 
sought or when the plan for a previously recognized system is revised in any manner. 

• All maintenance activities must be under the jurisdiction of a Federal or State agency, 
an agency created by Federal or State law, or an agency of a community 
participating in the National Flood Insurance Program that must assume ultimate 
responsibility for maintenance. 

• The maintenance plan must document the formal procedure that ensures that the 
stability, height, and overall integrity of the levee and its associated structures and 
systems are maintained. 

• At a minimum, the maintenance plan shall specify the maintenance activities to be 
performed, the frequency of their performance, and the person by name or title 
responsible for their performance. 

• Should the project proponent be unable to obtain the requisite public maintenance 
entity or maintenance plan approval from the Federal Emergency Management 
Agency, the approved surface mining and reclamation plan shall be amended to 
eliminate the project's encroachment into the 100-year floodplain in accordance with 
the applicable provisions of the Surface Mining and Reclamation Act of 1975. 
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7 .0 FLOOD HAZARD EVALUATION 

Hydrologic calculations were prepared in accordance with the Kern County Hydrology Manual. Due to the 

relatively small sizes of the individual onsite basins, the Rational Method as set forth in the Kern County 

Hydrology Manual was utilized for the peak discharge and runoff volume calculations. For the existing 

natural drainage channel , which collects runoff from the much larger combined offsite and onsite basins 

and meanders through the floodplain, the unit hydrograph method prescribed in the Kern County 

Hydrology Manual was applied. Hydrologic calculations for the contributing onsite and offsite basins are 

presented in the Soledad Mountain Hydrology Study prepared by Rivertech, Inc. (Appendix A) and this 

has not changed since submittal of the previous Site Drainage Plan. 

7.1 Off-Site Contribution to Drainage 

Storm water discharge from a large offsite drainage area located to north and west of Silver Queen Road 

is primarily conveyed through two sets of two culverts under Silver Queen Road that are located 

approximately 3,000 feet west of Gold Town Road and just beside Gold Town Road, respectively. Storm 

water also flows across Silver Queen Road to the west where Silver Queen Road turns into Mojave 

Tropico Road . The offsite area is comprised of approximately 1,636 acres (2.56 square miles) of mostly 

undeveloped land and is the larger of two contributing areas to flows in the existing natural drainage 

channel. In existing conditions, the 1,636-acre offsite area is estimated to contribute approximately 808 

cubic feet per second (cfs) to the two sets of culverts referred to above. The estimated contribution to the 

drainage channel from the 510-acre basin area in which the Project is located is estimated to be 

approximately 826 cfs for a combined discharge of 1,226 cfs after routing and summing the offsite and 

onsite hydrographs. Assuming a fully developed offsite basin, defined by the Kern County General Plan 

and Zoning Map, it is estimated that the offsite area will contribute approximately 953 cfs and the onsite 

area will contribute 826 cfs assuming the onsite basins are returned to at least the existing curve numbers 

upon closure. The routed and summed hydrographs result with a combined discharge of approximately 

1,362 cfs. The offsite hydrology is presented in the Soledad Mountain Hydrology Study prepared by 

Rivertech Inc. (Appendix A). 

7.2 Existing 100-Year Floodplain 

The floodplain is described here only to ensure that its existence is recognized. 

None of the Project facilities encroach into the 100-year floodplain as currently mapped on FEMA FIRM 

Panel 06029C3675E (revised September 26, 2008) and as presented in Appendix B. It should be noted 

that the floodplain extends a distance of approximately 2,200 feet to the west of Gold Town Road. The 

Zone A, special flood hazard area designation applies to areas that may be affected by the 100-year flood 

but at locations mapped by FEMA where the base flood elevations and flood hazard factors have not yet 

been determined by a detailed hydraulic analysis. 
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8.0 IMPACTS TO THE 100-YEAR FLOODPLAIN FROM DEVELOPMENT 

8.1 Existing Natural Drainage Channel 

The existing 100-year, 3-hour peak storm discharge is estimated to be about 1,265 cfs, from both the 

offsite and onsite areas that are approximately 1,636 acres and 510 acres in size. As required by Kern 

County Development Standards, other unit hydrograph durations, including 1-hour and 6-hours were used 

to generate hydrographs for comparison. It was confirmed that the highest peak discharge of the various 

durations is generated by the 3-hour hydrograph. 

No construction is now planned within the existing natural drainage channel. It is expected that the 

existing natural drainage channel will see reduced peak flow rates and reduced average flows during the 

operating timeframe of the mine due to construction of the HLF and other facilities on site south of the 

drainage channel. 

8.2 New Mine Access Road Dip-Crossing · 

The new mine access road will cross the existing natural drainage channel and the Zone A 100-year 

floodplain approximately 1,000 feet east of where Gold Town Road intersects Silver Queen Road, as 

shown in Figure 2. A dip-crossing has been designed to minimize impacts on the 100-year floodplain and 

the previous design, which included a series of culverts, has been replaced. The dip-crossing was 

approved by the Kern County Engineering , Surveying and Permit Services Department in 2011. The 

design of the dip-crossing was done by Fielden Engineering Group, Lancaster and has been submitted to 

the Kern County Roads Department for approval. 
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9.0 POST-MINING "WHAT-IF" SCENARIO 

As revised on October 28, 2010 (Planning Commission Resolution No. 171-10), Condition 107 of the 

Surface Mining and Reclamation Plan (the "Approved Plan") for the Project requires that, prior to 

commencement of mining activities, GQM must submit certain information for incorporation into the 

Approved Plan. One requirement was to provide revised maps and cross sections that represent a 

mining scenario in which no material is transported off site with reclamation completed in accordance with 

California Code of Regulations Title 14, Section 3704.1. GQM has prepared such a plan which has been 

provided to the Kern County Planning Department to address this scenario and that has been referred to 

as the "What-If' Scenario. 

In support of the "What-If' Scenario, Golder prepared a hydrologic analysis and calculation package to 

provide verification that the surface water drainage plans and erosion control will comply with Title 14, 

Article 9, Section 3706. The supporting hydrologic calculations are presented in Appendix D. Figure 4 

presents an overview of the Post-Mining Drainage Plan showing the subbasin delineations and peak 

flows for'the 20-year, 1-hour intensity storm event. Should the "What-If' scenario be realized, GQM would 

complete and provide detailed designs for the surface water diversions and erosion control features 

required as part of a final reclamation plan using these peak flows as the basis for that design. 
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10.0 USE OF THIS REPORT 

This Site Drainage Plan has been prepared exclusively for the use of GQM for the specific application to 

the Project. The engineering analyses reported herein were performed in accordance with accepted 

engineering practices. 

Golder appreciates the opportunity to support GQM on the Project. Please contact the undersigned for 

additional information or clarification regarding the contents of this report. 

Respectfully submitted, . 

GOLDER ASSOCIATES INC. 

~¥· 
Senior Hydrologist 

~ Brent R. Bronson, P.E. 
Principal 

T A/REK/BRB/rjg 

Richard E. Kiel, P.E. 
Associate 
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Introduction 

Soledad Mountain, Hydrology Study 
September 2009 

Golden Queen Mining Co., Ltd. (GQM) is planning the development of a gold/silver mine 
referred to as the Soledad Mountain Project (Project) in Kem County, California. The project 
site is located approximately 5 miles south-southwest of the City of Mojave, California and 2 
miles west of State Highway 14, as shown in Figure 1. The on-site and off-site drainage areas of 
the project site is approximately 510 acres (0.80 mi2

) and 1,636 acres (2.56 mi2
), respectively. 

Figure 1. Vicinity Map of Project Sitei. 

The objective of this study is to perform the hydrologic analysis to meet the criteria of the Kem 
County Department of Public Works.ii The design storm modeled in this study is the 100-year event. 
Much of the on-site data was pbtained from the Golder Site Drainage Plan.iii 

Watershed Characteristics 

The total watershed drainage area that drains at the site outlet is 3.35 rrii2
• The hydrology map that 

illustrates the drainage divides is provided as an attached exhibit. Table 1 summarizes the watershed 
delineation into smaller sub-areas. The ultimate scenario CN is an assumed value in the absence of a 
master drainage plan or other local agency guidance. 

The off-site watershed is a partially-developed, predominantly natural condition desert valley. Some 
of the watershed characteristics are shown in Table 1. The terrain is a flat valley. These parameters 
were applied in the hydrology model. 

Two sources were considered for characterizing ultimate condition: the Kern County General Plan 
and Zoning Mapiv. A comparison of land uses revealed that both were consistent for the project 
watershed. Using these sources, the weighted curve number is 70 for the off-site area. The detailed 
watershed is exhibited in Appendix A. 
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Table 1. Watershed Parameters 

Basin Drainage Length Slope Lag Time SCSSoil 
Area (ac) (ft) (ft/ft) tLag (hr) Typev 

Soledad Mountain, Hydrology Study 
September 2009 

lsohyet SCS Curve No., CN 

100-yrii(in) Existing Ultimate 

Off-Site 1,636 24,914 0.0155 1.02 B 3.75 66 70 

On-Site 510 5,500 0.01-0.21 0.22 A,B,C,D 3.75 80 80 

The intensity-duration-frequency (IDF) curve and effective rainfall hyetograph are plotted in 
Figures 2 and 3, respectively. The soils map and properties is exhibited in Appendix B. The 
precipitation frequency data is exhibited in Appendix C. 
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Figure 3. 100-year, 3-hour effective rainfall hyetograph.vii 

Losses 

Losses were estimated using the loss rate model prescribed in the Kem County Hydrology 
Manual. Table 2 summarizes the loss rate model parameters for the project watershed. 

Table 2. Loss Rate Model Parameters. 
-

Land Use Fp (in/hr) ap Fm (in/hr) CN s y y 

Existing 0.62 1.0 0.62 66 5.15 0.244 0.756 
Ultimate (On-Site) 0.38 0.90 0.34 80 2.50 0.483 0.517 
Ultimate (Off-Site) 0.55 0.75 0.41 70 4.29 0.304 0.696 
Where: Fp = pervious area infiltration rate; ap = pervious.fraction; F,,. =maximum loss rate; S =maximum potential retenlion; Y = 24-hour 

yield; Y = low /on fraction 

More detailed data is exhibited in the Appendix D. 

Lag Time 

Using the provided site data and using the Kem County hydrology methodology, lag times, T1ag. 
of 1.0 and 0.5 hours were calculated for the off-site and on-site drainage basins, respectively: 

-(LL )0

·

38 

T Lag = 24n so~a 

where: L =drainage length (mi); Lea= drainage length from basin centroid (mi); n =visually 
estimated basin factor of all collections streams and watershed channels; and S =basin slope 
(ft/mi). 
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Hydrology Model 

Soledad Mountain, Hydrology Study 
September 2009 

Figure 4 is the hydrology map that illustrates the hydrologic model, whose digital terrain model 
(DTM), was generated using the Watershed Modeling System (WMS). viii Using the WMS GIS 
interface, we downloaded the USGS digital elevation model (DEM)1x shown in Figure 4, and 
determined the watershed delineation. Figure 4 also .has the USGS quadrangle scanned image 
layer.x The on-site watershed was delineated in a prior study. The watershed characteristics, 
drainage area, maximum drainage length, centroid drainage length and basin slope were obtained 
from the WMS DTM. 

Figure 4. Hydrology Map 

The Desert S-graph would be most hydrologically appropriate for the existing condition of the watershed. 
However, the Valley-Developed S-graph was used to represent the ultimate developed condition as the 
most representative and conservative approach for fully developed discharge to the channel for floodplain 
mapping purposes. The following relationship for a developed valley was applied to generate the 
runoff hydrograph for both existing and ultimate conditions, for consistency: 

K = 645A 
D 

where: K =ultimate unit hydrograph discharge (ft3/s); A= drainage area (mi2); D =duration (sec). 
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Routing 

Soledad Mountain, Hydrology Study 
September 2009 

Using the convex channel routing method, as prescribed by the Kem County Hydrology Manual, the 
hydrograph for the western on-site sub-basins was routed through the channel along the north 
boundary of the site to the proposed access road culvert crossing. The following relationships from 
the manual apply: 

Where: h = 
OT = 

OT+dT = 
C= 
V= 
C = 
dT* = 

Or+dT = (1 - C)Or +Cir 

C = V 
v +1.7 

C* = 1- (1- C) E 

E = dT *+0.5dT 
1.5dT 

hydrograph inflow at time, T (ft3/s) 
channel outflow at time, T (ft3/s) 
channel outflow at time, T + dT (ft3/s) 
a routing coefficient (ranges from 0 to 1.0) 
mean velocity (ft/s) 
modified routing coefficient 
time step (hr) 

The average velocity was estimated based on a normal-depth approximation of flow conveyed by the 
proposed trapezoidal channel. 

The off-site basin and easterly on-site sub-basin hydrographs were not routed but added to the routed 
western on-site sub-basin hydrograph to produce the total hydrograph. To clarify, the off-site runoff 
is sheet and shallow concentrated flows that do not exhibit well-defined flow paths, so performing 
channel routing is not appropriate. The easterly on-site sub-basin drains directly to the outlet point. 

Results 

The peak discharge and time to peak of the 3-hour 100-year existing condition off-site runoff 
hydrograph is 808 ft3/s and 3.08 hours, respectively. Table 3 summarizes the results for the on-site 
and off-site hydrographic analysis . Figure 5 is a plot of the hydrograph at the site outlet. The detailed 
results are exhibited in the Appendix D. 

Table 3. Results of Hydrographic Ana~ysis 

Drainage Area Existing Condition 
Hydrograph 

(ac) (mi2
) 

Peak Flow Time to 
(cfs) Peak, tp (hr) 

Off-Site 1,636.4 2.56 808 3.08 

On-Site* 432 0.68 734 2.33 

Routed On-Site at Outlet+ 510 0.80 826 2.42 

Combined (Total) at Site 
2,146.4 3.35 1,265 2.42 

Outlet 
* Unrouted western on-si.te sub-basins; 
+Total on-site basin, which is eastern on-site sub-basin added to routed western on-site sub-basins 

5 

Ultimate Condition 

Peak Flow Time to Peak, 
(cfs) tp (hr) 

953 3.08 

734 2.33 

826 2.42 

1,362 2.42 
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The hydrologic model routes the on-site runoff through the flood channel to the outlet at the eastern 
property limit at the access road. At this outlet, the off-site runoff concentrates after sheet flowing 
over an extended length of Silver Queen Road and eventually to the culverts at the access road. It is 
at this point in the hydrologic model that the routed on-site and off-site hydrographs are added. The 
flow increase of 97 ft3/s (at outlet) - from existing to ultimate scenarios - is due to the urbanized 
runoff from the off-site basin. 

: .,.___~ ------'-, ---'-----8~8'1.----H----; 
700 ~ I I 

600 ~ II 1 ' ------ ~ J! : 
U500 +'-----+'-----f---~----,..---'l·----'-----~-----l 

~ f. I · l1 

jg ~ I 
~ 400 t------:-------+--+-- ! ----"(· --------; 

0 ~ I --, -
300 -~----~-----~-~----~ T~~-----+---

200 ~------~-----.-.------~--
100 ~f------;.--,.....-=--t--------

r 
0 Lt~~~_:__--.J----'---!---~--.J--.

O 2 3 

Time (hr) 

4 5 6 

Figure 5. 100-Year 3-Hour Off-Site Existing Condition Hydrograph at Watershed Outlet 

We also developed the 1-hour 100-year existing condition off-site runoff hydrograph to verify 
the storm event that generates the highest peak discharge. As illustrated in Figure 6, the peak 
discharge and time to peak of the off-site hydrograph is 704 ft3/s and 1.75 hours, respectively. 
Therefore, the 3-hour hydrograph, which has a higher peak flow, is used as the design discharge. 

Figure 7 illustrates the off-site and combined routed hydrograph at the outlet for the existing 
condition. It can be seen that the combined hydrograph has a peak discharge and time to peak of 
1,265 ft3/s and 2.42 hours, respectively. 
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Figure 6. 100-Year Off-Site Existing Condition I-Hour Hydrograph at Watershed Outlet 
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Figure 7. 100-Year Combined Existing Condition 3-Hour Hydrograph at Watershed Outlet 
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Figure 8. 100-Year Combined Ultimate Condition 3-Hour Hydrograph at Watershed Outlet 

Figures 7 and 8 are the combined and routed on-site hydrographs for existing and ultimate 
conditions, respectively. The hydrologic models, including the loss models, effective rainfall 
hyetographs and hydrograph generation, are provided in detail in Appendix D. 

A IO-year hydrographic analysis was performed for the purposes of sizing the culverts at the 
proposed access road located between stations 12+ 10 and 13+20. The existing and ultimate peak 
discharges are 502 and 550 ft3/s, respectively. The detailed analysis is exhibited in Appendix D. 

Alternative Hydrologic Models 
The risk and reliability of the recommended design discharge is an important issue to examine. 
In order to assess the reliability of the hydrographic analysis that we performed, we compared 
our recommended peak discharge using the Kem County hydrographic method to two other 
nationwide hydrologic methods. 

SCS (NRCS) Peak Flow Method 

Using the National Resource Conservation Service (NRCS) formerly the soil Conservation 
Service (SCS) graphical peak flow method (a.k.a., CN method), applying the same 
aforementioned watershed and meteorological data, yields a peak flow of 345 and 496 ft3 /s for 
existing and ultimate scenarios, respectively. This methodology yields peak discharges that are 
much less conservative than the recommended hydrographic method discussed earlier. 

USGS Regression 

Using the National Flood Frequency (NFF) computer program implementation of the US 
Geological Service (USGS) rural regression equations for this area - classified as South 
Lahontan-Colorado Desert - we determined the 100-year peak discharges (standard error of 
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99%) for the original USGS rural, revised USGS rural and FEMA regression equations, 
respectively. 

Q100 =1080A0
·
71 = 2,548ft3 

/ s 

Q 100 = 850A0
'
69 = 1,957 ft3 

/ S 

Q 100 = 661A0 62 
:;: l,398ft3

/ S 

Therefore, using the revised USGS regression equation, the upper and lower limits of the 
standard error (±1.0 SE) are 20 and 3,894 ft3/s . 

Conclusions and Recommendations 

The Kem County hydrographic results clearly fall within the wide range of the standard error 
estimated by the regression analysis. 

The 100-year existing discharge, 1,265 ft3/s, will be used in the Conditional Letter of Map 
Revision (CLOMR) application, which will include the hydrologic analysis documented in this 
report. The CLOMR will be to the Federal Emergency Management Agency (FEMA) in 
compliance with the National Flood Insurance Program (NFIP) requirements. The flood hazard 
data - including all the relevant Flood Insurance Rate Maps (FIRMs), site data, hydrologic and 
hydraulic analyses, and floodplain maps ....: will be included in the CLO MR submittal. As a 
requirement of the CLO MR submittal-, Kem County's Floodplain Administrator (Community 
Official) will need to issue a·signed concurrence. 
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Soil Properties and Qualities- Kern County , California. Southeastern Part Soledad Moutain, Golden Queen Mining 

Soil Properties and Qualities 

104 Arizo gravelly loamy sand, 2 to 9 percent A 222.0 
1 

10.5% 
slopes 

113 Cajon sand, 5 to 15 percent slopes A 

114 Cajon loamy sand. Oto 5 percent slopes , A 

116 Cajon gravelly loamy sand, 0 to 9 percent ;A 
slopes 

128 Dumps, mine 

137 Garlock loamy sand, 2 to 9 percent slopes ' B 

164 Porterville cobbly clay, 5 to 9 percent slopes 
1 
D 

185 Torriorthents-Rock outcrop complex, very D 
steep 

Totals for Area of Interest 

Natural Resources 
Conservation Service 

Web Soil Survey 2.1 
National Cooperative Soil Survey 

7.3 

589.3 

341.9 1 

25.9 : 

612.9 i 

84.8 ; 

236.8 

2,122.9 I 

0.3% ! 

