SMITH WILLIAMS CONSULTANTS, INC.

Appendix F.2

Surface Water Hydrology Design
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SMITH WILLIAMS CONSULTANTS, INC.

o CALCULATION TITLE PAGE
CLIENT JOB NO, TASK NO. PAGE 1 OF 2
Cripple Creek & Victor Gold Company 1125 A100
PROJECT CALCULATION No. REV. No.
Arequa VLF 1 1
SUBJECT/ TITLE
Triangular Diversion Channel Design
REV. PREPARER/ DATE REVIEWER/ DATE QA REVIEWER/ DATE CONFIRMATION
NO. REQUIRED (Y/N)
1 Amanda L. Dolezal 2/8/08 Derek T. Wittwer _2/8/08 Pl s z/é% vl
% A2,
CALCULATION OBJECTIVE
Design a surface water diversion channel to keep runoff from flowing onto the South end of the leach pad.
CALCULATION METHODOLOGY/ LIST of ASSUMPTIONS
® The size of the surface water diversion channel is based on a 100 year 24 hour Type II storm.
® The watershed to the South impacting the leach pad consists of undisturbed ground, curve number (CN) = 71.
= 4

REFERENCES
CONCLUSIONS
e A triangular diversion channel with the following dimensions can handle the expected runoff:
e Total depth =2 feet
e  Sides slopes =2H:1V
e Area=8ft’
e  Wetted Perimeter = 8.94 ft
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SMITH WILLIAMS CONSULTANTS, INC

PROJECT: JOB NO: SHEET_2_OF_2
Arequa VLF 1125

FEATURE: BY: DATE:
Triangular Diverion Channel ALD 2/8/08
DETAILS: CHKD BY: DATE:

Channel Sizing DTW 2/8/08

® (Criteria:

® Analysis:

1) Size of surface water diversion channel is based on precipitation equal to a 100 year 24 hour Type IT

storm event.

Total Area of Watershed = 586,434 f12 = 0.0210 mi? = 13.46 acres
CN=T71

Sheet Flow = 300 feet
Average Sheet Slope = 37%

Shallow Flow = 204 feet
Average Shallow Slope = 47%

Channel Flow = 926 feet
Average Channel Slope = 25%

Peak Flow = 29.3 cfs
Precipitation Volume = 1.61 inches = 0.13 feet

Total volume from storm = precipitation volume * total are of watershed

= 0.13 ft * 586,434 f1°= 76,236 f* = 570,288 gallons

A triangular diversion channel with the following dimensions can handle the expected runoff.

Triangular diversion channel dimensions:

Total depth = 2 feet

Sides slopes = 2H:1V

Area = 8ft?

Wetted Perimeter = 8.94 ft
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Triangular Diversion Trench

Project Description

Friction Method
Solve For

Input Data

Roughness Coefficient
Channel Slope

Normal Depth

Left Side Slope

Right Side Slope

Restults

Discharge

Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Qutput Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

3/13/2008 10:43:00 AM

Manning Formula

Discharge

0.035
0.25000
2.00
2.00
2.00

157.65
8.00
8.94
8.00
3.29

0.01754
19.71
6.03
8.03
3.47
Supercritical

0.00
0.00

0.00

0.00
Infinity
Infinity

2.00

3.29

0.25000
0.01754

fuft

f

fUft (H:V)
U/t (H:V)

ft/s

f/ft
f/s

ft/s
f/s

fuft
fuft

Bentley Systems, Inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1

Bentley FlowMaster [08.01.066.00]



Project: CC&V Upper Watershed Simulation Run: Run 3
Start of Run:  01Jan2008, 00:00 Basin Model: CC&YV Upper

End of Run: 02Jan2008, 00:05 Meteorologic Model: 100 year 24 hour storm
Compute Time: 12Mar2008, 16:51:50 Control Specifications: 24 hour event

Volume Units: IN

Hydrologic | Drainage Area |Peak Discharge| Time of Peak Volume
Element (MI2) (CFS) (IN)

Subbasin-1 0.021 29.3 01Jan2008, 12:00 1.61




=, . CC_V_upper.basin
Basin: CC&v Upper //
Last Modified Date: 12 March,;DOS
Last Modified Time: 22:51:49
version: 3.1.0
Unit System: English '
Missing Flow To Zero: No e
Enable Flow Ratio: No
Allow Blending: No - 6//
q Compute Local Flow At Junctions: N
End:

Subbasin: Subbasin-1 7’
Canvas X: -1675.7493188010903
Canvas Y: 3569.482288828337
Area: 0.021

Canopy: None
Surface: None

LossRate: SCS / e
Percent Impervious Area: 0.0
curve Number: 71 -
Initial Abstraction: 0//

Transform: SCS
Lag: 6.29

Baseflow: None /
. -

Erosion: None
End:

Basin Schematic Propertiesy
Last view N: 5000.0
Last view S: -5000.0/
Last View w: -5000.0 ,
Last view E: 5000.0
Maximum View N: 5000.0 ,
Maximum View S: -5000.0
Maximum View W: -5000.0 /
Maximum View E: 5000.0
Extent Method: Elements «
Buffer: 0
Draw Icons: Yes (
braw Icon Labels: Yes
Draw Gridlines: Yes
Draw Flow Direction: No
End:

Page 1
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100_year_24_hour_storm.met
Meteorology: 100 year 24 hour storm
Last Modified Date: 15 January 2008
Ltast Modified Time: 23:37:23
version: 3.1.0
Unit System: English
Precipitation Method: SCS Storm
Snowmelt Method: None
4 Basin Model List: CC&v Upper
Ena:

Precip Method Parameters: SCS Storm
Storm Depth: 3.5
Storm Type: Type II

End:

Subbasin: Subbasin-1
End:

Page 1
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24_hour_event.control

Control: 24 hour event

End:

Last Modified Date: 15 January 2008
Last Modified Time: 23:37:16

Start Date: 1 January 2008

Start Time: 00:00

End Date: 2 January 2008

End Time: 00:05

Time Interval: 1

Page 1



Cripple Creek and Victor

Arequa VLF

Lag Time Calculation Using Natural Resources Conservation Service TR-55

Small Southern Watershed

Watershed Contribution Area

Sheet Flow
Mannings n (table 3-1) = 0.15
Flow Length (ft, max 300 ft) = 300
24 hr Rainfall, P, (in) = 1.8
Land Slope, s (ft/ft) = 0.370
Tt(hr)= 0.163
Tt (min) = 9.8

Shallow Concentrated Flow

Flow Length, L (ft) = 204

Watercourse Slope (ft/ft) = 0.470

Average Velocity, V (ft/sec, fig 3-1) = 11
Tt(hr) = 0.005

Tt (min) = 0.3

Channel Flow

Cross Sectional Flow Area, a (ft?) = 8
Wetted Perimiter, p,, (ft) = 3

Hydraulic Radius, r = a/p,, (ft) = 2.67
Channel Slope, s (ft/ft) = 0.25
Manning's n = 0.035

V (ft/sec) = 40.93
Flow Length, L (ft) = 926

Tt (hr) = 0.006

Tt (min) = 04

Watershed or subarea Tc = 0.175
Lag time (hr) = 0.105
Lag time (min) = 6.29

T 0.007 (nl)°*

£ 05 04
P s

" 3600V

3 1.49 p2/351/2

T, =
3600V



Chapter 3

Time of Concentration and Travel Time

Techmcal Release 65
Urban Hydrology for Small Watershads

Figure 3-1  Average velncities for estinating travel time for shallow concentrated flow
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Chapter 3 Time of Concentration and Travel Time Tochniteal Ralesse 58

Lirban Hysdrology for Small Watsasheds

Sheet flow

Sheet flow is flow over plane surfaces. It usually
occurs in the headwater of streams, With sheet flow,
the friction value (Manning’s n) is an effective rough-
ness coefficient that includes the effect of mindrop
impact; drag over the plane surfnce; obstacles such as
litter, crop ridges, and rocks; and erosion and trans-
portation of sediment. These n values are for very
shallow flow depths of about 0.1 foot or so. Tabla 3-1
gives Manning’s n values for aheet flow for various
surface conditions.