27.8% I 
I 

16.1% I 

1.2% 

28.9% ! 

4.0% : 

11 .2% 

100.0% I 

1/26/2009 
Page 3 of4 



l 

l 
I 
J 

J 
j 

J 
J 
J 

Soil Properties and Qualities- Kem County, California, Southeastern Part Soledad Moutain, Golden Queen Mining 
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Description 

Hydrologic soil groups are based on estimates of runoff potential. Soils are 
assigned to one of four groups according to the rate of water infiltration when the 
soils are not protected by vegetation, are thoroughly wet, and receive precipitation 
from long-duration storms. 

The soils in the United States are assigned to four groups (A, B, C, and D) and 
three dual classes (ND, BID, and CID). The groups are defined as follows: 

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly 
wet. These consist mainly of deep, well drained to excessively drained sands or 
gravelly sands. These soils have a high rate of water transmission . 

Group B. Soils having a moderate infiltration rate when thoroughly wet. These 
consist chiefly of moderately deep or deep, moderately well drained or well drained 
soils that have moderately fine texture to moderately coarse texture. These soils 
have a moderate rate of water transmission. 

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist 
chiefly of soils having a layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These soils have a slow rate of water 
transmission . 

Group D. Soils having a very slow infiltration rate (high runoff potential) when 
thoroughly wet. These consist chiefly of clays that have a high shrink-swell 
potential, soils that have a high water table, soils that have a claypan or clay layer 
at or near the surface, and soils that are shallow over nearly impervious material. 
These soils have a very slow rate of water transmission. 

If a soil is assigned to a dual hydrologic group (ND, BID, or CID), the first letter is 
for drained areas and the second is for undrained areas. Only the soils that in their 
natural condition are in group D are assigned to dual classes. 

Rating Options 

Aggregation Method: Dominant Condition 

Component Percent Cutoff: None Specified 

Tie-break Rule: Lower 

Natural Resources 
Conservation Service 

Web Soil Survey 2.1 
National Cooperative Soil Survey 
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APPENDIX C 
Point Precipitation Frequency Estimates from NOAA Atlas 14 

Kern County 100-Year, 24-Hour Rainfall Isohyet Map 
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APPENDIX D 
Hydrologic Calculations 

Soledad Mountain Hydrology Study 
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100-yr 3-hr Existing Condition Hydrograph 
Soledad Mountain Off-Site + On-Site Drainage 

1200 ·--·~- --- _ __,_ ___ _ ---····-·-···----·-·- ·-·-----+-------~ 

1100 -l:----- ----t-------+------l---t--- ----H -+-Off-Site Hydrograph 

- Routed Combined Hydrograph 
1000 -E--- - ----t----- - -+-- -+-- -\-- -t----- --- -t-L 

800 -: __ ·- ···- ·-- ---· -· ·-···--·· . -···-·--··--·-- --·-·- -· ·-- -- --·-- -- ---·. --- -·-

-; 700 _:_._ I -·---r----·-·······- ·········---- ---
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200 -0-------------·-····-. 
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"'' ·--···-----· ____ 1;.---·--··---- --~ ~- -
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Time (hr) 
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100-yr 3-hr Ultimate Condition Hydrograph 
Soledad Mountain Off-Site + On-Site Drainage 

1400 ~-------,.-----~-,-~~~~~---,,--------,-~~-~~-,.....-~~-~--. 

I 13s2 
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SCS Analysis I 

Area (mi2) 3.36 i - -
: - ~ -- . -

Elev (u/s) 3120 .L - - --
Elev (d/s) 2760 Lag Time Computations 

Total L (ft) 20800 Off-Site L I Lea ··-- - - ---
Average s {ft/ft) 0.0173 l Max Channel Centroid 
Shallow K 0.305 Elev (u/s) 3150 source. WMS model output Avg. Elev I Length {tt),{miY Length (ft), {mi) 

Concentrated V (ft/s) 1.44 Elev (d/s) 2820 
I . 

2933.1 J 24914 12005 
s (ft/ft) 0.0204 ! 4.72 2.27 

: - - I source: '!"!MS model output L (ft) 16180 
·1- -,- ··-··· -

t1 (min) 187.6 I 

t1 {hr) 3.1 3 On-Site L Lea .. - - ----
centroid- -Channel L (ft) 4620 Elev (u/s) 2820 Ava. Elev Max Channel .. 

Lenath -,tt).cni11· Lenqth lftl~ (mil s (ft/ft) 0.0121 Elev (d/~) 2764 <-· source_:_ ~S m_odel outp':'~ 2090 
n 0.030 S (ft/mi) 81.80 u/s elev 4180 5500 2700 

' - ·- -- ··-- --- -- -
R (ft) 2.5 s (ft/ft) 0.0155 d/s elev 2840 1.04 0.51 

V (ft/s) 10.05 slope (ft/mi) = 1286.4 -
t1 (min) 7.7 I . -- 1- ·- - - ·· 
t1 lhrl 0.13 . I 

tc (hr) 3.25 I 
L. - ~·- - -

CN 73 l 
s 3.6986 -- ~ -- - - . 

la 0.7397 
I .. 

P (in) 3.75 ---
Q (in) 1.3507 

! 
i .. 

la/P 0.19726 I 
I . 

co 2.3055 
C1 -0.51429 

I 
C2 -0.01175 

I 
qu (cfs/in-mi2) 109.3572 

1 a lcfsl 496 

Hydrology. Deliverable0809.xls Curve Number Computations scs 



On-Site Hvdroloqv Soil Group I Source: NRCS I 
Weighted A B I c 0 I I I 

I : I A facl CN CN A racl CN 0.559 0.289 
: 

0.152 1.000 : 
I : ! I ' 9 .17 91 834.47 6.6 80 

I ' : : ! I . 
I 

I 

' I 13.64 91 1241.24 25 86 BO . I 
15.56 90 1400.4 24.38 80 Curve Number : I 

71 .18 80 5694.4 39.53 80 
I . 

Area (acres) Soll Groun 
30.16 87 2623.92 18.79 BO Symbol Land Use General Plan A B c 0 CN %Imp 
26.7 85 2269.5 80,89 80 E Eslate (2.5 acres) 46 ' 65 77 82 0 .00 0 .10 0.0 

I 
4 .33 82 355.06 GB Greenbell (fair) 35 49 ! 69 ' 79 84 1.29 0.00 0.0 I 
2.76 82 226.32 LA limiled Agrtculture : 0.00 0 .00 0.0 

4 .36 82 357.52 LDR Low Density Residential 821 .4 61 75 : 83 : 87 0.30 246 .4 34.63 
Medium Densily ' 

4 .62 82 378.84 MDR Residenlial 50 77 85 90 92 2.49 0.60 30.0 
' -· Mineral Exlraclion and 

4.71 82 386 22 MEP Processrig 300 77 77 77 77 14.12 0.15 45.0 

3 .4 82 278.8 PL Public Lands 190 72 82 87 89 9.00 0 .15 28.5 

I i 
84 196.05 80 RM Resource Management 240 49 

' 
69 79 84 

8.81 
0.15 36 .0 190.59 

I use CN 1636.4 011-site:Weighted 70.3 0.24 
CN(avg) = 82 Area (ac) = 510 2146 ' 

Source: T J Cross, Hvdroloov Studv, DS--06225-34 Rev. B (1011812007) : I Total 73 
I 

Hydrology.Oeliverable0809,xls Curve Number Computations SGS 
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Enter maximum loss rate Fm (in/hr) 
1:r.1ei1ow1oss fi-aciion ·_~q~ec:) ··· ·· 

Vall~y:geveJ~p~-~ 
Foothill 

Mountain 
·----·<" ---·· ·· ---·--·--·----· 

__ . Yi!l l~y: Und~\'~.l~p~f:! . 
Desert 

.1:!1!1!~ ~atershed area-aver.a9,_ed 5-lll_i_nu!e p~i!1t .r.ili_!1~all (in) 
Enter watershed area~11v,era9,ed 30-minute point rainfa ll (in) 

Enter watershed area-averaged 1-hr point ra infall (in) 

Enter watershed area-averaged 3-hr point rainfall (in) 

Enter watershed area~averaged 6-hr point rainfal! (in) 

Enter watershed area-averaged 24-hr point ra infall (in) 

Enter 24-hr s~~rm unit interval (min) 
Slope Desert Fi ure B-56 

roximation 

OffSiteHydrology 

Rivertech Inc. 

100 100 
--- .... ------- ----- -----·-- -- ---~-----· ·---- ---- -~----

0 0 
0 0 

··-· ~- --·--- ~-~ -- --~-----·-- ---- --
0 0 
0 0 

0.62 0.62 
0.76 0.76 

0.36 0.19 

0.91 0.48 

1. 13 0.59 

1.79 1.4 1.02 

2.37 2.0 1.39 

3.67 3.7 2.28 

5 5 
0.6 0.6 

NOAA1 4 NOAA Atlas 2 NOAA1 4 

NOAA Atlas 14 
Duration Rainfa ll 

(min) intensity slo e 
5 5.02 -0.60 

60 1.13 
180 0.60 -0.58 



__ ··--- _ ·--------·----- _________ .J:r~ect --~E!~ad M()_':'nl"!!"-
______________________________ En9ineer Tamim Atayee 

Rivertech Inc. 

----··· ··--··<•···- ----·-·· ----··· ---· ----·--· -----------·· ·- ·-···---·--- ---· ······-···--- -- ••.• ··-·•·-··----

Enter maximum loss rate Fm (in/hr) __ __ _ _ ___ __ ·- _ -----·-- --·- _ ~:~~ _ _____ _ ..... _ ·--- _ . .... 5.151515 
. ~n.~er ~()W loss __ f!~ction _~J~~cL ___ _ _ _ _____ ----·- .. ··--·. ____ .9!_'?_ -----· -··-----··--- ·-- 0.24 
____ Ent~!_~~.!~-~~~~ ~~!~.-:~!"~JJ~~-~:'!!~ll~_t! _~~~ ~inf.iii! (inl ______ ---·· _ _9_}~-------- 0.4 
.. Enter watershed ar~Cl =Cl.'l_!~~{!_l-~d ~-0-m!ll':l!!P._<>_i_':'! .ri:linfall (in) 0.91 0.9 

Enter waters_l_le~~~~~~-':'!!~JJed 1: 1_1r_e_e>ill! !.~!~fal! (i_".! 
---~.ll!!~ watershed area-a~~r~g~d ~:hr e_<>_ill! rainfall Q~)____ .. 

-~-!:!!!!:_Wa~~~!J.~~-Cl~~-Cl:Cl~!!aged. _~-:'-1.!J~~in_! . rai_nfa~~j~n) 
. _E~t~r ~Cl!ershed area-avera.ged. 24-~r point ra.infall (ii'))_ 

Enter 24-hr storm unit interval (min) 
s1ope (Figure 8~5s) ·· · ·· · ··-· · · · ··· 
Precipitation source 

strai!:.ht-line aooroximation 

OnSiteHydrology 

1.13 
1.79 
2.37 
3.67 

5 
0.6 

. NOAA 14 

1.4 
2.0 
3.7 

NOAA Atlas 2 

NOAA Atlas 14 
Duration 

(min) 
5 

60 
180 

Rainfall 
intensity 

5.02 
1.13 
0.60 

1.1 
1.8 

2.4 
3.75 

5 
0.6 

slope 
-0.60 

-0.58 



deoth-area reduction 

Timestep Time 
# <minl 

1 5 
2 10 
3 15 
4 20 
5 25 
6 30 
7 35 
8 40 
9 45 
10 so 
11 55 
12 60 
13 65 
14 70 
15 75 
16 80 
17 85 
18 90 
19 95 
20 100 
21 105 
22 110 
23 115 
24 120 
25 125 
26 130 
27 135 
28 140 
29 145 
30 150 
31 155 
32 160 
33 165 
34 170 
35 175 
36 180 

r - -

0.97 for d=5 minutes (Fiq. E-4) 

Rainfall Adjusted Incremental Storm 
Intens ity Depth Depth Depth Time 

On/hrl <in) {in) {in) (min) 

5.02 0.418 0.406 
' 

0.406 840 
3 31 0.552 0.535 0.130 845 
2.60 0649 0.630 0.094 850 
2.18 0.728 0.706 0.077 855 
1.91 0.796 0.772 0.066 860 
1. 71 0.856 0.831 0.058 865 
1.56 0.911 0.884 0.053 870 
1 44 0.961 0.932 0.048 875 
1.34 1 007 0.977 0.045 880 
1.26 1.051 1 019 0.042 885 
1 19 1 091 1.059 0 040 890 
1.13 1130 1.096 0.037 895 
1.08 1.169 1.133 0.037 900 
1 03 1.205 1169 0 036 905 
0 99 1.241 1 203 0.034 910 
0 96 1.275 1.236 0.033 915 
0.92 1.307 1.268 0.032 920 
0.89 1 339 1.299 0.031 925 
0.87 1.370 1.329 0.030 930 
0.84 1.399 1.358 0.029 935 
0.82 1.428 1.386 0.028 940 
0.79 1.456 1..413 0.027 945 
0.77 1 484 1.439 0.027 950 
0.76 1.511 1.465 0.026 955 
0.74 1.537 1.490 0,025 960 
0.72 1.562 1.515 0.025 965 
0.71 1.587 1.539 0.024 970 
0.69 1.611 1.563 0.024 975 
0.68 1.635 1.586 0 ,023 980 
0.66 1.658 1.609 0.023 985 
0.65 1.681 1.631 0.022 990 
0.64 1.704 1.653 

' 
0:022 995 

0 .63 1.726 1.674 0.021 1000 
0.62 1.748 1.695 

' 
0.021 1005 

0.61 1.769 1.716 i 0.021 1010 
0.60 1 790 1.736 0.020 1015 

I Total = 1.736 
I 

-

3-hour Unit 
Re-ordered Rainfall 
Timestep Depth 

# linl 
36 0.020 
35 0.021 
33 0.021 
32 0.022 
30 0.023 
29 0.023 
27 0.024 
26 0.025 
24 0.026 
23 0.027 
21 0.028 
20 0.029 
18 0.031 
17 0.032 
15 0.034 
14 O.o36 
12 0.037 
11 0.040 
9 0.045 
8 0.048 
6 0.058 
5 0.066 
3 0.094 
2 0.130 
1 0.406 
4 0.077 
7 0.053 
10 0.042 
13 0.037 
16 0.033 
19 0.030 
22 0.027 
25 0.025 
28 0.024 
31 0.022 
34 0.021 

I Fm= 

ExcessRainJhr 

-· J J J 

Off-Site Off-Site On-Site 
Existina Condition Ultimate Condition Ultimate Condition 

Effective Effective ' Effective 
Unit Rainfall ' I 

Unit Rainfall Unit Rainfall 
Loss, F* Depth Loss, F* Depth Loss, F* 

I 
Depth 

(in) linl Cini 
I 

linl {in) i (in) 
0.015 0.005 0.014 0.006 0.011 I 0.010 I i 0.016 0.005 0.014 0.006 0.011 i 0.010 
0.016 0,005 0.015 0.007 0.011 0.010 

' 0.017 0.005 0.015 0.007 0.011 0.011 
0.017 0.006 0.016 0.007 0.012 0.011 
0.017 0.006 0.016 0.007 0.012 

' 
0.011 

0.018 0.006 0.017 0.007 0.012 0.012 
0.019 0.006 0.017 0.007 0.013 0.012 
0.020 0.006 0.018 0.008 0.013 0.012 
0.020 0.006 0.018 0.008 0.014 0.013 
0.021 0.007 0.020 0.009 0.014 0.014 
0.022 0.007 0.020 0.009 0.015 0 .014 
0.023 0.007 0.021 0 ,009 0.016 : 0.015 

' 0,024 0.008 0.022 0.010 0.016 0.015 
0.026 0.008 0.024 0.010 0.018 l 0.017 

' ! 0.027 0.009 0.025 0.011 0.018 0 017 
0.028 0.009 0.026 0.011 0.019 i 0.018 
0.030 0.010 0.028 0.012 0.020 ! 0.019 
0.034 I 0.011 0.031 0.014 0.023 I 0 022 -
0.037 0.012 0.034 0.015 0.025 

I 
0.023 

0.044 0.014 0.035 I 0.024 0.030 I 0.028 : 
0.050 0.016 0.035 0.031 0.029 i 0.037 
0.052 0.043 0.035 ' 0.059 0.029 i 0.066 
0.052 i 0.078 0.035 0.095 0.029 0.101 
0.052 0.354 0.035 0.371 0.029 0.377 
0.052 0.025 0.035 0.042 0.029 0.048 

' 0.040 0.013 0.035 0.018 0.027 0.026 
0.032 0.010 0.029 0.013 0.022 0.020 
0.028 : 0.009 0.026 

f 
0.011 0.019 0.018 

0.025 0.008 0.023 0.010 0.017 0.016 
0.022 

' 
0 .007 0.021 ' i 0.009 0.015 0.014 

0.021 I 0.007 0.019 I_ 0.008 0.014 0.013 
0.019 

I 
0.006 0.018 

I 
0.008 0 ,013 0.012 

0.018 0.006 0.016 
- 1 

0.007 0.012 0.011 
0.017 0.005 0.015 I 0.007 0.011 0.011 
0.016 

I I -· 
0.006 0.010 0.005 0.015 I 0.011 

I --~'.7~1 ___ J _;_ 
f ~ 0.899 I 1.095 

I - ·-··- ·· ----
0.052 I i 



depth-area reduction= 

Timestep . 
# 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Time 
(min) 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 

0.92 for d=5 minutes (Fig. E-4) 

Rainfall 
Intensity , Depth 

(In/hr) (in) 

5.02 0.418 
3.31 0.552 

I 

2.60 0.649 , 

2.18 1 0.728 
1.91 0.796 
1.71 0.856 

I 

1.56 0.911 
; 

1.44 0.961 
1.34 
1.26 
1.19 
1.13 

' 1.007 
1.051 
1.091 
1.130 

Adjusted 
Depth 

(in) 

0.385 
0.508 
0.597 
0.670 
0.732 
0.788 
0.838 
0.884 
0.927 
0.966 
1.004 
1.040 

Incremental 
Depth 

(in) 

0.385 
0.123 
0.089 
0.073 
0.063 
0.055 
0.050 
0.046 
0.043 
0.040 
0.038 
0.036 

ExcessRain1 hr 

Storm 
Time 
(min) 

920 
925 
930 
935 
940 

i 

1-hour Unit I Effective 
RC1(ri!~-11 ·r -~riit - --Ra1nfa11 

--·-

Re-ordered 
.. Time..step 

# 
Depth _ L ~os~J=* Depth 

(In) I (in) (in) 

12 _0.036 _ i- o.g_~_ __ 0.009 _ 
11 _Q.O~~ 1-0.021! 0.009 
9 I 0.043 0.032 0.010 

6 0.055 0.042 0.014 
- --· 

8 I 0.04-S _:__r· 0 _-.0~-5 -= 0.011 

-·- - -·-- -· ·---
945 
950 
955 
960 
965 
970 
975 

5 0.063 0.047 0.015 
.. --- -----

3 0.089 0.052 0.037 
2 0.123 0.052 0.071 --· ·-· -··---
1 0.385 0.052 0.333 
4 0.073 -1 _0.052 - 0.021 
7 I o.o5o o.038 0.012 . --- -
10 o.o4o I- _ o.o3o 0.01 o 

i 
Fm= 0.052 

-



- - _J J 

I I I 
Source: NRCS (Fig. C·Sl IFia. C-3) CFla. C-2) 100-yr 10-Yr 

Area Soil Pervlous 
' 

Low Loss 
I 

Pervious jLow Loss ! 
Land Use Fraction Group F. a. Fm CN s Area Yield, Y 1 ¥ F" Area Yield, Y 1 ¥ 1 F" 

Units Idec.I lin/hrl Idec.I Cin/hrl I Cinl Idec.I Idec.I lin/hrl Idec.) Idec.I I lin/hrl 
Open Brush, fair condition 1.0 A/B/D j 0.62 1.0 0.62 66 5.1 5 0.244 0.756 0.244 0.756 

' 0.052 (inches in 5 minutes) 
Ultimate (Based on On-Site) 1.0 A/B 0.38 0.90 0.34 80 2.50 0.483 0.517 0.483' 0.517 

0.029 ' (inches in 5 minutes) 
' ' ' 

I I ' ~-
o.3o:;r-- 0.696 

.. 
Ultimate (Based on Off-Site) 1.0 A/BID 0.55 0.76 0.42 70 4.29 0.304 0.696 

0.035 t (inches in 5 minutes) I I .. ,. 
I - ---

' . ... I ' ! Ultimate (Weighted) 1.0 A/BID 0.51 0.79 0.40 72 3.82 0.342 0.658 0.342 
1-

0.658 ' ! 

0.034 •(inches in 5 minutes) I I 

C :IProjectslSoledad\Hydrology Deliverable0809.xls Losses 



Floure E-3a Off-Site Basin 
Valley DeYelooed Time (hr) Time (min) 

5-0raph ror Lag or •;,$-Curve 
•;. Volume Oeclmal o/, Laa 1.02 AYeraged lnteroolated 

0 0.00 0.00 0.00 00 0005 0 009 
2 002 17 50 0.18 10.8 0 014 0019 
4 004 29.00 030 178 0.025 0 032 
6 0.06 35.25 0 36 21 7 0042 0.051 
8 0.06 40.00 041 246 0067 0.084 
10 0.10 43 75 045 26 9 0 104 0 125 
12 0.12 47.75 0.49 293 0 150 0 174 
14 0.14 51.75 0.53 31.8 0 199 0 223 
16 0.16 54.25 056 33 3 0248 0 274 
18 0.16 56.00 0.59 356 0.305 0.336 
20 0.20 61 75 0.63 380 0.369 0.402 
22 0.22 64.75 066 39 8 0.435 0.466 
24 0.24 67.25 0.69 41 3 0 .503 0 538 
26 0.26 70.75 072 435 0569 0599 
26 0 28 74.25 0.76 456 0.635 0.670 
30 030 76 75 0,79 47 2 0.699 0 728 
32 0.32 79.75 082 490 0.750 0.771 
34 0.34 81 75 064 50.2 0 769 0 807 
36 0.36 84.25 0.66 51 8 0.626 0 644 
38 0.38 8800 090 54 1 0 856 0672 
40 040 89.25 091 54 .9 0 883 0.693 
42 0.42 92.00 0.94 56 5 0.902 0911 
44 044 94 25 097 57 9 0.919 0927 
46 0.46 96.87 099 59 5 0 935 0 942 
48 0.48 98.75 1.01 60 7 0.947 0 952 
50 050 100.00 1.02 61 5 0 957 0.962 
52 0 52 10300 106 63 3 0965 0966 
54 0,54 10600 1 09 65. t 0 971 0 974 
56 0.56 109.50 112 67 3 0 977 0 980 
56 0 58 112 00 115 66 6 0.961 0 982 
60 060 114 00 1.17 701 0 983 0 964 
62 0.62 11500 118 70 7 0965 0 986 
64 0.64 117 25 120 72 1 0.967 0 966 
66 066 120.50 1 23 74 1 0 989 0 990 
68 0.66 123 50 1 27 75 9 0 991 0 992 
70 070 12525 1 28 77 0 0 993 0.994 
72 072 129 00 1 32 79 3 0995 0 997 
74 0.74 13200 1 35 81 I 0 998 0 999 
76 0.76 136.00 1.39 83.6 .0999 1 000 
76 076 140 00 1 43 860 
60 0 60 14500 1 49 89 1 
62 0.62 149.00 1 53 91 6 
84 0.64 153 50 1 57 94 3 
86 086 156 75 1 63 97 6 
86 066 165 25 1 69 1016 
90 0.90 173 75 1.78 106 8 
92 0 92 183 25 1 88 1126 
94 0.94 193 75 1 98 1191 
96 0.96 209 50 2 15 128 8 
96 0 98 235.00 2 41 144 4 

100 1 00 315 00 3.23 193.6 

$ -Curve 

Time !mini 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 
185 
190 
195 

0 051 
0062 
0066 
0.066 
0 070 
0061 
0 071 
0.058 

On.Site Basin 
Tlme (hr) Time (mln) 

for Lag or ~. S-Curve 
0.22 A•eraoed lntemolated Time (min) 

000 00 0.080 0161 5 
0.04 23 0 229 0.297 10 
006 3.6 0455 0612 15 
0.08 46 0.725 0637 20 
009 52 0.666 0935 25 
0.10 57 0.955 0.975 30 
0 10 62 0 962 0.968 35 
0.11 68 0 993 0998 40 
0 12 71 0.999 1 000 45 
0 13 76 
0.13 8.1 
0.14 8.5 
0.15 88 
0.15 9.3 
016 9.7 
0 17 10.0 
0 17 104 
0.18 10 7 
0 16 11.0 
0.19 115 
0 19 1 I 7 
020 120 
0 21 12 3 
0.21 12 7 
0.22 129 
0.22 13.t 
0.22 135 
023 13.9 
0 24 143 
0 24 14.7 
025 14.9 
0 .25 15.1 
0.26 15 3 
0 26 15 8 
027 16.2 
027 16 4 
0 28 16.9 
0 29 17 3 
030 17 8 
031 18 J 
032 i90 
0 32 195 
0.33 20 1 
0,35 20 8 
036 216 
0.36 22 i 
040 24 0 
0 42 25 4 
0.46 27 4 
0 51 30 8 
069 41.2 
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100yrEx1 hrHyd 

A(mi2) = 
I i 2.56 

Valley-Dev K (cfsl = 19790.6 I ; 

tsteo, T = 5 Unit : Runoff 
' S tep Time S-Graph Hydrogaph 1 2 3 4 5 6 7 8 9 10 11 12 Hydrograph 

# (min) (hr) (%) (cfslin) 0.009 0.009 0.010 0.011 0.014 0.015 0.037 0.071 
: 

0.333 0.021 ' 0.012 (cfs) 0.010 
1 5 0.083 0.5 92.0 0 80 0.8 
2 10 0.167 1 4 184 0 1 59 0.84 2.4 
3 15 0.250 2.5 224.7 1.95 1.68 0.96 

] 4.6 
4 20 0.333 4.2 323.9 2.81 2.06 1.91 1.03 I 

' 
7.8 

5 25 0.417 6.7 510.6 4.42 2.96 2.34 2 .06 1.24 13.0 
6 30 0.500 10.4 732.0 6.34 4 67 3.37 2.52 2.48 1.40 : 20.8 
7 35 0.583 15.0 898.3 7.78 6.70 5.31 3.63 3.03 2.80 3.44 ' 32.7 
8 40 0.667 19.9 963.3 8.35 8.22 7.61 5.72 4.37 3.43 6.88 6.53 51.1 
9 45 0.750 24.8 986 7 8.55 8 82 9.33 8.20 6.89 4.94 8.40 13.05 30.61 98.8 
10 50 0.833 30.5 1121 .8 9.72 9.03 10.01 10.06 9.88 7.78 12.11 15.94 ' 61 .23 1.92 147.7 

0.917 
I ' ; 11 55 36.9 1262.9 10.94 10.27 10.25 10.79 12.13 11 .16 19.09 22.98 74.79 3.83 1.12 ! 187.4 

12 60 1.000 43.5 1306.0 11 .32 11 .56 11 .66 11.05 13.01 13.69 27.37 36.22 107.79 ' 4.68 2.25 0.89 251.5 
13 65 1.083 50.3 1352.3 11 .72 11 .95 13.12 12.57 13.32 14.68 33.59 

I 
51 .93 169.90 6 74 2.74 1.79 344.1 

14 70 1.167 56.9 1295.5 11 .23 12.38 13.57 14 15 15.15 15.04 36.02 63.72 243.59 10.63 
I 

3.96 2.18 441.6 
15 75 1 250 63.5 1304.2 11.30 11 .86 14.05 14.63 17.05 17.10 36.90 68.33 298.91 15.24 6 .23 3.15 514.8 
16 80 1.333 69.9 1274.8 11 .05 11.94 13.46 15. 15 17.64 19.25 41 .95 69.99 320.55 18.70 I 8.94 4.96 553.6 

1.417 1002.4 8.69 11 .67 13 55 14.51 47.23 " I 

i ' 17 85 75.0 18.26 19.91 79.58 ; 328.34 20.05 10.97 7. 11 579.9 
18 90 1.500 78.9 785.8 6.81 9.17 13.25 14.61 17.49 20.61 48 84 89.59 373.30 I 20.54 11 .76 

. ' 
8.73 634.7 

I J 
19 95 1.583 82 .6 718.2 6.22 719 10 42 14.28 17.61 19.75 50.57 92.64 420.26 23.35 . I 12.05 

i 
9.36 683.7 

20 100 1.667 85 .8 643.2 5.57 6 57 8.17 11 .23 17.21 19.88 48.45 95.92 434.60 
I 

26.29 ' 13.70 9.59 697.2 
21 105 1.750 88 .3 485.6 4.21 5.89 7.46 8.80 13.54 19.43 48.77 

I 
91 .90 449.99 27.19 15.42 10.90 703.5 

22 110 1.833 90.2 384.3 3.33 4.44 6.68 8 .05 10.61 15.28 47.67 92.52 431 .11 I 
28.15 15.95 12.28 676.1 

23 115 1.917 91 .9 338.4 2.93 3.52 5.05 7.21 9 70 11 .98 37.49 90.43 ' 434.00 I 26.97 16.51 12.69 658.5 
24 120 2.000 93.5 305.8 2.65 3.10 3 99 5.44 8.68 10.95 29.39 71 .11 424.19 

I 
27 15 15.82 13.14 615.6 I 

25 125 2.083 94 .7 246.2 2.13 2.80 3.52 4.31 6.56 9.80 26.86 55.74 333.57 26.54 15.93 12 .59 500.3 
26 130 2. 167 95 .7 194.8 1.69 2.25 3.18 3.79 5.19 7,40 24 .05 50.94 261.49 I 20.87 15.57 12.68 409.1 
27 135 2.250 96 .5 155.7 1.35 1.78 2.56 3.43 4.57 5.86 18.16 45.62 238.99 ' 16.36 12.24 12.39 363.3 

I i 
28 140 2.333 97 .1 126.3 1.09 1.42 2.02 2.76 4.13 5.16 14.37 34.45 214.02 I 14.95 9.60 : 9.74 313.7 

' 29 145 2.417 97 .7 121 .4 1.05 1.16 1.62 2.18 3.32 4 .66 12.66 27.26 161 .60 13.39 8.77 7.64 245.3 
30 150 2.500 98.1 1,11 1.31 1.74 2.63 3.75 11.43 24.01 

; 
127.86 

: 
10.11 7.85 6.98 198.8 

31 155 2.583 98 3 1.26 1.41 2.10 2.97 9.21 21 69 112.61 8.00 5.93 6.25 171 .4 
32 160 2.667 98.5 1.36 1.71 2.37 7.28 17.46 101 .74 7.05 4 .69 4.72 148.4 
33 165 2.750 98.7 1.64 1.92 5.82 13.82 81 .91 ' 6.37 4 .13 

: 
3.73 119.3 

34 170 2 833 98.9 1.85 4.72 11 .04 64.81 5.12 i 3 73 3.29 94.6 
35 175 2.917 99.1 4.54 8.96 51 .80 ' 4 .05 ! 3.01 2 .97 75.3 
36 180 3 000 99.3 8.61 42.02 3.24 2 .38 2.39 58.6 

I 
40.40 

; 
2.63 ! 1.90 ' 1.89 46.8 37 185 3.083 99.5 

' l 38 190 3.167 99 .8 2.53 1.54 1.51 5.6 
I 

! 39 195 3.250 99.9 
i 

1.48 1.23 2.7 
40 200 3.333 I 

' 1.18 1.2 
I ; 0.0 41 205 3.417 
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0.0 11.1 
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Y1Uoy-Otv K lcfll • I 90.3 I I I 
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Sito Tlmt 1-G,.ah Hvdraatoh 1 2 3 • I I 7 I t 10 11 12 U I• II 11 n 11 19 2D 11 I Zl 21 2' I U 21 27 21 n 30 H H I H 34 U H HYdroarHh 
• lmlnl lhrl l'lll lcfa/lnl D.010 O.DIO 0.010 0.011 0.011 I 0.011 1.012 0.012 0.012 o.ou 0.014 D.014 0.011 0.011 0.017 0.017 0.011 0.011 ' 1.022 D.021 0.021 I o.ou 0.081 0.101 I U77 O.D.. 0.021 o.ozo D.011 1.011 0.014 o.on I 0.012 D.011 D.011 O.DIO IClll 
1 s o.on 1.0 15.t o.n 1 1 0.1 
2 10 0.117 22.t 140.2 I.SI 0.71 2.1 
3 16 0.260 4U 2t2.8 2.09 I 1.40 0.71 ' 4.J 
4 20 o.333 72.s 254.1 uo 1 2.13 1.45 o.eo 1 1.1 
5 25 0.417 SI.I 152.1 1.50 I 2.54 2.20 1.41 o.n ... 
a so o.aoo 85.5 au o.14 u2 2.n 2.24 1.54 o.a6 u 
7 35 0.513 91.2 25. I 0.25 ' 0.15 1.57 2.11 2.33 1.57 0.51 ... 
a 40 0.117 tu 10.5 0.10 0.25 o.aa uo 2.7t 2.sa 1.13 o.to 10,3 
9 45 o.750 tu u o.oa 0.10 0.21 o.19 1.11 2.M 2.0 1.11 o.es 10.1 
10 60 O.W 0.00 O.OI 0.11 0.21 0.72 1.70 2.97 2.54 1.75 O.t7 II.I 
11 55 o.t11 o.oo o.oo o.oa 0.11 0.21 o.n 1.n . 3.03 2.11 1.10 1.03 11.1 
12 10 1.000 0.00 0.00 0.00 0.111 0.11 0.21 0.71 1.11 3.11 2.73 1.90 I.lie 11.1 
13 15 I 1.013 0.00 o.oo o.oo o.oo 0.01 0. 12 0.29 0.71 uo 3.21 2.11 . 1.115 1.13 12.4 
14 70 I 1.117 0.00 0.00 0.00 0.00 0.00 0.111 0.12 0.30 0.12 1.85 U4 2.97 2.01 1.11 I 12.1 

r 
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11 10 U33 ·o.oo o.oo o.oo o.oo o:oo o.oo o.oo 0.01 0.13 0.32 o.H 2.12 3.71 3.27 u2 u1 1u 
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21 106 1.750 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .0.00 0.00 0.00 0.00 0.00 0.01 0.11 0.42 l.U •2.76 U7 4.12 3.21 2.14 ; . 11.1 
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24 120 I 2.000 0.00 0.00 I 0.00 0.00 0,00 0.00 0.00 0.00 · 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.10 o: 0.19 0.48 1.42 3.61 7.11 7.87 9.22 7.17 I , I 37.I 

27 135 I 2.250 0.00 , 0.00 · 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ·• :JI.OD 0.00 0.12 0.24 0.71 2.45 10.00 25.74 ID.31 1.77 I 1.94 ! ., I 111.3 
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63.49 

65.87 

68.53 

71.47 

74 .83 
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61 .93 

6417 

66 65 

69 37 

72.46 

7598 

79.82 

83.97 

88 69 

94 03 

100.97 

110,66 

129.65 

152.34 

295 .96 

460 .57 

738 .07 

602 71 

250 50 

165 27 

121 08 

91 .57 

Rouling100yr3hr 

Parameter 

V(ftls) 
A (ftA2) 
P(ft) 
R(ft) 
L (ft) 

S(ft/ft) 
n 

K (hr) 
K(min) 

c 
dT (hr) 

dT (min) 
c· 
E 

Value 

4 50 
74 

50.40 
1-:4i 
i:loo 

O.OOSO 
0.030 
ci.142 
8.52 
0.73 
0.103 
6.18 
0.68 

0 872 

Trapezoidal channel 
b = 40 ft 
z1 :1 = 3.0 
z2:1 = 3.0 

Peak routed outflow 

Comments 

WMS Channel Ca1culatOr 
_WMS Ch"3 nne1 c-;1~~.1ator 
~S Ch~.n~.~~~ alc.ula~r __ 
calcula~e~- _ _ .. 
pesig~e~glh 

Oes1gr'\l'assumed 

_Q_es~gnl'!ssume~ _ 
~q. (H.5) 

Eq.(H.4) 
K . c. Eq. (H .8) 

Eq. (H.6) 

(dT'+O.ScfT)/11 5dT) 



·- _ g1_0 . . 300_0 __ , _ ... s.3 .. ~~ - .•. 
186.2 - ···-·iff1!i" 67.19 

J_6 ,~'L .. -···-··-··- --·--- ------- -·-·- - -- ... ----·- -·-·· ----
- --- - ---··- --··- -

::~_1 ff ..•.. .. 3._.083 --- .s5c 1 !l. -· 69 .11 

J9T2. :~ _59:05 59 as - ----- --~------·-·-··--·· ·-··- --
190 · ·- .r:1sr · 

··---··- ·---. ----- --·- - ···-- ---·--- ---- - . ···-------·-· --- .. . - --- ---·-
·-··· 

44 .31 61 .41 - ---·- ...... ,_ 

196 :2'' 49.08 49:a8· 

195 3.250 30.42 .. I·· 
52 .07 

201.2 36.45 36.45 - - - --
200 3 333 15.16 39.fl.6 

20_6.2 22.04 22 .04 
--- - - --

205 3.417 6 21 ·24_.58 
-----~--

211 .2 11 .33 11.33 
210 3.500 2.39 12.76 

216.2 5 .28 5.28 
215 3.583 0 92 5.98 

221 .2 2.33 2.33 
220 3.667 0 32 2.66 

226.2 0.97 0.97 
225 3.750 0.00 1 .12 

231 .2 0.31 0.31 
230 3.833 0,00 q.36 

236.2 o.io 0.10 
235 3.917 0.00 0.12 

241 2 0,03 0.03 
240 4.000 0.00 0.04 

246.2 0.01 O.Q1 

245 4.083 0.00 0 .01 
251 2 0 00 0.00 

250 4.167 0.00 0.00 
256 2 0.00 0.00 

255 4.250 0.00 0.00 
261 .2 0.00 0.00 

260 4 333 0.00 0.00 
266.2 0.00 0.00 

265 4 417 0.00 0.00 
271 .2 0.00 0 00 

270 4 500 0.00 0 00 
276 2 0.00 0.00 

275 4.583 0.00 0.00 
281 .2 0.00 000 

280 4,667 000 000 
286 2 0.00 000 

285 4.750 0 00 0 00 
291 2 0.00 0.00 

290 4.833 0 00 0.00 
296.2 0.00 0.00 

295 4.917 000 000 
301 2 0 00 000 

300 5.000 0.00 0.00 
306.2 0 00 0.00 

305 5.083 0.00 0 00 
311 ,2 0.00 0.00 

310 5.167 0.00 0 00 
316.2 0.00 0.00 

315 5.250 0.00 0.00 
321 .2 0 00 0.00 

320 5.333 0.00 0.00 
326 2 000 0.00 

325 5.417 0 00 0 00 

Rout1ng100yr3hr 
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10-yr 3-hr Existing Condition Hydrograph 
Soledad Mountain Off-Site + On-Site Drainage 
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10-yr 3-hr Ultimate Condition Hydrograph 
Soledad Mountain Off-Site + On-Site Drainage 
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Source: NRCS IFiq. C·Sl 
Area Soil 

Land Use Fraction Group F. 
Units Idec.I (in/hr) 

Open Brush. ra1r condition 1.0 A/BID 0 62 

Ultimate (Based on On-Site) 1 0 A/B 0 38 

Ultimate (Based on Off.Site) 1.0 A/BID 0.55 

Ultimate (Weighted) 1 0 A/BID 0.51 

C IPro1ectslSoledadlHydrology. 1 Oyr.090809 xis 

IFici . C-31 

a 
(dee.) 