Table 3-1 Rough coeffict (Manning's n) for
E—— sheet Bow

Surface description ny
Smooth surfaces (concrete, usphalt,
gravel, ar bare soil) 0.011
Fallow (no residue) 0.06
Cultivated soils
Residue cover >20% 0.17
Gross:
Short grass praivie 0.l8
Dense gm ¥ 0.24
Bermudiagrass . o4
Range (natural) 0.13
Woods:at
Light underbrush 0.40
Dense underbrunh ..ot aearaen e 0.80
t The nvalues are a composite of mformation comptled by Engman
(1983).

2 Includes species such as weeping lovegruas, bluegrnss, bufhlo
orass, blue grama grass, woud nattve grass mixtures,

2 When selecting n , cousider cover to a height of about. 0.1 R, This
ts the anly purt of the pluw cover that will obstrict sheet flow.

For sheet flow of less than 300 feet, use Manning's
kinematie solution (Overtop and Meadows 1976) to
compute T

. - 0007(n1)"™®
C ST 08 ns 3-3
(Pg )')n g0 [eq. 3-3)

where:

T, = travel time (hr),
n = Manning's roughness coefficient (tible 3-1)
L = flow length (ft)
Pz = 2-year, 24-hour minfail (in)
8 = slope of hydraulic grade line
(land alope, fUfRY)

This simplified form of the Manning's kinematic sohs-
tion is based an the following: (1) shallow steady
uniform flow, (2) constant intensity of rinfall excess
(that part of a min available for nmofD). (3) rainfall
duration of 24 hours, and (4) minor effect of infiltra-
tion on travel time. Rainfuli depth can be obtained
from appendix B.

Shallow concentrated flow

After a maximum of 300 feet, sheet flow usuully be-
comes shallow concentrated flow. The average veloc-
ity for this flow can be determined from figure 3-1, in
which average velocity is a function of watercourse
slope and type of channel. For slopes less than 0.005
fi/ft, use equations given in appendix F for figure 3-1.
Tillage can affect the direction of shallow concen-
irated flow. Flow may not always be directly down the
watershed slope if tillage runs across the slope.

After determining avernge velocity in figure 3-1, use
equation 3-1 to estimate travel time for the shallow
concentrated flow segment.

Owven channels
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Cripple Creek and Victor
Arequa VLF
Lag Time Calculation Using Natural Resources Conservation Service TR-55
Sediment Pond - Runoff from North

Watershed Contribution Area

Sheet Flow /

Mannings n (table 3-1) = 0.15

Flow Length (ft, max 300 ft) = 300 0 007 (nl) 8
24 hr Rainfall, P, (in) = 1.8 I = s
Land Slope, s (fUft)=  0.280 J 2R
Tt(hr)=  0.182 2
Tt (min) = 10.9 e
Shallow Concentrated Flow
Flow Length, L (ft) = 2752
Watercourse Slope (ft/ft) = 0.090 L >
Average Velocity, V (ft/sec, fig 3-1) = 4.8
Tt(hr) = 0.159 T't -
Tt (min) = 9.6 3600 V
Watershed or subarea Tc = 0.342
Lag time (hr) = 0.205 / ]

Lag time (min) = 12.30



A

LS

SMITH WILLIAMS CONSULTANTS, INC.

CALCULATION TITLE PAGE

CLIENT JOB NO. TASK NO. PAGE 1 OF 2
Cripple Creek & Victor Gold Company 1125 A100
PROJECT CALCULATION No. REV. No.
Arequa VLF 1 1
SUBJECT/ TITLE
Sediment Collection Pond De:!gn

REV. PREPARER/ DATE REVIEWER/ DATE QA REVIEWER/ DATE CONFIRMATION

NO. REQUIRED (Y/N)

1 Amanda L. Dolezal 2/1/08 Derek T. Wittwer 2/8/08 //cu/‘.— L//A’ ¥
7 7o

CALCULATION OBJECTIVE

Design a sediment collection pond to handle the runoff from the watershed to the North of the leach pad.

CALCULATION METHODOLOGY!/ LIST of ASSUMPTIONS
¢  The size of the sediment collection pond is based on 2 x a 10 year 24 hour Type II storm.
¢ The watershed to the North that may impact the leach pad consists of both disturbed and undisturbed land.
®  Curve Number (CN) for disturbed land = 90
¢ Curve Number (CN) for undisturbed land = 71

REFERENCES
Brater et. al, “Handbook of Hydraulics”, 7" ed., 1996, McGraw-Hill Companies, Inc.