1,0 

0 90 

0.76 

0.79 

r -

Fm 
lin/hrl 
0 62 

IFici. C-2\ 

CN 

66 

-

s 
linl 
5.15 

0.052 (inches in 5 minutes) 
0.34 ao 2.50 

0.029 (inches in 5 minutes) 

0.42 70 4.29 
0.035 (inches in 5 minutes) 

0,40 72 3.82 
0.034 (inches in 5 minutes) 

Losses 

-- __J 

I 
! 100-vr 10-yr 

Pervious Low Loss Pervious .Low Loss j 
Area Yield, Y ¥- F* Area Yield, Y ¥ ! F* 

(dee.\ (dec.l l in/hrl ldec.l Idec.I ' lin/hrl 
0.107 0.893 0.107 0.893 

' 
0.325 0.675 0.325 0.675 

0.156 0.844 0.156 0.844 

' 
0.189 0,811 0. 189 0.811 



Off-Site Off-Site On-Site 
deoth-area reduction 0.97 for d=5 minutes (Fia. E-4) Existino Condition ; Ultimate Condition Ultimate Condition 

3-hour Unit Effective Effective ; , Effective 
Rainfall Adjusted Incremental Storm Re-ordered Rainfall Unit Rainfall Unit Rainfall Unit l Rainfall 

Timestep Time Intensity Depth Depth Depth Time Timestep Depth Loss, F• Depth Loss, F• Depth loss, P Depth 
# <min) (in/hr) (in) (in} (in} (min) # Cin) (in) linl linl linl (in) i (in) 
1 5 2.62 0.218 0.212 0.212 840 36 0.014 0.012 0.001 0.012 0.002 0.009 I 0.004 
2 10 1.73 0.288 0.279 0.068 845 35 0 014 0.012 0.001 0.012 0.002 0 ,009 

i 
0.005 

3 15 1 36 0.339 0.329 0 049 850 33 0.014 0.013 0.002 0.012 
; 

0.002 0.010 0.005 I 
4 20 114 0.380 0.369 0.040 855 32 0.015 0.013 0.002 0 012 0.002 0.010 I 0.005 
5 25 1 00 0.416 0.403 0.034 860 30 0.015 0.014 0.002 ; - I 0.013 0.002 0.010 0.005 
6 30 0.89 0.447 0.434 0.031 865 29 0 015 0.014 0.002 0.013 0.002 0.010 I 0.005 
7 35 0.82 0.476 0.461 0.028 870 27 0.016 0.014 0.002 0.013 0:002 0.011 0.005 
8 40 0.75 0.502 0.487 0.025 875 26 0.016 0.015 0,002 0.014 0.003 0.011 ' 0 .005 i 9 45 . 0.70 0.526 0.510 0.023 880 24 0.017 0.015 0.002 0.014 0.003 0.011 0.006 

50 0.549 0.532 0.022 23 
.. 

! 0003 ' 10 0.66 885 0.017 0.015 0.002 0.015 i 0.012 ! 0.006 
0016 oooi 

.. 
11 55 0.62 0.570 0.553 0.021 890 21 0.018 0.015 0.003 0.012 l 0.006 ... 

0:002 . - I ·o-.oo3 -12 60 0.59 0.590 0.572 0.020 895 20 0.019 0.017 0.016 0.013 

-l 
0.006 

13 65 0.57 0.614 0.596 0.023 900 18 0.020 0.018 0.002 0.017 0.063 0.013 0.006 
14 70 0 ,55 0 637 0.618 0.022 905 17 0.020 0.018 

. . 
0.017 

-
0.014 ' 

0.002 ' 0 .003 0.007 
15 75 0.53 0.659 0.640 0.022 910 15 0.022 0.019 0.002 0.018 ' 0.003 0.015 _ j _ opO? 
16 80 0.51 0.681 0.661 0.021 915 14 0.022 0~0-20 -0~ 002 

.. - -
0.019 0.003 0.015 : 0.007 

17 85 0.50 0.702 0.681 0.020 920 12 0.020 0~017 '0052 0.017 ' 0 .003 0.013 i · aaos 
' -- -· - - .. . 

18 90 0.48 0.722 0.700 0.020 925 11 0.021 0.018 0.002 0.017 0.003 0.014 I 0.007 
0.742 0.720 9 0,023 ·-0.021 

~ --· . 
' 

- i 19 95 0.47 0.019 930 0.003 0.020 0.004 0.016 0 .008 
0.46 0.761 0 738 0.019 935 

. 
8 0.025 0.023 0.00'3 ! 

0.017 0008 20 100 0.021 I 0.004 
21 105 0.45 0.780 0.756 0.018 940 6 0.031 0.027 0 .. 003 0.026 0.005 0.021 0.010 
22 110 0.44 0.798 0.774 0:018 945 5 0.034 0.031 0.004 0.029. I 

0.005 0.023 
-

0.011 
23 115 0.43 0.816 0,791 0.017 950 3 0.049 0.044 0 ,005 0.035 0.014 0.029 0.021 
24 120 0.42 0.833 0.808 0.017 955 2 0.068 0.052 0,016 0.035 0.033 0.029 

' 
0.039 

25 125 0.41 0.851 0.825 0.017 960 1 0.212 0.052 0.160 0.035 0.177 0.029 0.183 
26 130 0.40 0.867 0.841 0.016 965 4 a.Mo 0.036 0.004 0.034 0.006 0.027 ! 0.013 
27 135 0 39 0.884 0.857 0.016 970 7 0 028 0.025 0.003 0.023 0.004 0,019 0.009 I 

' 28 140 0.39 0.900 0.873 0.016 975 10 0.022 0.020 0.002 0.019 0.003 0.015 i 0.007 
29 145 0.38 0.916 0.888 0,015 980 13 0,023 0.021 0.002 0.020 0 ,004 0.016 0.008 

' ' 30 150 0.37 0.931 0.903 0.015 985 16 0.021 0.019 0.002 0.018 0.003 0.014 
I 

0.007 
31 155 0 37 0,947 0.918 0.015 990 19 0.019 0.017 0.002 0.016 0.003 0.013 0 ,006 
32 160 0.36 0.962 0.933 0.015 995 22 0.018 0.016 0 .002 0.015 0.003 0.012 0.006 
33 165 0.36 0.977 0.947 0.014 1000 25 0.017 0.015 0.002 0.014 0.003 0.011 0.005 
34 170 0.35 0 991 0.962 0 014 1005 28 0.016 0.014 0.002 0.013 0.002 0.011 

i 
0.005 

35 175 0.34 1 006 0.976 0.014 1010 31 O.o15 0.013 0.002 0.013 0.002 0.010 0.005 
36 180 0 ,34 1.020 0.989 0,014 1015 34 0 014 0.013 0.002 0.012 0.002 0.010 : 0.005 

Total= 0.989 0.252 0.327 
' 

0.458 
I Fm= 0.052 I ' 

ExcessRain3hr 



r 
0
-

. 

I . 

r 
;, 

Alm~I• D.11 I I ton.+ Oll411t1 
Vatlov-Dev K •m • • 5224.I ,\· No«OUUna 

1~ T• 1 ·- 1 1 .,,,\ 1 Runoff Tm1. 

• tmlnl ·~ .... Cfo/1n 0.004 a.001 0.... o.oal O.GOI o.ao• o.alll I a.oat O.OOI O.OOI D.DOI D.GOI D.DOI 0.llV7 0.007 0.007 D.OOI a.007 0.001 D.DOI o.01a 0.011 O.OZ1 o.an 0.1U a.au O.OGI a.007 o.aaa O,llll7 DJIGI I o.ooa D.DDI O.DDI o.ooa o.oaa lclll ,.,., 

r. 
1 I D.OIS 1.0 420.2 1.U I I 1.t 2.0 
:Z - 10 0.197 :ZU ""·" 3.41 1.11 IA I.I 
3 11 D.250 45.5 1179.1 ua U3 U7 I 10.I 11.t 
4 20 a.us 72.6 1409.8 l.J1 5.:111 3.IS 2.00 I I 17.1 11.I 
a 26 D.417 au 142.• 3.n 1.40 u2 ut 2.1111 • au u.a 
0 so 0.500 IU 301.I 1.02 3.IS uo 6.01 3.12 2. 10 ' au H.7 

1 n o.1u 11.2 nu 0.12 1.14 3.14 1.10 u1 u1 2.11 1 au n.a 
a 40 0.11111 111.1 aa.o o.za 1.01 4.01 a.n uo 4.03 i 2.22 • au 11.7 
I 41 0.750 H .t ·31.1 0.14 0.28 0.05 1.72 4.14 7,05 0.12 , 4.11 I 2.31 II.I 14.I 
10 so a.au o.oo 0.14 0.27 o.oo 1.71 4.21 1.31 • an ' 4.21 2..37 au au 
11 ~ D.117 0.00 0.00 0,1& 0.28 0.111 1.111 4.37 I 7.45 ' UD 4.37 2.411 H.I H.7 
12 oo 1.000 o.oo o.oo o.oo 0.16 0.21 0.10 1.11 • 4.46 1.n o.14 u1 2.64 au 42.t 
II ea I.DU . 0.00 D.00 D.00 D.00 0.16 D.21 D.... 1.81 4.84 7.84 8.1111 4.70 2.ea ao.o ..... 

r 
14 D· 1.1117 D.00 D.00 D.00 D.00 0.00 0.111 D.30 0.74 1.11 4~'14 U~ 7 .11 4.118 2.70 11.1 41.f 
16 76 1.250 o.oo a.oo D.00 D.00 D.00 o.oo 0.10 UI a.77 2.04 4.97 a.Iii 7.51 6.11 2.u . .. ' ,, ... au If.I 
1a ao t.us o.oo a.oo o.oo a.oo a.oo · 0.1111 a.oo 0.10 o.32 o:r1 2.u 6.fll 1.00 1.111 6.41 3.oa .. au 11.1 
17 H 1.417 0.00 0.00 D.00 0.00 D.00 0.00 a.oo 0.00 D.17 D.U D.02 2.18 I.SI 1.27 0.20 5.06 2.117 :14.f f0.4 
10 '° 1.500 o.oo o.oo o.oo o.oo o.oo o.oo a.oo • o.oo o.oo o.f'f a.w o.14 2.31 u• 1.11 a.11 4.M 2.02 .,. uA au 
18 85 UH D.00 D.00 0.00 0.00 0,00 0.00 0.00 ! 0.00 0.00 0.00 0. 11 0.U a.II 2..31 .1.81 10.20 7.60 5.21 UO U.I fl.I 
20 100 1.007 D.00 D.DD 0.00 0.00 0.00 0.00 0.00 I 0.00 0.00 0.00 0.00 D . .tl 0.37 0.82 2.64 B.13 I.Ill 7.82 1.82 3.4• • H.4 17.1 
:ZI 105 1.760 D.00 0.00 D.00 0.00 0.00 0.00 ! 0.00 0.00 0.00 D.00 0.00 0.20 0.36 0.91 2.13 6.31 1.411 I.II a.Ill 4.,. II.I 71.1 
22 110 1.033 0.00 D.00 o.oo 0.00 0.00 l o.oo 0.00 D.00 D.00 0.00 0.00 D.:ZO 0.41 I.DI 2.30 ue 10.u I.II .It 4,70 I 42.4 n.o 
23 116 1.117 0,00 0.00 0.00 t 0.00 t 0.00 0.00 0,00 0.00 0,00 D.00 D.00 D.U D.42 0.11 ' 2.4J 1.42 11.61 II.II f.11 UD .. 11.D '7.1 
24 120 2.000 0.00 0.00 I 0.00 0.00 I 0.00 0.00 D.00 0.00 D.00 0.00 D.00 D.23 O.S7 D.H 2.78 B.112 13.811 13.11 II.DI 11.411 70.1 110.I 

27 136 2.260 0.00 D.00 D.00 0.00 D.00 0.00 D.00 D.00 D.00 0.00 0.00 0.24 · DAI 1.311 4.04 17.46 16.23 211.10 10.11 3.71 IOI.I HU 
21 140 I 2.333 I D.00 O.llll D.00 0.00 0.00 D.00 0,00 D.00 0.00 D.00 D.00 0.20 D.67 1.50 7.41 SS.DD 258.44 15,u ue 3.00 nu 01.2 

I 

' 
21 145 I 2.417 I D.00 0.00 0.00 0.00 D.00 D.00 D.00 0.00 0.00 O.DD 0.00 0.31 0.06 2.11 14.17 164.AS 10.S!I 10.5e 5.64 1.111 110,1 141.1 
30 150 2.500 , I 0.00 D.00 0.00 0.00 0.00 D.00 0.00 0.00 · D.00 D.00 0.00 0.36 1.20 1.41 60.32 ' 10.111 12.IS IA1 5.17 2.15 114.D 111.4 
31 155 2.513 I D.00 D.00 0.00 D.00 D.00 0.00 0,00 D.00 0.00 0.00 0.00 D.14 2.27 26.52 4.71 7.H 10,05 0.12 1.27 2.01 17.I 17S.4 
32 11a ! 2.6117 I D.00 0.00 a.oo a.OO 0.00 D.00 D.00 0.00 0.00 0.00 D.00 1.22 ID.02 1.81 3.24 II.DI 10.H ·t.OD 4.12 :Z.42 41.1 111.7 
33 105 I 2. SD I 1 D.00 0.00 D.00 0.00 0.00 D.00 0.00 0.00 0.00 D.00 0.DO 6.88 a.71 1.25 2.!I 1 0,37 In 7.32 4,47 2.27 40,I 2'4.7 
34 17.Q____1_1~-·~33;-t----:--t----;----r----r----+----+----+----+---+-'---;--'--t----t----t------fl---~-----fl--a~.oo==--+-;D.~OO;-.+-~a~.OD;-+-~D~.OO;-+-~D~.OO:;......;..~D~.00:;.....;..~0~.00:;..--1-~0.~00--+-~D~.OO:;...+-~a~.00:;.....;..~0~.00:;..--1-.....;;D.~40--+-~D~.52;....+-~a~.H;;.......;..~2~:"'~•=--+-~~~·n;-.;.-71~.7~B-+--il~.7~1---11--4~·~11;-+-T2.T14:--+-T:::-+----+--~'2..l:T--+--;'~'°~.4:---1 
3i 17512.117 1 I 1 I D.OD 1 O.OD 0.00 0.00 O.OD O,Dll D.00 Q,llD D.DD 0.00 D.aO 0.21 D.41 I 1.a6 2.41 5.23 1.12 B.311 US 2.01 II.I SOU 

~~_-·"'if'~!,.1,_.-r--;,::~~,_.-+'--:-!:~~.,u,_1----+------11---·-+---+--'''----+----1---::::i ..• --:-~'.,...._-::t' :::::t' :::::~::::::'t:::::t:::::t:::::j::::::t:::::j:t:::::i:~0~·00~tjt:~~,:~00oot:±:jgo::~::t:]g~::[:j:jgo:~~at:t:]g~::[:jt:o[0:~:t:±:jgg::~t:t:~g:]·onoo[:j:Jg;:oo~ODt:±:j~o::~:jt:[~:~:t:j+:j~~:44~2s[:j.:jg~:f~a:jt:~~:~:!t:!:j:t:~~"::t::j!j::~::t::1~:~:i:t:1:J:t:~~··~t:t:~~-~·~~1 :1:::~=~~t::j:::!~::~~!::j 
31 180 3.117 i I 0.0D I 0.00 D.DD 0.00 0.00 . 0.00 0.1111 D.00 0.00 0.00 I D.DD 1 D.21 0,38 l D.11D 1.86 I 4.21 0.111 5.44 II.I ZN.I 

L 
~1-:~3~1::t:~1~16~:~:~3~.2~so~~~:::::~:::::::~:::::~:::::~:::::~:::::~:::::~+' .::~-1-. -~1 :::::::::·.t::::::::..::'t::::::::..::'t::::::::..::';:::::::::!;::::::::j:;::::::::..::';::::::::::::t::::::::::..t::::::::::.t::::::::::j::::::::::J';::_o~._oo=_-_-t--~~o~.~oo~--i.~--~~o~.oo~~~--4~-~~a~.~o~o~-~~--~~o:ff.ooJ'c:c::~o~.~oo~:."i-_~~o~~·oo~~~--4~--~~o~.~ooJ'::.:t::Jo~'~··oot::Jc..::'~o~.~oo~~~--4T~--~~a~.~ODJ"::.t::l'o~.±1~•~-~~i~~~a(!.ssJ"::J'c:!~o~.,t1'6L_::~~·--~~1~.l41.!-:._-~~--~7,~·~o.f1::j'::j'(J.10~::J::::::~1~s~,~··1::::::.t::::J'~1~•(}.1:;:~j 40 :ZOO J 3.333 , I O.OD O.OD 0.0D 0.00 D.00 D.00 0.00 O.OD D.00 l D.OD 0.00 ;. 0.11 I D.31 I 0.71 1.76 3.11 I .I Hl.t 

_4;:,;1:... .. -i-~:z.,o;;.5___,1~3"'.4~17'-l----1-----1----1----1----+----l----+--=:~r.-- I I I 0.00 a.oo D.00 a.oo D.00 0.00 0.00 a.oo a.OD a.oo 0.0D I D.17 I 0.21 0.17 1.17 u 117.4 
t--42~-+~2~10;--'-=-3~.6~00;-11----1------r---+---+----l----I--- 4 . ' ---+~--+---+---'i-----i'----i----+---+---+----l----1-----1----+---+....!a~.OO~...;..~O~.OO~...;..~a.~oo;.._i-~D.~00;.....+-~D~.oo~-+-~o~.OD~--1-~0.~00;.....~l -la~.OD:;....1.-~D~.oo~~l . ....;a~.oo==---1-~D.~00;.......;-~07.ll;--1-~0~J~l-;--;D~.ll4:;:....-+--~1~.1--+-~1~n~A:---1 

41 216 ; 3,183 t ,----, --, I D.00 0.00 D.00 0.00 0.0D a.M a.DD 1 D.00 l D.00 D.00 0.00 D.16 0.27 0.4 llU 
44 220 3.11117 I I I 0.00 a.oo 0.00 D.OD O.Da 1 O.OD I 0.00 O.OD t a .OD 0.00 0.00 D.14 0.1 144.D 
46 225 I 3.750 I I I ! ' I 0.00 0.00 D.00 o.oa O.OD l o.ao ' D.00 a .oo 0.00 O.OD a.oo o.a 114.f 

L 
. 41 230 t 3.033 I I I J a,oo a.OO D.00 ! D.00 I a.OO I D.OD D.00 ' 0:00 a.OD O.OD 0.0 .N.t 
47 236 I 3.817 I I I I · ' ! I I O.OD a.Ill> a.OD ; D.DO I a.OD D.00 0.00 0.0D O.OD D.O au 
~ " 240 4.000 1 I ! I ; t 0.00 D.OD I 0.00 a.oo D.00 0.00 0.00 O.OD 0.0 7U 

48 246 t 4.013 I I I I ·a.OD I D.00 I 0.00 D.00 0.UU D.00 0.0D 0.0 fl.D 
t---~ ,__ 250 4.187 I 1 I I I I 1 i ' a.DO a.OO a .OO 0.DD 0.0D 0.0D 0.0 41.4 

L 
L 
L 

1--•:.;1;--1--;;25,;5;-+'_,4':.250~-1----+-----+---+---+,---t---+---+ ':-- f : I i ' : ' ! I ' ! ·1 I D.OD a.DD 0.00 O.DD O.OD o.o II.I 
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0

~·_
00

_,1_~~~·::....-1-~g~::;.....-1'-l~~::~-1--~:~!'---l--~:,~2.3~·"--1 
64 270 I 4.500 I • -....;·----' ___ _,_; ---'·o,---l·'----1-1 _ ! 1 I 1 I 1 I I a.OD l D.00 0.0 7.1 

~~6~6f--f--;27~5f-+l~4~.5U~--l----+-----+----+---+--_,f----T'-----i-'--~,; ; I ~----1+::·::::::::_-r,:_-~:::~~,_-::_-::::::+1~_:::-_-:;-___ ~1 ----ii----+----l----+----l----l----+----l---+----1.---+'-·:....--1'----T' ----i~----+----+--'--'f-~O.=OD=--+--To.~o--+-......:;'~··f--+ 
511 211D I 4.11111 I ,,• -l---!-----1---+-----l'---+-'---i- I 1. I I 0.0 U 67 215 4750 j____+ I · ; ....----- I ---~---+--_,_---1-----<-----'1-----i----1----1----1----+---+---1----.;.---+----1..----i----+·--....... ----.;.---+--;;0;;.....-1--;::;;..-~ 

,_"i8"°_ - 280 i 4:133 l ----Y- ' a ! I ... -;-,---t---~,---t-----+----+----+---+----+----+---+----l----+---t----1---....;~----+'----i----'-,---+-'---l:'"'""--+-:---f--~D~::;_.-i--:~~~.--I 
,_ 68 215 ! 4.117 I I ' ' ;· ' ; I I I I ' o.o 1.1 

,__.oO 300 5.000 j:.._ i __ L ! • · · ; I ---+----<'----l-' ----1----i---+--·--1-'----i-----1-----l---+-----1-----l---~---~'1---+---..J..----;,..+---'-' ----::r::::::=-• ____ •. ! t a.D IA -~-)o5 5.01> ; --!--,-.. ;:::...~:--;·----;-----'.----,--r. i- I ' =t=3 I ' ' • I 0.0 1.0 

=:~~'=~~--f :~;;_.____ ·--t---r-----l----+----·- -·--------+---·---1-·±:--·-----l : I : ---t-:,L=t. ~ ~+.' .:::±.· _- =+="--:. =l==·-'. ..---:: --:-:: __ ,___~!! ·-
14 320 , 6.333 1------1----1---•'--r-----+-' .=±:=:t:=:~=-..L.• _-=L_J__ 1 "·-+::-__i__±=-~·--_;.., ---'-', ----,+---+----+---t---+----+---"---+----i,---.._- 1 ----'----1-....;o"'.o'---'--a:;:.a~--i -er-- -· 325 t 5.417 t , --------------r i , t 1 _ _.,'-----+----<l~---;---4----1----1---4----+_;,--.1----1----+,---+-, ---.;--·- D.D 0.0 
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_.. • min• : thtl 1'111 tcflllnt a.~ , 0.001 • 0.001 0.001 o.ooe 0.001 1 0.001 0.005 0.001 O.OOI 1 0.001 0.001 O.OOI 0.001 1 0.001 1 -,o,.;.00"'1~-o"",0"'0"'1-;.l -=o'"'.a"'o1"-,...i -o"".0~0"'1,......_""'o°".o01 ' 0.010 1 0.011 I 0.011 1 0.03t o.11s 1 o.ou O.OOI 0.001 ! 0.001 ! 0.001 1 0.001 • o.oot o.ooe ' 0.001 0.001 1 o.oo1 IClll 

1 5 I a.on 1.0 75.9 0.3' : I I I I I I ' I I I I . ; I I ' I I I I I D.3 
2 10 : Q 187 22.9 1CC.2 Q IS Q 3' I ! 1 I ! I i l I I I ~ ' I I I I 1.G 

1--;3-+-~15=-'"",f-io~2~5~o-+-;,5~.5:--+--i:2~12~.8;--+-~0~:9a1,_,i-'.P~:"'~-+--:o~.:ie,.,...-+---+---+---+---+---;.....--1---1--,-__,,f----+----+'---+--~---~, ----'----+,----i--·--.+----L-----'--,--+---+----t,---1----1----+-, --~---, ·---r-·---','----;.-----1-,--+-1---i--..,1~~,--i 
---;-- - 20 : o.sss 72.5 25'.e 1.1' o.97 o.ee o.31 1 • 1 • • 1 , 1 1 1 1 1 1 1 s.1 
1-....,;5'--+--'2~5;--'i-o?,,~1~1-+_..1~1..,.1,__1-_,112==-:.1'--+-=o~.1~1-+_,,1,_. 1~1;.-~' -i'1.~0D-+....,;o~.1~1-· +-_,,o..,.3~7-+-,...,..,-t'---+----'---+----+----+'---4---+'---+---+----+' ----''---+-~~~·---!....---l----+'--~1L. __ +----+-----1---+-'---1----t-~-+-'---t----t---t----r-~'~~r---i 
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... -_-..:,""::.:;~:::~:::.:;::;~~::':.:;:~:g~~~:~:::::~:::::::~':.:;g~:OD:;OD;,""'_-_;_-...,,..g;:;:~~"o~:':.:;g~:oo~0~0~:':.:;g~::~~~'::.~g~:g~~:~:~g"i:,,.~:.:;3,_-_++---.:;;;.:~.:;;:~~~a,_-_++---.:;;;.:g.:;;:;;!::;;:;---.i-... -_..:.o;;.:
1 ."'·'°:;,a.:.::-_:..:.:f.'.2=,,;~~:1;_:_"'~"'2e::;;1~3~:'::"'g"":"'~~5~-:;.~:;o~.,~1:,."1.:::::~::::::.':1 ::·_:_:_-+-;..-__ -_-_.l1-!-=J=--l1-:::~1L.':... ___ -_-_--~!'-_--_-_-_---+l-_-_-_-_-_-± 1t:..·- _-_-_-_-:.i.:. _-_-_-_-_-~4--_-_-_-_-_i_:... _____ - _---++.--_-_-_---++.--_-_-_-_-..;+•:::::j::::::!~:::::t:::::~~::::~~:::::t:::::+:::::~:::{1'iA7 _-_-_,-i 

" 10 1.111 o.OD o.oo o.oo o.OD a.OD 0,03 o.a5 o.n o.:ie o.u 1.50 1.29 o.llO a.so • ; 1 • u 
15 1s 1.250 a.OD o.oo o.oo o.oo a.OD o.oo o.o3 o.oe 0.1, a.37 a.ea 1.5' ue o.92 1 a.n 1 , 1 ' u 

1---1~1:--+-·~10,.._-1-_1~,3~31==--+---t-----1-~o?.o~o,__,!-o?.o~o;-!-o,_.o~o,__,!-o~.oo==--+-' ..;;o..,.oo==--+-.:;o.:;;.oo.,_~.:;o~ .. OD.,_+-:.:;o.:;;.os;-+-:.:;o.::;;oe;-+-~o.~1•;-p...~o.::;;39;-1-D:-·12::;...-1-~1~~~a_,__,1~.'°:;...-+-~01~ .. •,:<::;;.! ~ .0
1 
. .01
2
5_ i a.·, 1 -L,~---l-.--l---l1 ___ j..._ __ .j._1 __ .j._ __ -l----l----l--;__-l----+---+----l---r'----t----t---r---+---t---f''t1--i 

17 15 1.Cl7 a.OD Q,QQ 0.00 0.00 O.OD Q,OD 0.00 Q,QQ 0,03 0.08 o.u Q,'° o.97 l.e7 • I ; I u 
11 90 UOD Q.OD 0.00 a.DO a.OD 0.00 0.00 0.00 0.00 a.OD 0.03 o,oe 0.15 U2 1.00 1.79 I 1.51 I 0.18 0.51 I , , I : :~ 

f-..,1~9-i+--ii.95=--+·"l;:;.5~11!1~t---+-----+-~D::,.OO:i'-+~Q~.QQ~-!--:Q~.QQ:i'--+-·~o~.QQ:i'-+--;o;:.;.OD;;-+--:D".ooi-+--:D::.D:-D-+-;D::.D:-D-;--::D·:;:OO:-+-?Q,;;OO:-+-?Q';;D3.,._1--o;:.Dl:;--+-..;D::,,1;.:l,--+-;0::;·';;1-;__,1;,;.D;;7"""'"1.._~l.,;:ll.,._'--71.i5 Q,IM G.51 ; ' ! --.+I ---+---J..----+---l--_;l---T-----+---+---+----+---+---j---t'---t-~r.--1 
1--~;;.:~'--+-~:0~0:;--1--::~~~:~~-+--!-f-----+--g;;.::::;;::--+-..;;~..;::;;.-...._-~?:~;;.::;-1-~g:,,.:=-+--.:;~~::=-+-.:;g.:;;:g'~o-t....,;~;:;~~~;-1--~g:~~~;-t-:.:;g.:;;::;;.--1-,.;g"":gc>~o;.-1-~:-:~g~:--t-::;;:.:;;:~::;;3 -4-;g.:;;!.~1_.....,;g~:~~~,__1-.;,.;g:~--~~- ·-i .. f.~" ... l .. -l:f}--·:..:~:~~~-,i--~~:~~:~__.___-+,-o_.1~s-"'"f_~1--4;---~,' ---+---+----+----+---l----.4.,...---+----i----i,-i. ·--,--,---'r---i'---i--· ~~A~•-_, 

22 110 1.133 0.0D 0.00 Q.00 0.0D 0.00 0.00 0.00 0.QQ 0.0D 0,00 O.OD 0.0D 0.0D 0.1>' 0,07 I 0.11 U2 I 1.02 1.IM 1.75 1.39 I 0.15 I I 1 ' I 7·7 
23 115 1.917 Q,OD 0.00 0.00 Q.OD 0.00 0.0D 0.00 0.00 Q,OD 0.00 I 0.00 0,QQ Q,OD 0.00 Q,Q, I 0.01 ; 0.11 1 O.« 1.11 I 2.09 2.11 1.57 I 1J7 I U 
2' 120 2.000 O.OD Q,QO 0.00 O.OD 0,00 Q,OQ 0.00 Q.OD a.OD Q.OD Q.QQ 0.00 O.OD O.GO Q.00 , 0.°' 0.07 i 0.17 0.50 1.25 2.52 2.SI I 2.80 U7 IU 

-·25 125 2.013 O.OD 0.00 I 0.00 0.00 0.00 0.00 0.00 a.OD 0.00 0.00 Q,QQ O.OD 0.00 O.OD Q.00 0.00 0.1>' I 0.07 0.19 0.5' 1.11 2.15 I , ,41 5.0 13.91 11.a 

21 130 2.111 o.oo o.oo o.oo a.OD o.oo a.OD o.oo o.oo a.OD o.oo o.oo. a.OD o.oo a.OD o.oo a.DO o.OD~~-lo!:!.o~•-t-!oM.0~1-l-!o~.2g1-J__;D~.eg;51-1-~1,~10[L.;.._45~.2f..1 -J..~1~.3'~+-·~25~.1flo~__;ol!:..a~9i-l-=:-l---+----+--+--+---t---t---r---i---t-i'iisi.ol"i 
21 135 2.250 o.oo o.oo 1 o.oo o.oo o.oo a.OD o.oo a.OD a.OD a.OD . o.oo o.oo o.oo a.OD o.oo o.oo o.cio o.oo a.I>' o.oe 0.25 o.n 3.15 u1 38.oa 1.12 o.1a au 
21 1'0 2.333 O.OD 0.00 O.OD 0.00 0.00 0,0D O.OD 0.00 O.OD 0.00 0.00 0.0D Q.QQ O.OD O,OQ 0.00 0.00 I 0.00 Q,00 Q,05 0.10 O.ZI ' 1.35 5.118 '8,111 2.77 1.21 0.5' I ll.O 
a 10 2.,11 a.OD o.oo o.oo · o.oo o.oo o.oo o.oo o,oo o.oo o.oo o.oo a.GO o.oo a.GO o.oo a.OD a.GO 1 o:oo o.oo a.GO .o.oe 0.12 o.u • z.se 21.11 3.31 u1 1.0D o.57 I n.1 
30 150 2.IOD 0.00 0.00 O.OD 0.00 0.0D Q,OD 0.00 0.00 O.OD 0.00 O.OD ·O.OD O.OD 0.00 Q,00 D;OO I Q,OQ 0.00 O.GO 0.00 O.OI 0.22 0.H 11 .97 I.ti 2.21 1.52 I.DI 0,51 JO.I 
31 155 2.583 0.00 O,OD 0.00 O.OD O.GO 0.DO O.OD Q,00 0.00 O.GO 0.00 0.0D 0.00 0,00 O.OD I 0.00 Q,00 0.00 O.OD Q,00 0.12 0.,1 ,,81 0.15 1.31 1.11 I.II 0.95 0.'7 lZ.Z 
s2 110 2.111 o.oo o.oo a.GO o.oo o.oo o.OD o.OD o.oo o.oo a.DO o.oo o

0 
.. o
0
o
0 

1 
0
0 . .0000 ~.ODGO.g_411_J0o~ .. oo0~0~1-~00~ .. o00~o....1....JD1:!.GOgg._.,.l__go~.OD~-i--'og:.oo~-l-~o':1.o!gD-l....JDg:.22g..-1--l1:.l.82~-l-__go.;3;3-1....Jo~.s~1!-l-~1~.0~1-l-.f1.~82~+--l1~,,:;5-~7D.1*7-f-o~.~"i-+-n-..-+' ---j---t----r-~

11:.ai---j 
. 33 115 2.750 0.00 0.00 O.GO 0.00 a.OD Q.OD Q.OD a.GO O.OD 0.00 ~ O.OD O,OD 0.00 Q,GO O.GO l ,03 0.1' 0.23 0.'7 1.15 1.73 1.32 0.81 0.41 7.J 
S4 170 2.133 o.oo 0.00 D.00 0.0D 0.00 0.00 a.DO 0.00 0.00 ~ 0.00 0.00 0.00 I o.oo 0.00 0.00 o.oo o.oo 0.00 0.00 0.00 0.07 o.oe D.18 0.48 1.03 · 1.ae 1.23 : 0.71 0.38 •.• 
35 171 2.117 0.00 O.GO O.OD 0.00 Q.QO 0.00 O,QQ O,GO 0.00 0.00 O.OD i Q,00 O.OD Q,OQ O.OD 0.00 O.OD O.GO Q,QQ • 0.00 0.05 0.07 0,19 0," I O.IM U7 1.15 0.71 0.37 U 
51 ·110 3.000 O,QQ 0.00 O.OD o.oo o.oo Q.GO o.oo O,OQ Q,GO 0.00 0.00 O,OD a.GO Q,QQ 0.00 : Q.GO O.DO O.GO I 0.00 0.00 o.°' o.oa Q,17 I Q,,1 O,H 1.37 I.QI 0,81 0.35 I.I 
37 155 uu a.GO o.oo o.oo a.OD a.DO o.oo o.oo a.DO a.GO a.DO o.OD : o.oo o.GO a.OD o.DO o.oo a.GO o.oo o,GO o.oo a.I>' 0.01 1 0.11 • o.:ie 0.12 uo 1.03 D.15 u 
31 180 3.111 o.oo o.oo a.OD o.oo o.OD o.oo o.aa . a.GO o.oo a.OD a.OD a.GO o.oo o.ao o.oo o.oo o.oo a.GO a.OD 1 a.DO o.o• I o.oe o.u a.SI o.n 1.23 o.ee u 
38 195 3.250 0.00 Q,00 Q,OD 0.00 0.00 O.OD 0.00 Q,QQ O.GO 0.GO 0.00 0.00 Q,00 O.OD 0.00 Q,OD Q,QQ 0.0D 0.00 · 0.0D I 0.03 0.08 Q,1, 0.33 0.7• 1.17 J.I 
'° 200 USS 0.00 0.00 O.OD O.OD Q.OD 0~00 a.GO 0.00 0.00 Q,GO Q,OD 0.00 0.00 O.GO Q,OQ Q,OD O.OD 0.00 . 0.00 .Q,QQ O.OS 0.08 0.U 0.32 0.70 I~ 
'1 2115 u11 o.GO a.OD o.oo a.DO er.OD a.oo a.oo a.GO o.oo a.OD a.oo o.oo a.oo o.oo a.GO a.OD o.oo o.oo o.oo o.oo o.o3 0.05 0.12 a.so a.a 
'2 210 UGO O,GO . O.GO Q,GO O:OD O.GO 0.00 0.00 0.00 O.OD O.GO Q.00 O.GO D.OD 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.05 0. 12 0.Z 
0 211 3.111!1 O.OD Q,OD 0.0D O.GO Q,00 Q,GO O.OD 0.0D O.OD Q,00 0.00 0.00 Q,GO O.GO 0.00 O.GO Q.00 0.00 0.00 Q,00 0.03' Q,05 Q.l 
" 220 u11 a.DO o;GO a.DO o.ao a.GO a.OD a.OD o.oo a.oo o.oo o.ao o.oo o.oo o.oo o.oo a.OD o.oo a.DO a.OD o.oo o.o3 o.o 
'5 225 3.750 a.DO o.oo a.OD o.oo a.OD o.oo o.oo a.OD a.GO o.oo o.oo a.GO o.oo o.oo · o.oo o.oo o.oo a.OD o.oo o.oo o.o 
'I 230 3.113 0.00 O,GO 0.00 O.GO a.GO 0.00 0,00 0.00 · Q.OD 0.00 0.00 Q.GO . O.GO Q,OD 0.00 0.0D Q,00 0.00 O.OD 0.0 
'7 235 . · U17 o:OD Q,GO 0.00 0.00 0.00 0.00 0.00 0.00 D.OD 0.00 Q.00 O.GO 0.00 0.00 0.00 0.00 D.00 0.00 0.0 
'8 2'° ,,000 Q.OD Q.OD Q,QO 0,00 Q,00 O.OD Q,QQ 0.00 Q,OD 0.DO 0.00 0.0D 0.00 0,00 0.00 0.GO Q.GO D.O 
o 20 4.013 o.oo o.oo a.oo a.GO o.oo a.GO , o.oo o.oo o.oo o.oo o.oo a.OD a.GO o.oo o.oo a.OD a.a 
50 250 ,, 117 .. 0.00 0,00 0.00 Q,OD a.OD Q,GO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 
51 255 U50 Q.00 O.GO , Q.OD a.DO O.GO 0.GO 0.00 0.00 O.OD 0.00 D.OD 0.00 O.OD Q,00 0.0 
52 2llD •.331 a.GO · a.OD a.oo o.oo a.OD o.GO a.GO o.oo u.oo a.OD o.oo a.GO o.OD o.o 
53 281 U17 I 0.00 0,00 Q.GO 0.00 Q.00 Q,OD 0.00 0.00 0.0D Q,QQ 0.00 O.OD 0.0 
54 270 UGO Q.00 a.GO 0.00 0.00 0.00 0.00 0.00 0.00 O.GO . 0.00 Q,00 0.0 
55 271 uu a.OD a.OD 0.00 0.00 a.OD a.OD D.GO 0.00 Q,GO Q,QQ 0.0 
5a 210 Ul7 0.00 0.00• 0.00 0.00 0.00 O.GO 0.00 0.00 O.OD 0.0 
57 215 U50 Q.00 D.OD 0.00 0.00 O.GO a.OD O.GO 0.00 0.0 
51 290 uu , o.oo a.OD o.oo a.OD o.oo a.OD a.OD o.o 
59 291 U17 1 0.00 0.00 0.00 0.00 O.GO D.OD 0.0 
ID 300 5.000 0.00 0.00 O.GO 0.00 O.OD t.G 
11 305 5.083 ·<' 0.00 0.00 0.00 a.OD 0.0 
e2 310 5.111 '· o.oo o.OD o.oo a.a 
u 316 5.250 - a.OD Q,GO 0.0 
1M 320 5.333 ... Q,QQ a.a 
15 325 Ul7 I D.O 
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KERN COUNTY, 
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AND INCORPORATED AREAS 
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l''ederal Emergency Management Agency 
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This is an official copy of a portion of the above referenced flood map. It 
was extracted using F-MIT On-Line. This map does not renect changes 
or amendments which may have been made subsequent to the date on the 

~N'l!.l'-•"'-•tit l e block. For the latest product information about National Flood Insurance 
Program nood maps check the FEMA Flood Map Store at www.msc .fema.gov 
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Date: December 7, 2011 

Project No.: 043-2299D 

Subject: 

Project 
Short Title: 

Appendix C - Onsite Hydrology Calculations 

SOLEDAD MOUNTAIN 

CALCULATIONS 
Made by: CPB 

Checked by: TA 

Reviewed by: REK 

Conduct an evaluation of peak flow rates generated by the 20-year and 100-year precipitation events at 

the Soledad mountain mining site for pre-mining, post-mining, and Phase 1, Stage 1 conditions. 

Diversion ditches constructed for mining operations are designed for the 20-year, one-hour storm event 

per Surface Mining and Reclamation Act (SMARA) regulations. Since the ditches and ponds must also 

pass the 100-year flows, the 100-year flows are also estimated and presented in these calculations. 

For volume calculations, the 10-year, 24-hour precipitation is used to estimate runoff volumes during 

active mining operations to be used for sediment pond volumes as allowed in California Title 27 

regulations. Sediment ponds will also be required where activity will remain post mine closure. Design 

riser pipe outlets to release sediment pond volume over 24-72 hours and emergency overflow weirs in 

embankments to release 100-year flows. 

1.0 METHOD 

Using proposed mine plan topography and USGS quadrangle maps (USGS, 2005), subbasins were 

delineated for the pre- and post-mining, as well as the Phase 1, Stage 1 condition. Refer to Figures 1A, 

2, and 3 of the Site Drainage Plan for subbasin delineation of the three development conditions. NOAA 

Atlas 14 Precipitation Frequency Estimates were used to provide precipitation values for the 20-year, one

hour, the 100-year, one-hour and the 10-year, 24-hour storm events (see Attachment B). Peak flow.rates 

for the 20-year and 100-year storms were calculated using the Rational Method as set forth in the Kern 

County Hydrology Manual (Hromadka). Rational Method peak flow rates are used in the Site Drainage 

Plan as an initial estimate of ditch and channel sizing for the overall layout and comparison of all 

development conditions. 

Sediment ponds are sized to contain storm runoff up to the 10-year, 24-hour storm volume and release 

the storm volume over 24-72 hours, with larger storms passing over an emergency weir in the pond 

embankment. Runoff volume estimation for the 10-year, 24-hour storm uses the catchment yield fraction, 

Y, as set forth in the Kern County Hydrology Manual for disturbed basins during mining operations as well 

as areas active in the post-mining phase. 

l:\04\2299D\0400\0409 SDP\04322990 RPT-FNL SiteDrainagePlan APP-C OnsiteHydrology.docx 
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Appendix C - Onsite Hydrology Calculations 
SOLEDAD MOUNTAIN 

2.0 DATA & ASSUMPTIONS 

2 

• NRCS soil survey maps used to aid in curve number selection. 

December 7, 2011 
043-2299D 

• Unless otherwise indicated, subbasins are assumed to contain 2% impervious area. 

• Precipitation depths for the various storms were obtained from NOAA Atlas 14; full tables 
are presented in Attachment B (NOAA, 2004). 

• Time of concentration is calculated using TR-55 methodology for 100-year flow 
calculation. 

• The calculated time of concentration for the 20-year flow calculation was increased by a 
factor of 1.09 for flow segments 3-5 per Kern County Hydrology Manual. 

• All rainfall reporting to the active heap leach facility is fully contained within the lined 
facility. 

• Developed pit areas are assumed to act as retention ponds with no contribution to runoff. 

3.0 CALCULATIONS 

Basins were delineated and area-weighted composite curve numbers were calculated based on different 

cover and soil types, as presented in Table 1. Times of concentration for all basins were calculated using 

TR-55 methodology and are presented in Table 2 (USSCS, 1986). The 20-year and 100-year peak flow 

rates were calculated using the Rational Method in accordance with the Kern County Hydrology Manual. 

Rational Method calculations are presented in Table 3. 

Basin information and calculations for the 10-year, 24-hour runoff volumes using the Kern County runoff 

volume estimation are presented in Table 4. Calculations determining riser outflow pipe orifice and 

overflow weir sizing are presented in Table 5. The 10-year, 24-hour runoff volumes were used to 

determine sediment pond volumes for Basins W1, NW1, NW2, N2, E1, and L 1 for the Stage 1, Phase 1 

condition and Basins NW2, N2, E1, and E2 for post-mining operations. Runoff volume to be detained in 

sediment ponds for Basin NW1 for the Phase 1, Stage 1 condition will be diverted to Pond NW2, which 

will have capacity to detain the 10-year, 24-hour runoff from both basins. 

4.0 CONCLUSIONS/RESULTS 

A summary of the estimated peak flows calculated with the Rational Method in accordance with the Kern 

County Hydrology Manual for the pre-mining, Phase 1, Stage 1, and post-mining conditions are presented 

in Table 3. Required sediment basin volumes for the 10-year, 24-hour storm event are presented in 

Table 4. The larger calculated sediment pond size of the Phase 1, Stage 1 or post-mining scenario was 

used to determine required pond capacity. Flows from Basin NW1 will be conveyed to Pond NW2 in the 

Phase 1, Stage 1 scenario and therefore Pond NW2 is sized to contain runoff volume from Basins NW1 

and NW2. Riser pipe orifice sizing and emergency overflow spillway sizes are presented in Table 5. 

These calculations are summarized in the table below. 

1:\0412299010400\0409 SOP\04322990 RPT-FNL Si leOrainagePlan APP-C OnsiteHydrology.docx ~ •J!Gold er 
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Appendix C - Onsite Hydrology Calculations 
SOLEDAD MOUNTAIN 

Development Basin Area Composite 
Condition ID (acres) CN 

Pre-Mininq W1 241.7 79 
Pre-Mininq NW1 48.9 77 
Pre-Mining NW2 206.1 76 
Pre-Mininq N1 226.0 72 
Pre-Mininq N2 64.1 81 
Pre-Mining E1 291.7 85 
Pre-Mininq E2 325.3 80 
Post-Mining W1 228.2 72 
Post-Mining NW1 52.0 72 
Post-Mininq NW2 143.8 80 
Post-Mining N1 177.4 65 
Post-Mining N2 138.2 78 
Post-Mining E1 100.2 82 
Post-Mininq E2 222.6 82 
Phase1, Stage 1 W1 245.1 78 
Phase 1, Stage 1 NW1 42.1 74 
Phase 1, Staqe 1 NW2 118.4 84 
Phase 1, Stage 1 N2 150.5 84 
Phase 1, Stage 1 E1 105.4 86 
Phase 1, Staqe 1 E2 199.3 80 
Phase 1, Stage 1 L1 110.8 64 

3 

20-year 
Rational 

Method Peak 
Flow 
(cfs) 
266.9 
75.2 

217.5 
228.2 
72.3 

380.1 
372.3 
150.6 
72.6 
127.9 
140.1 
163.1 
123.1 
306.9 
256.5 
49.7 
159.7 
205.4 
159.3 
270.9 
72.3 

1:104122990\0400\0409 SDP\04322990 RPT-FNL SiteDrainagePlan APP-C OnsiteHydrology.docx 

100-year 
Rational 

Method Peak 
Flow 
(cfs) 
481.6 
131.9 
401.6 
429.8 
128.3 
653.0 
666.8 
307.8 
131.2 
237.0 
277.9 
292.2 
214.0 
524.9 
468.6 
90.0 

273.5 
351.5 
272.1 
468.1 
153.7 

December 7, 2011 
043-2299D 

10-year, 
24-hour 
Runoff 
Volume 

(acre-feet) 
-
-
-
-
-
-
-
-
-

9.4 
-

7.8 
7.4 
17.0 
15.7 
2.1 
9.8 
12.4 
9.5 
-

1.8 

(fJtGolder 
Associates 



Appendix C - Onsite Hydrology Calculations 
SOLEDAD MOUNTAIN 
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4 
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Appendix C - Onsite Hydrology Calculations 
SOLEDAD MOUNTAIN 5 

6.0 LIST OF TABLES & ATTACHMENTS 

• Table 1 - Basin Summary Table 

• Table 2 - Basin Time of Concentration Calculations 

• Table 3 - Rational Method Calculations 

• Table 4 - Sediment Basin Volume 

• Table 5 - Sediment Pond Riser Outlet Pipe and Overflow Weir Sizing 

• Attachment A - Time of Concentration and Manning's Flow Coefficients 

• Attachment B - NOAA Atlas 14 Precipitation Tables 

• Attachment C - Intensity-Duration-Frequency Curve 

1:\04122990\0400\0409 SDP\04322990 RPT-FNL SiteDrainagePlan APP-C OnsiteHydrology.docx 
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GOLDEN QUEEN MINING CO. L TO. 
SOLEDAD MOUNTAIN 

Project Number: 043·2299D 

LL 

Desian Storm 100 -Year Reccuranca Interval 
2-Year 

Storm Duration Depth 

~-~~ni) (inches) 
1.35 

Subbasin 
Area 

Subbasin ID (acres) 

W1 241 .68 
NW1 ,_. 48.94 

NW2 - 206.05 
N1 225.97 
iii2 64.12 
E1 291.72. 
E2 - 325.26 
W1 228.17 
Nw1 52.0i-
NW2 . 143.82 
iii1 - - - 177.41 

~ 1 38.17 
E1 100.19 

lUU·Year ' 
Depth 

(Inches) 
3.67 

Subbasin 
Area 

·(sq mile) 

0.3776 
0.0765 
0.3220 -

- 0.3531 
0.1002 
0:4558 
o.5082 
0.3565 
0.0813 -
0.2247 
0.2772 
0.2159 -
0 .1565 

' Storm 
' Distribution 

II 

CN-63 
Und1stUibed 

DESERT 
SHRUBHSG 

A 
(Acres) 

12.58 
_1~ • 

9.17 

CN-77 
Undisturbed 

DESERT 
SHRUBHSG 

B 
(Acras) 

13.63 
13.80 
533 
0.75 
34.26 

E2 222.62 0.3478 36.82 T 

o.<g 

1.41 
W1 
NWi -
NW2 
N2 -
E1 
E2 
'IT ~ 

Total: 

245.05 0.3829 
42.14 - 0.0658 -

1 18.37 - . 0 .1850 
150.49 0.2351 
105.39 --0.164i -

1 99.32 - 0.3114 -
110.76 0.1731 

3437.bb 5.37 

77.92 

15.45 t 
0.28 

- 2.ss . 
0.44 
59.83 
106.84 r 

1.41 

i 
t 

1 
.;. 

t 

-- -

TABLE 1 
SUBBASIN SUMMARY TABLE 

CN-85 
Undisturbed 

DESERT 
SHRUBHSG 

c 
(Acres) 

7.68 

5.33 

CN=88 
Und1shJrt>ed 

DESERT 
SHRUBHSG 

D 
(Acres) 

31 .32 
8.49 -
46.18 -r 

CN=65 

Reclaimed 
Heap Leach 

Pad 
(Acres) 

98.44 
14.9f 

177.4f 
5.36 

CN=77 CN=70 

ROCKDUMP , ROCKDUMP 
TOPS 1 OUTSLOPES 
(Acres) ' (Acres) 

39.57 
16.96 
40.52 

- 48.27 
18.97 

2.40 

+ 

9.99 
3.91 
2.41 

Page 1 of I 
Golder Associates 

J:\04JOBS\043-22990_Solodad (2Q06.2011)\P hase0138_S~e Drainage Plan\Site Drainage Plan Revised Nov 2011\FO'lal_P ackage\SDPAppendixCBasinH&H v4.11.xlsm. 

Date: 12/21/11 

By: CPB 
Chkd: B\lll'r' 

Apprvd: ooi., 

Composite Unit Runoff Runoff Runoff 
SCS Curve S = 1000 • 10 Q Volume Volume 

No. CN (in) (ac-ft) (fl") 

CN=72 3.89 1.23 23.46 1,021,710 
- CN=72 - 3.89·------ 1.23 5.35 232,938 
-- CN =so · -~---- --· --~- 21 .24 925,255 
·----c;;r;~- - 5.38-- -~ - - 12.46 542,798 

CN = 78 2.82 - 1]3- -- 18.74 ---"'8'i6,400 
CN - 82 2.20 ·-- ----1':92- -15:05 699,698 

CN - 82 2.20 1.92 35.69 1,554,714 

483.70 21 ,070,182 

12/21/201 1 



GOLDEN QUEEN MINING CO. LTD. 
SOLEDAD MOUNTAIN 

Project Number: 043-22990 

Subbasin 

Subbasin ID 
W1 

TABLE2 
BASIN TIME OF CONCENTRATION CALCULATIONS 

Travel 
Slope Time 
(ft/ft) . Roughness Condttionl'> 

100.0 0.339 H !Range 
- 100.0- 0.463~ I:! +Ra-nge~----

100.Q _Q,~l:Q ..!::!. ~i!ll!l"' .... 
100.0 0.400 H +R=-a_n~--

l 100.0 o.348 ~ t:[- "'Ra==-n~----
~100 .0 0.570 . !::! ;Range ___ _ 

100.0 0.570 l H Range 

100.0 Q.250 ~ H Ra~-·--· __ , 
.i.J.QO.O + 0.450 H Ran!l! ... - ···-···
. 100.0 0.300 H Range 

.:100.0 _J!,400 : H , Ran~ - ·=.:_ 
• 100.Q , 0.300 I ...!!_ !Range - ·- ---
~ 100,Q , 0.250 _.I:!_ Range __ _ 

100.0 0.150 H Range 
Notes: 

(1) Refer to Attachment A for Roughness Condttion descriptions and Tc Coeffiecients. 
(2) The Natural Mountain Channel section per Kern County Hydrology Manual was used for mountainside drainage paths. 
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Travel 
Time 
(min) 

;__Q,96 . 
i 0.81 
=~-0.86 . 
' 1.25 
r 2.40 

·--'__!I.Q 
1.05 
1.11 

~T40-

0.91 
::.-5.3.! _ 
' 0.83 

1- 1.80 
i---··· 1.82 
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TABLE2 

BASIN TIME OF CONCENTRATION CALCULATIONS 

_ .. 

GOLDEN QUEEN MINING CO. LTD. 
SOLEDAD MOUNTAIN 

Date: 12121/11 

Project Number: 0<43-22990 

Rows ment3 Flow ment4 
yp1ca rau 1c · yp1ca rau1c 

Subbasin Radius 
(Channel Only) 

(ft) 

Travel Radius 
Area Composite Type of ' Length Slope Time Type of Lerigth ! Slope (Channel Only) 

(min) Flow ' (ft) , (ft/ft) ; Roughness Cond~ion<' l (ft) Subbasin ID (sq mile) Curve Number Flow , (ft) (ft/ft) I Rou hness Condftiooi' l , 

Notes: 
( 1 ) Refer to Attachment A for Roughness Condition descriptions and Tc Coeffiecients. 
(2) The Natural Mountain Channel section per Kem County Hydrology Manual was used for mountainside drainage paths. 
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1.00 
1:19 

1.64 
0.73 
1.27 
145 
T56 

Travel 
Time 
(min) 

L 3.94 
~ _1.03 __ 

2.15 

-'- Q.57 

~ . .fi7 

1 
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TABLE2 

GOLDEN QUEEN MINING CO. LTD. 
SOLEDAD MOUNTAIN 

BASIN TIME OF CONCENTRATION CALCULATIONS 
Date: 12121 /11 

Project Number: 043-22990 

Flow 

Subbasin 
Area Composite Type of Length . Slope 

Subbasin ID (sq mile) Curve Number Flow (ft) (ft/ft) , Roughness Condition<•! 

~---- _ --·-----~ 0.3776 -·--~ _ Cha~ 1820.0 O~ _£ I Earth-.!!!!~ __ 
NW1 __________ 0.0765 ~---!I_ __ Channel 

1 
970.0 ' 0.013~-~ IEarth-lined 

NW2 ___ __ 0.3220 ________ .IE_ ______ Channel ~ 0.012 ~ 
1
Earth-lined _ 

N1 0.3531 72 Channel . 1305.0 0.014 i- E Earth-lined 

~~--~=--~=-::~~~-=-~= ~~-~ ~ ~~~---=~ 
Ei ____ . ·-· 0.5082 . 80 Channel 900.0 . 0.014 E 

Notes: 

1.61 
0.84 
f.28 

1.13 

Travel Time 
(min) 

3.48 
::.. 2.29 ___ : 

3.98 --2.32 
-=- 2.59 -

I 1.87 
~ 

--~~-
,~-
I 2.22 - --------

-r----
3.87 

3.53 

( 1) Refer to Attachment A for Roughness Condttion descriptions and Tc Coeffiecients. 
(2) The Natural Mountain Channel section per Kem County Hydrology Manual was used for mountainside drainage paths. 
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r .____ • - -
TABLE 3 

- __J _J __J _J 

FLOW RESULTS FROM HEC-HMS 
GOLDEN QUEEN MINING CO. LTD. 
SOLEDAD MOUNTAIN 

PROJECT NO.: 043-2299D 

Pervious 
Area 

SUBBASIN Area Fraction, Composite 
ID (ac) aP CN 

W1 241.7 0.98 79 ··------------.. • ·· -- -·-·- ·---·~- ·· ·-•'-

O> NW1 48.9 0.98 77 
c: NW2 206.1 0.98 76 ·c: 
~ N1 226.0 0.98 72 
' N2 I!? 64.1 0.98 81 

a.. E1 291.7 0.98 85 ------Ei ___ 
325.3 0.98 80 

W1 228.2 0.98 72 
O> NW1 52.0 0.98 72 
c: ·c: NW2 143.8 0.98 80 
~ N1 177.4 0.98 65 
..!. 
I/) N2 138.2 0.98 78 0 a.. E1 100.2 0.98 82 

E2 222.6 0.98 82 
..- W1 245.1 0.98 78 
Q) NW1 42.1 0.98 74 O> 
l9 NW2 118.4 0.98 84 
(/) 

.... N2 150:5 0.98 84 
Q) E1 105.4 0.98 86 
I/) 
m E2 199.3 0.98 ·80 .c c.. L1 110.8 0.98 64 

mrutramon 
Rate for 
Pervious 
Areas, FP 

{in/hr) 

0.40 
0.43 
0.45 
0.52 
0.36 
0.29 
0.38 
0.52 
0.52 
0.38 
0.63 
0.42 

0.35 
0.35 
0.42 
0.48 
0.31 ' 
0.31 
0.27 
0.38 
0.64 

20-YEAR, 1-HOUR POINT 

Maximum 
Loss Rate, Tc 

Fm (in/hr) (min) 

0.39 13.9 
0.42 8.7 
0.44 14.0 
0.51 13.8 ---·---------- ----·--
0.36 14.0 
0.29 12.3 
0.37 13.5 
0.51 22.4 
0.51 9.1 ---·--- ----··- --
0.37 18.9 
0.62 16.0 
0.41 12.5 
0.34 12.7 
0~34 10.4 
0.41 14.5 
0.47 11.7 
0.30 11.4 
0.30 11.1 
0.27 9.7 
0.37 10.2 
0.63 19.0 

Page 1of1 
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RAINFALL DEPTH 
(inches) 

0.14 

Peak Flow 
I Rate, Q 

(in/hr) {cfs) 

1.62 266.9 
2.13 75.2 
1.61 217.5 
1.63 228.2 
1.61 72.3 

-- - --
1.73 380.1 
1.65 372.3 
1.24 150.6 
2.06 72.6 
1.36 127.9 
1.49 140.1 
1.72 163.1 

~---------~ 

1.70 123.1 
1.87 366.9 
1.57 256.5 
1.78 49.7 
1.80 159.7 
1.82 205.4 
1.95 159.3 
1.88 270.9 
1.35 72.3 

100-YEAR, 'I -HOUR POINT 
RAINFALL DEPTH 

(inches) 
1.13 

Peak Flow 
Tc I Rate, Q 

(min) {in/hr) (cfs) 

13.2 2.61 481.6 
8.4 3.42 131 .9 
13.2 2.61 401.6 
13.1 2.62 429.8 --
13.4 2.58 128.3 
11.7 2.77 653.0 
12.8 2.65 666.8 
21.0 2.01 307.8 
8.8 3.31 131 .2 ---------------- -
17.8 2.21 237.0 
15.6 2.36 277.9 

------ -

11.8 2.76 292.2 
12.3 2.71 214.0 
10.1 2.96 524.9 
13.8 2.54 468.6 
11.1 2.84 90.0 
10.9 2.87 273.5 
10.6 2.90 351.5 
9.4 3.14 272.1 

.. ·-·-------------
10.0 2.98 468.1 
18.3 2.17 ·1s:f1 · · 
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GOLDEN QUEEN MINING CO. l TD. 
SOLEDAD MOUNTAIN 
PROJECT NO.: 043-2299D 

DESIGN STORM: 10-Year, 24-Hour 
2.28 in. 
Area Soll 

Basin Area Fraction Group 
(ac.) (dee.) 

Phase 1, Stage 1 W1 I 245.05 0.318 A 
0.031 c 
0.489 D 
0.161 

Phase 1, Stage 1 NW1 I 42.14 0.367 A 
0.231 D 
0.402 

Phase 1, Stage 1 NW2 I 118.37 0.002 A 
0.655 D 
0.342 

Phase 1, Stage 1 N2 I 150.49 0.019 A 
0.660 D 
0.321 

Phase 1, Stage 1 E1 I 105.39 0.004 A 
0.816 D 
0.180 

Phase 1, Stage 1 L 1 I 110.76 0.965 A 
0.014 D 
0.022 

Post-Mining NW2 I 143.82 0.321 D 
0.646 
0.033 

I 

TABLE4 
SEDIMENT POND SIZING 

CN 

63 
85 
88 
n 
78 
63 
88 
77 
74 
63 
88 
n 

. 84 

63 
88 
77 
84 
63 
88 
77 
86 
63 
88 
n 
64 
88 . 

n 
70 
80 

FD 
(in/hr) 

0.66 
0.29 
0.24 
0.43 
0.40 
0.66 
0.24 
0.43 
0.47 
0.66 
0.24 
0.43 
0.30 
0.66 
0.24 
0.43 
0.31 
0.66 
0.24 
0.43 
0.27 
0.66 
0.24 
0.43 
0.65 
0.24 
0.43 
0.55 
0.37 

Page 1 of2 
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a... 
(dee.} 

0.98 
0.98 
0.98 
0.98 

0.98 
0.98 
0.98 

0.98 
0.98 
0.98 

0.98 
0.98 
0.98 

0.98 
0.98 
0.98 

0.98 
0.98 
0.98 

0.98 
0.98 
0.98 

Basin 
s la y y 

(in) (in) (in) (in) 
5.87 1.17 0.077 
1.76 0.35 0.441 
1.36 0.27 0.524 
2.99 0.60 0.266 

0.338 
5.87 1.17 0.077 
1.36 0.27 0.524 
2.99 0.60 0.266 

0.256 
5.87 1.17 0.077 
1.36 0.27 0.p24 
2.99 0.60 0.266 

0.435 
5.87 1.17 0.077 
1.36 0.27 0.524 
2.99 0.60 0.266 

0.433 
5.87 1.17 0.077 
1.36 0.27 0.524 
2.99 0.60 0.266 

0.476 · 
5.87 1.17 0.077 
1.36 0.27 0.524 
2.99 0.60 0.266 

0.087 
1.36 0.27 0.524 
2.99 0.60 0.266 
4.29 0.86 0.156 

0.345 
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CPB 

10-yr, 24 hr. 
Volume 
(ac-ft) 

15.7 

2.1 

9.8 

12.4 

9.5 

1.8 

9.4 
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Post-Mining N2 I 138.17 

Post-Mining E1 I 100.19 

Post-Mining E2 I 222.62 

0.066 
0.000 
0.222 
0.039 
0.600 
0.072 

0.486 
0.475 
0.039 

0.165 
0.006 
0.656 
0.161 
0.011 

• - --
A 
B 
D 

D 

A 
B 
D 

- -
TABLE4 

SEDIMENT POND SIZING 

63 
77 
88 
65 
77 
70 
80 
88 
77 
70 
82 
63 
77 
88 
77 
70 
80 

0.66 
0.43 
0.24 
0.63 
0.43 
0.55 
0.37 
0.24 
0.43 
0.55 
0.34 
0.66 
0.43 
0.24 
0.43 
0.55 
0.37 
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0.98 
0.98 
0.98 
0.98 
0.98 
0.98 

0.98 
0.98 
0.98 

0.98 
0.98 
0.98 
0.98 
0.98 

- -
5.87 1.17 0.077 
2.99 0.60 0.266 
1.36 0.27 0.524 
5.38 1.08 0.096 
2.99 0.60 0.266 
4.29 0.86 0.156 

1.36 0.27 0.524 
2.99 0.60 0.266 
4.29 0.86 0.156 

5.87 1.17 0.077 
2.99 0.60 0.266 
1.36 0.27 0.524 
2.99 0.60 0.266 
4.29 0.86 0.156 
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0.403 
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7.8 

7.4 
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GOLDEN QUEEN MINING CO. LTD. 
SOLEDAD MOUNTAIN 
PROJECT NO.: 043-2299D 

Surface Top of 
Area at Riser 
Mid Elev. Elev. 

Sediment Pond (ft2) (ft) 

PondW1 

(Pha_!~ ._ s~.9-~!> 122860.0 2838.0 
Pond NW2 

J Pha_se 1, Stage 1) 77920.0 2832.0 
Pond N2 

,_(~hase J. ! §!_~ge 1) 42990.0 2759.0 
Pond L1 

(Phase_! . Stage._1)_ 21750.0 2799.0 - -
Pond E1 

(Phase 1, Stage 1) 43760.0 2859.0 
- - Pon(f E2- ·-

(Post-Mining) 59380.0 2800.0 

TABLE 5 
SEDIMENT POND RISER OUTLET PIPE AND OVERFLOW WEIR SIZING 

!Ota! f Ota! IOtal 

Bottom Orifice Orifice Orifice 

Row of Area (1) Area (1) Area (1) Number of 
Riser for 24-hr for 40-hr for 72-hr 1" Dia. 
Elev. hrnax hcentroid Drawdow Drawdow Drawdow Holes 
{ft) (ft) {ft) · n {ft2) n (ft2) n ctt2> Provided 

2831.0 7.0 3.5 2.0091 1.2055 0.6697 132 

2824.0 8.0 4.0 1.3622 0.8173 0.4541 96 

2744.0 15.0 7.5 1.0291 0.6175 0.3430 72 

2794.0 5.0 2.5 0.3006 0.1804 0.1002 20 

2848.0 11.0 5.5 0.8971 0.5382 0.2990 60 

2786.0 14.0 7.0 1.3732 0.8239 0.4577 96 

12/21/11 

CPB 

100-Year 
· Rational Routed 

Area Method 100-Year Weir 
Provided Peak Flow Peak Flow Length (2) 

(ftz) (cfs) (cfs) (ft) 

0.7128 469 81 .1 154 - ... _ - .. - -

0.5184 364 79.8 120 
- · --· 

0.3888 352 89.1 29 
-~- - - . - --· -- --- - - -- ·-

0.1080 154 30 51 

0.3240 272 77.6 89 

0.5184 525 124 41 

1) The required total area of the orifices for the riser outflow pipes with multiple orifices is calculated using the following equation from the California 
Stormwater BMP Handbook. Pond design and riser dimensions are from Dwg 26 of the Phase 1, Stage 1 Design Drawings issued for feasibility 
study. 
a1 = 2A(hmaJ13600CT[2g{hmax-hcen1ro;d))°"

5 
C = 0.66 

2) The required length of weir is calculated using the broad-crested weir equation, L = Q/cH1
·
5

, and Routed 100-Year Peak Flows. 

Page 1 of 1 
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H = 1 
c = 3.04 
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ATTACHMENT A 
TIME OF CONCENTRATION AND MANNING'S FLOW COEFFICIENTS 



r 1 Attachment A 
Time of Concentration and Mannings Flow Coefficients 

TR-55 (1986) 
Sheet Flow Travel time (SCS Upland Method) 

l 

( )0.8 
Where: T1 =travel time (hr); n' = roughness coefficient; L =flow Ieng! 

0.007 n' L 
Tt = 

( )0.5 04 
P2 = 2-yr storm depth (inches); s =slope (ft/ft) 

P
2 

S . flow velocity = L/(60T1) 

Short 
Flow Type Surface Type roughness n Surface Description Description 

h (ft); 

Smooth surfaces (concrete, asphalt, gravel, bare 

~ 
A 0.011 soil) Smooth 

0 B 0.05 Fallow (no residue) Fallow 
ii: c 0.06 Cultivated soils: Residue cover<= 20% Cover<20% ""C 
c D 0.17 Cultivated soils: Residue cover> 20% Cover>20% 
~ E 0.15 Grass: Short grass prairie Short Grass Cl> 
> F 0.24 Grass: Dense grasses Dense Grass 0 ::. G 0.41 Grass: Bermuda grass Bermuda Grass Cl> 
Cl> H 0.13 Range (natural) Range .c 

<fl I 0.40 Woods: Light underbrush Light woods 
J 0.80 Woods: Heavy underbrush Heavy Woods 

Shallow Concentrated Flow Velocity (SCS Upland Method) 
v =ms"·" Where: v = velocity (fps); m = roughness coeffient; S =slope (ft/ft) 

::mo rt 
Flow Type Surface Type Roughness m Surface Description Description 

''· 
~ 0 ~ p 20.3282 Paved Surfaces Paved = c 0 
Ill 0 -i5i (.) IL 

u 16.1345 Unpaved Surfaces Unpaved 

Channel Flow Velocity (Mannings Velocity) 

1 

v = 1.49/n Rh"'"S "" Where: v =velocity (fps); n = roughness coeffient; Rh = Hydraulic Radius (ft), S =slope (ft/ft) 
Mannings n Mannings n Maximum Maximum 

Lining Type for Depth for Velocity Material Velocity Shear Stress 
A 0.026 0.026 ACB 25 
c 0.024 0.022 CSP 50 
E 0.025 0.022 Earth-lined 3 
G 0.035 0.030 Grass-lined 5 
I 0.017 0.013 Ductile Iron 50 
M 0.045 0.045 Mountain Channel per Kern County Manual 
p 0.012 0.009 Plastic 25 
R O.D40 0.035 Riprap 15 
T 0.035 0.030 Turf Reinf. 10 1.5 
z 0.060 0.005 Other 25 

J 

J 1 of 1 
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NOAA ATLAS 14 PRECIPITATION TABLES 



c__ r I 

" -- -
Attachment B 

NOAA Atlas 14 Precipitation Tables 

POINT PRECIPITATION 
FREQUENCY ESTIMATES 
FROM NOAA ATLAS 14 

-

MO.JAVE., SOUTHERN CALIFOR"l'l"IA (04--5756) 35.0492 N 118.1619 W 2742 feet 
~ '"Pr~ipimtion-F:?q_~cy Atl23. of t:be Ucit~ S.ti;ta" NO.A ... :\. Attis 14 : Votu:m-.: 1: V~ioo 4 

G.M . Bom>in, D. lv!:>..-M, B. Lin, T . P-=Jo'bck, M .Yol..u , ,,-,d D. Ril<;-
NOAA, Natior~t v.~&tt~-::r Servic'!, Sitvar Spring, ?\<fa.~~'"id, 2(M)6 

Ex1'Xt«!: T1'0 Joo 15 2010 

Confidence Limits ][ Seasonality JI Related Info II GIS data II Maps JI Docs ][ Return to State 

.. Tnese prec'.p'.taX.n freqi.rency estma~=s a.oe b~ on a paoti:l dl.f.r.afoJi sef.es.. ARI is~ A\eage R~.-..::e lr.':srvat 

Please re'"?-.t to NOAA tt1tas 14 Oocvmer.t m, ~ irJo.~-'5Q..-., , N01E: rorma.....-<ng X>rces ~.es neat z:ro to appear as zero. 

100-~r 1-D 
t(min) I lin/hrl 

5 4.35 
10 2.97 
15 2.4 
20 2.05 
25 1.82 
30 1.65 
35 1.51 
40 1.41 
45 1.32 
50 1.25 
55 1.19 
60 1.13 
120 0.78 
180. 0.63 
360 0.43 

20-vr 1-D 
tlminl I lin/hrl 

5 2.8 
10 1.9 
15 1.54 
20 1.31 
25 1.16 
30 1.04 
35 0.96 
40 0.9 
45 0.84 
50 0.8 
55 0.75 
60 0.72 
120 0.49 
180 0.39 
360 0.27 

10-'r 1-D 
tlminl I lin/hrl 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
120 
180 
360 

2.3 
1.56 
1.26 
1.07 
0.95 
0.85 
0.79 
0.73 
0.69 
0.65 
0.62 
0.59 
0.4 
0.32 
0.22 

Page 1 of 1 
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ATTACHMENT C 
INTENSITY-DURATION-FREQUENCY CURVE 
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Attachment C 
Intensity-Du ration-Frequency Curves 
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QfGolder 
Associates CALCULATIONS 

Date: March 7, 2012 Made by: CPB 

ATA 

REK 

Project No.: 043-2299D Checked by: 

Subject: Post-Mining 'What If' Hydrology Analysis Reviewed by: 

Project Short SOLEDAD MOUNTAIN 
Title: 

Conduct an evaluation of peak flow rates generated by the 20-year precipitation event at the Soledad 

Mountain Project (Project) for the post-mining "What If' condition assuming complete closure and 

reclamation of the Project in accordance with Article 9 of the Surface Mining and Reclamation Act 

(SMARA). Section 3706 of Article 9 requires that surface runoff and drainage from the reclaimed site be 

controlled to ensure that surrounding land and water resources are protected from erosion, gullying, 

sedimentation, and contamination. Diversion channels and erosion control methods shall therefore be 

designed to handle runoff from not less than the 20-year, 1-hour intensity storm event. Other erosion and 

sedimentation controls will be developed as part of the final reclamation and revegetation plans. No 

operations will be present in the post-mining "What If' scenario and therefore no sediment ponds are 

required. 

1.0 METHOD 

Subbasins were delineated using proposed post-mining "What If' scenario topography provided by 

Norwest and are shown in Figure 4. NOAA Atlas 14 Precipitation Frequency Estimates were used to 

provide precipitation values for the 20-year, 1-hour storm event (see Attachment B). The peak flow rates 

for the 20-year storm were calculated using the Rational Method as set forth in the Kern County 

Hydrology Manual (Hromadka). Rational Method peak flow rates are used as an initial estimate of ditch 

and channel sizing for the overall layout and comparison of the post-mining "What If' condition. 

2.0 DATA AND ASSUMPTIONS 

• NRCS soil survey maps are used to aid in curve number selection. 

• Unless otherwise indicated, subbasins are assumed to contain 2% impervious area. 

• Precipitation depths for the 20-year, 1-hour storm were obtained from NOAA Atlas 14; full 
tables are presented in Attachment B (NOAA, 2004 ). 

• Time of concentration is calculated using TR-55 methodology. 

• The calculated time of concentration for the 20-year flow calculation was increased by a 
factor of 1.09 for flow segments 3 through 5 according to Kern County Hydrology Manual. 

• Diversion channels will be constructed to divert flow around the Phase 1 and Phase 2 
reclaimed and closed heap leach pads. 
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3.0 CALCULATIONS 

Made by: 
Checked by: 
Reviewed by: 

CPB 
ATA 
REK 

Basins were delineated and area-weighted composite curve numbers were calculated based on different 

cover and soil types, as presented in Table 1. Times of concentration for all basins were calculated using 

TR-55 methodology and are presented in Table 2 (USSCS, 1986). The 20-year peak flow rates were 

calculated using the Rational Method in accordance with the Kern County Hydrology Manual. Rational 

Method calculations are presented in Table 3. 

4.0 CONCLUSIONS/RESULTS 

A summary of the estimated peak flows calculated with the Rational Method in accordance with the Kern 

County Hydrology Manual for the post-mining "What If' conditions are presented in Table 3. These 

calculations are summarized in the table below. 

Area 
20-year Rational 

Basin ID (acres) Composite CN Method Peak Flow 
(cfs) 

W1 115.2 71 158.8 
W2 104.2 65 71.0 

NW1 74.2 68 84.6 
NW2 125.0 72 123.0 
N1 177.4 65 102.4 
N2 136.8 68 133.9 
E1 290.2 77 306.2 
E2 330.0 75 298.2 

5.0 REFERENCES 

Hromadka II, T.V. Kern County Hydrology Manual. 1992. 

National Oceanic and Atmospheric Administration (NOAA). 2004. Precipitation-Frequency Atlas of the 
United States, NOAA Atlas No. 14, Volume I, Version 3. Silver Spring, MD: National Weather 
Service. http://hdsc.nws.noaa.gov/hdsc/pfds 

Natural Resources Conservation Service (NRCS). Version 4 December 21, 2006. Soil Survey of Areas 
near Soledad Mountain. 

U.S. Soil Conservation Service (USSCS). 1986. Urban Hydrology for Small Watersheds, 2nd edition 
· (USSCS Technical Release Number 55). Washington, DC: United States Department of 

Agriculture. 

Attachments: Table 1 - Subbasin Summary Table 
Table 2 - Basin Time of Concentration Calculations 
Table 3 - Rational Method Flow Results 
Figure 4 - Post-Mining Drainage Plan for "What If' Scenario 
Attachment A - Time of Concentration and Manning's Flow Coefficients 
Attachment B - NOAA Atlas 14 Precipitation Tables 
Attachment C - Intensity-Duration-Frequency Curve 
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GOLDEN QUEEN MINING CO. l TD. 
SOLEDAD MOUNTAIN 

Project Number: 043-2299D 

DesiQn Storm 100 -Year Reccurance Interval 
2-Year 100 -Year 

Storm Duration Depth Depth Storm 
(hours) (inches) (inches) Distribution 

24 1.35 3.67 II 

CN = 63 
Undisturbed 

DESERT 

CN - 77 
Undisturbed 

DESERT 

-

TABLE 1 
SUBBASIN SUMMARY TABLE 

CN-85 CN - 88 CN - 65 CN-77 
Undisturbed Undisturbed 

DESERT DESERT 

CN-70 

Subbasin Subbasin SHRUB HSG SHRUB HSG SHRUB HSG SHRUB HSG Reclaimed ROCK DUMP ROCK DUMP 
Area Area A B c D Areas 

Subbasin ID (acres) (sq mile) (Acres) (Acres) (Acres) (Acres) (Acres) 
O> W1 115.20 0.1800 28.41 86.79 c: 'W2 " ----- - !---- - - -- - 0.1628 - - - - - 104.19" ·c: 104.19 
='! NW1 74.17 0.1159 8.24 65.93 
u; NW2 124 .98 0.1953 - ~~--- 85.18 0 - -· - -0.. NT- 177.40 0.2772 

,_ - -
177.40 

!: N2 136.75 0.2137 2.43 18.88 1 115.44 
1ii 
.c: E1 290.23 0.4535 27.14 0.22 147.49 +- 115.38 
~ "E2·· 330.01 0.5156 4°:'42 

-
20.39 - -

13cf.36 174.84 
Total: 1352.93 2.11 
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TOPS OUTSLOPES 
(Acres) (Acres) 

-·- - - -

.. - - -

- - - - -

__J __J 

Composite Unit Runoff 
SCS Curve s = 1000 - 10 Q 

No. CN (in) 

CN = 71 4.08 1.17 
CN - 65 5.38 0.84 
CN = 68 4.71 1.00 
CN = 72 3.89 1.23 
CN = 65 5.38 0.84 
CN = 68 4.71 1.00 
CN = 77 2.99 1.56 
CN = 75 3.33 1.42 

Date: 

By: 
Chkd: 

Apprvd: 

Runoff 
Volume 
(ac-ft) 

11.26 
7.32 
6.19 
12.85 
12.46 
11.41 
37.68 
39.15 
138.32 

3/7/12 

CPB 

Runoff 
Volume 

(ft3
) 

490,663 
318,776 
269,663 
559,641 
542,767 
497,188 

1,641 ,404 
1,705,218 
6,025,322 

, 
.J 

317/2012 



GOLDEN QUEEN MINING CO. LTD. 
SOLEDAD MOUNTAIN 
Project Number: 043-2299D 

Subbasin 
Area Composite 

Subbasin ID (sq mile) Curve Number 

W1 0.1800 71 
W2 0.1628 65 
NW1 0.1159 68 
NW2 0.1953 72 
N1 0.2772 65 
N2 0.2137 68 
E1 0.4535 77 
E2 0.5156 75 

1ota1 IOlal 
Lag Travel 

(0.8.Tc) Time 
(min) (min) 

7.0 8.7 
14.5 18.2 
8.2 10.3 
10.9 13.7 
16.7 20.8 
10.4 13.0 
10.9 13.7 
12.7 15.9 

TABLE 2 
BASIN TIME OF CONCENTRATION CALCULATIONS 

Date: 
By: 

Chkd: 

Aoorvd: 

Flow Seamen! 1 Flow Segment 2 
I yp1ca1 Hydrau 1c I I I lyp1cal Hydraulic 

Radius Travel Radius 
Type of Length I Slope (Channel Only) Time Type of I Length Slope (Channel Only) 

Flow (ft) (fVft) Roughness Condition111 (ft) (min) Flow (ft) (fVfl) · Roughness Condition111 (ft) 
Sheet 100.0 0.600 H Range 3.45 Shallow 1 475.0 Q.589 ~ u Unpaved 
Sheet 100.0 0.150 H Range 6.01 ShaliOw 1- 17~.o 0.063 u Unpaved 
Sheet 100.0 6.860 -- -

0.308 
-

H Range 3.08 Shallow 455.0 u Unpaved 
Sheet 100.0 0.100 H Range 7.07 Shallow I 675.0 0.444 u Unpaved 
Sheet 100.0 0.200 H Range 5.36 Shallow - t-;505.0 0.095 u Unpaved - 1ii(J.Q 0:200 - --Sheet H Range 5.36 Shallow 2150.0 0.460 u Unpaved 
Sheet 100.0 0.250 H Range 4.90 Shallow 11715.0 0.507 u Unpaved I 
Sheet 100.0 0.100 H Range 7.07 Shallow I 7 45.0 0.591 u Unpaved 

Notes. 
(1) Refer to Attachment A for Roughness Condition descriptions and Tc Coeffiecients. 
(2) The Natural Mountain Channel section per Kem County Hydrology Manual was used for mountainside drainage paths. 
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CPB 

Travel 
Time 
(min) 

0.64 
~ 

0.85 
1.05 
5.04 
3.27 
2.49 
1.00 

3!7/2012 
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GOLDEN QUEEN MINING CO. LTD. 
SOLEDAD MOUNTAIN 
Project Number: 043-2299D , 

Subbasin 
Area Composite 

Subbasin ID (sq mile) Curve Number 

W1 0.1800 71 
W2 0.1628 65 
NW1 0.1159 68 
NW2 0.1 953 72 
N1 0.2772 65 
N2 0.2137 68 
E1 0.4535 77 
E2 0.5156 75 

- - -

TABLE 2 
BASIN TIME OF CONCENTRATION CALCULATIONS 

Flow Segment 3 Flow SeQment 4 
I ypical Hydraulic 

Radius Travel 
Type of Length I Slope I (Channel Only) Time Type of Length Slope 

Flow (ft) (ft/ft) Roughness Condition1'< (ft) (min) Flow (ft) (ft/ft) Roughness Condition111 

Chan~ 1700 0.329 M Mountain Channel 1.38 1.21 Channel 805 0.124 M Mountain Channel 
Channel 1 345 0.612 -M Mountain Channel 1 :38 5.00 

,_. r---

Channel 1 055 6.360 M Mountain Channel 6.84 1.00 Channel 
----

6:124 M Mountain Channel 1130 
Channel 2760 0.275 M Mountain Channel 1.27 2.27 Channel 2325 0.077 M Mountain Channel 
Channel 2860 0.013 M Mountain Channel 1.34 10.42 ---Channel ~2955 

---- 0:91 - -------
0.135 M Mountain Channel 4.32 

Channel 2005 0.180 M Mountain Channel 1.78 1.62 Channel 2525 0.078 M Mountain Channel 
Channel 4295 0.205 M Mountain Channel 1.70 3.36 Channel 2355 0.059 M Mountain Channel 

Notes: 
(1) Refer to Attachment A for Roughness Condition descriptions and Tc Coeffiecients. 
(2) The Natural Mountain Channel section per Kem County Hydrology Manual was used for mountainside drainage paths. 
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Date: 317/12 
By: CPB 

Chkd: 

Aoorvd: 

Typical Hydrau ic I 
Radius Travel 

(Channel Only) Time 
(ft) (min) 

1.64 0.83 ·-
- o.s-r- 2.12 

1.46 3.29 

2.07 2.81 
2.24 2.86 

317/2012 



GOLDEN QUEEN MINING CO. LTD. 
SOLEDAD MOUNTAIN 
Project Number: 043-2299D 

Subbasin 
Area Composite 

Subbasin ID (sq mile) Curve Number 

W1 0.1800 71 
W2 0.1628 65 
NW1 0.1159 68 
NW2 0.1953 72 
N1 0.2772 65 
N2 0.2137 68 
E1 0.4535 77 
E2 0.5156 75 

TABLE 2 
BASIN TIME OF CONCENTRATION CALCULATIONS 

Date: 317/12 

By: CPB 

Chkd: 

Apprvd: 

Flow Seamen! 5 
1 yprca1 Hydraulic 

Radius 

Type of I Length I Slope I (Channel Only) Travel Time 
Flow (ft) (ft/ft) Roughness Conditionl' I (ft) (min) 

Channel 33~~ 0.055 E Earth-lined 1.92 2.60 

2965.o ·0.061 +-E ------
Channel Earth-lined 1.06 3.24 

I 
I - -- - -
I 

Channel 1 1140.0 0.014 I E Earth-lined 1.74 1.87 
Channel 965.0 0.014 E Earth-lined 1.64 1.64 

Notes: 
(1) Refer to Attachment A for Roughness Condition descriptions and Tc Coeffiecients. 
(2) The Natural Mountain Channel section per Kem County Hydrology Manual was used for mountainside drainage paths. 
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TABLE 3 

RATIONAL METHOD FLOW RESULTS 
GOLDEN QUEEN MINING CO. LTD. 
SOLEDAD MOUNTAIN 

PROJECT NO.: 043-2299D 

Date: 3/7/12 
By: CPB 

Chkd: 
Apprvd: 

20-YEAR, 1-HOUR POINT 

lntiltra1t1on 

Pervious Rate for 

Area Pervious Maximum 
SUBBASIN Area Fraction, Composite Areas, Fp Loss Rate, Tc 

ID (ac) aP CN (in/hr) Fm (in/hr) (min) 

W1 115.2 0.98 71 0.53 0.52 9.1 
W2 104.2 0.98 65 0.63 0.62 18.6 

Cl NW1 74.2 0.98 68 0.58 0.57 10.8 .!: 
c:: NW2 125.0 0.98 72 0.52 0.51 14.2 
~ N1 177.4 0.98 65 0.63 0.62 21.8 I 
Q) ..... N2 136.8 0.98 68 0.58 0.57 13.3 Cl. 

E1 290.2 0.98 77 0.43 0.42 14.3 
E2 330.0 0.98 75 0.47 0.46 16.6 

Page 1 of 1 

Golder Associates 
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RAINFALL DEPTH 
(inches) 

U.f~ 

Peak Flow 
I Rate, Q 

(in/hr) (cfs) 

2.05 158.8 
1.37 71 .0 
1.84 84.6 
1.60 123.0 
1.26 102.4 
1.66 133.9 
1.59 306.2 
1.46 298.2 

j 
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- - - - - - - - - PROPERTY BOUNDARY 

BASIN BOUNDARY 

HYDROLOGIC FLOW PATH FOR Tc 

RECLAIMED AREA 

POST MINING "WHAT IF" CONTOURS 
(PROVIDED BY NORWEST) 

--------- SUBBASIN DESIGNATION 

AREA (ACRES) 

CURVE NUMBER 

RATIONAL PEAK FLOWS BY 
SUBBASIN 

SUBBASIN AREA 
20-YEAR 

DESIGNATION (ac) 
PEAK FLOW 

(cfs) 

W1 115.2 158.8 

W2 104.2 71.0 

NW1 74.2 84.6 

NW2 125.0 123.0 

N1 177.4 102.4 

N2 136.8 133.9 

E1 290.2 306.2 

E2 330.0 298.2 

POST-MINING DRAINAGE PLAN 
. FOR "WHAT IF" SCENARIO 

FIGURE 4 
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Attachment A 
Time of Concentration and Mannings Flow Coefficients 

l TR-55 (1986) 
Sheet Flow Travel time (SCS Upland Method) 

l ( )0.8 
Where: T, =travel time (hr); n' = roughness coefficient; L = flow Ieng! 

0.007 n' L 
Tt = 

( )0.5 O.ll 
P2 = 2-yr storm depth (inches); s =slope (ft/ft) 

P2 S flow velocity = L/(60T1) 

h (ft); 

l 
::rnort 

Flow Type Surface Type roughness n Surface Description Description 

Smooth surfaces (concrete, asphalt, gravel, bare 

:= A 0.011 soil) Smooth 

1 
0 B 0.05 Fallow (no residue) Fallow u: c 0.06 Cultivated soils: Residue cover<= 20% Cover<20% "C 
c: D 0.17 Cultivated soils: Residue cover> 20% Cover>20% nl 
'i: E 0.15 Grass: Short grass prairie Short Grass GI 
> F 0.24 Grass: Dense grasses Dense Grass 0 

<::. G 0.41 Grass: Bermuda grass Bermuda Grass GI 
GI H 0.13 Range (natural) Range ..c: 
rn I 0.40 Woods: Light underbrush Light woods 

l 
J 0.80 Woods: Heavy underbrush Heavy Woods 

Shallow Concentrated Flow Velocity (SCS Upland Method) 
v =ms"·" Where : v =velocity (fps); m =roughness coeffient; S =slope (ft/ft) 

:::rnort 

Flow Type Surface Type Roughness m Surface Description Description 

] 
:= . 
,g g ~ p 20.3282 Paved Surfaces Paved 
nl 0 -;j 0 LL 

u 16.1345 Unpaved Surfaces Unpaved 

Channel Flow Velocity (Mannings Velocity) 

J 
v = 1.49/n RhL/0 S 11

' Where: v =velocity (fps); n =roughness coeffient; Rh= Hydraulic Radius (ft), S =slope (ft/ft) 
Mannings n Mannings n Maximum Maximum 

Lining Type for Depth for Velocity Material Velocity Shear Stress 

A 0.026 0.026 ACB 25 

J 
c 0.024 0.022 CSP 50 
E 0.025 0.022 Earth-lined 3 
G 0.035 0.030 Grass-lined 5 
I 0.017 0.013 Ductile Iron 50 

J 
M 0.045 0.045 Mountain Channel per Kern County Manual 
p 0.012 0.009 Plastic 25 
R 0.040 O.D35 Riprap 15 
T 0.035 0.030 Turf Reinf. 10 1.5 
z 0.060 0.005 Other 25 

J 

J 
J 
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Attachment B 

NOAA Atlas 14 Precipitation Tables 

POINT PRECIPITATION 
FREQUENCY ESTIMATES 
FROM NOAA ATLAS 14 

MOJAVE, SOUTHIR...l'i" CALIFORl'l"IA (04-5756) 35.0492 N 118.1619 W 2742 feet 
from "~ipitttion-FECf.;e!i,Cy Atlas ofth-~ Unit~ Sm~ NOA.:\. Atl.ss 14, Volu.m~ 1, Ve:raion 4 

G.M. Bo<"'1.-., D . Mmin, B . Lin, T . Pmy!lcl:, M .Ya-u, :w! D . Ri!.y 
NOAA., Na.ti.oral 'Ves:th~ S~ic:, Silv~ Spring:, 1'..fs.."'}'"Lmd, 2000 

Ext=ti!d: T1'! J= 15 2010 

Confidence Limits ][ Seasonality ][ Related Info ][ GIS data ][ Maps I[ Docs ][ Return to State 

*Tnae preci¢.:i::.-on ~.i~· ~::s are b:5:-d on a 03lt: ct.r.ra'S:iil s:ries. ARI is the A\-e.rag.-:: rt~.re lr.~al 

?,\e~ ~'Et to NOAA A~as 14 ~:rJbrmore ir.:brma~n:.. NOTE: Fo.rma=r.g b!CeS e;.5rna:es near~.l"O to appe-ar as z::.."O.. 

100- r 1-D 
t(min) I (in/hr) 

5 4.35 
10 2.97 
15 2.4 
20 2.05 
25 1.82 
30 1.65 
35 1.51 
40 1.41 
45 1.32 
50 1.25 
55 1.19 
60 1.13 
120 0.78 
180 0.63 
360 0.43 

20-vr 1-D 
t(min) I (in/hr) 

5 2.8 
10 1.9 
15 1.54 
20 1.31 
25 1.16 
30 1.04 
35 0.96 
40 0.9 
45 0.84 
50 0.8 
55 0.75 
60 0.72 
120 0.49 
180 0.39 
360 0.27 

10-\r 1-D 
t(min) 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
120 
180 
360 

I (in/hr) 
2.3 
1.56 
1.26 
1.07 
0.95 
0.85 
0.79 
0.73 
0.69 
0.65 
0.62 
0.59 
0.4 

0.32 
0.22 

Page 1 of 1 
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ATTACHMENT C 
INTENSITY-DURATION-FREQUENCY CURVE 
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