CONCLUSIONS

* A trapezoidal shaped pond with a total volume of 290,000 ft’ will provide protection for the leach pad from the

runoff from the watershed to the North.

Total depth =11 feet
Side slopes =2H:1V
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IMITH WELLIAMS CONSULIANTS, iNC.

|ProsECT: JOB NO: SHEET_2_OF_2
Arequa VLF 1125

FEATURE: BY: DATE:
Sediment Collection Pond ALD 2/1/08
DETAILS: CHKD BY: DATE:

Pond Sizing dDTW 2/8/08

® Criteria: 1) Size of pond based on precipitation equal to 2 x a 10 year 24 hour Type II storm event.
2) Allow for 1 foot of freeboard in pond.

® Analysis:
Total Area of Watershed = 2,661,602 f12 = 0.0955 mi® = 61.1 acres
Area of disturbed land = 359,079 ft?
CN =90
Area of undisturbed land = 2,302,523 13
CN=71
Average CN = [(359,079f1% * 90) + (2,302,523f+** 71)] / (2,661,602 f1?)
Average CN= 73.6 = 74

Sheet Flow = 300 feet
Average Sheet Slope = 28%

Shallow Flow = 2752 feet
Average Shallow Slope = 9%

Lag Time = 12.30 minutes
Peak Flow = 33.3 cfs
Precipitation Volume = 0.55 inches = 0.0458 feet

Total volume from storm = precipitation volume * total are of watershed
= 0.0458 ft * 2,661,602 f1* = 121,901 f+* = 911,886 gallons

Therefore required pond storage = 911,886 gallons x 2 = 243,802 gallons

Trapezodial pond:
Total depth = 11feet
Side slopes = 2H:1V

Total volume = 290,000 ft3
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(210-VI-TR-65, Secund Ed ., June 1986)

Chapter 3 Time of Concentration st Travel Time Techieal Release 65
Urban Hydrology fur Small Watersheds
Figure 3-1  Average velocities for estimating travel time for shallow concentrated flow
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Chapter 3 Time uf Cancentration und Travel Time Tehnical Releaso 65

Lirban Hydrology for Sall Watersheds

Sheet flow

Sheet flow is flow over plane surfuces. [t usunlly
accurs in the headwater of streama. With sheet flow,
the fricdon value (Manning's n) is an effective rough-
ieas coetficient that includes the effect of rindrop
impact; drag over the plane surface; obstacles such as
litter, crop ridges, and rocks; and eresion and trans-
portation of sediment. These n vahues are for very
shallow flow depths of about. 0.1 foot or 80. Table 3-1
gives Manning's n values for aheet flow for various
surface conditions.

Table 3-1 Roughness coefficients (Manning's n) for
E—

sheat fow
Surface description ny
Smwooth surfaces (concrete, asphalt,
gravel, or bare soil) - 0011
Fallow (no residus) 0.06
Cultivated soils
Residue cover $20% 0.06
Residue cover >20% 017
Gruss:
Short SREsS JHRIIE .cvveo e e rrer eeeesnees scaene s aene Q.13
Dense gm -4 .24
Bermwidngrass . | 041
Range (natural) 0.13
Words:al
Light underbrush 25 0.40
Dense underbrush .80
{ The nialyes are a composite of nfe puled by Bngr
{1u83),

()

Includes spectes such as weeping Iovegrass, bluegross, bufido

uss, bine grooma grass, and native grass mixtures,
3 When selecting n, constder cover to a height of sbout 0.1 ft. This

ts the anly part of the plnt cover that will chstrics sheot flow.

For sheet flow of less than 300 feet, use Manning's
kinematic solution (Overtop and Meadows 1976) to
compute Tg

. = 0.007()"
= (p.. )-?lss‘“ [eq. 3-3}
where:

T, = travel ime (hr),
n = Manning's roughness coefficient (table 3-1)
L = flow length (ft)
Py = 2year, 24-hour minfall (in)
9 = slope of hydraulic grade line
(land alope, ft/ft)

This simplified form of the Manning's kinematic sohs-
tion is based on the following: (1) ahallow steady
uniform flow, (2) canstant intensity of rinfall excess
(that part of a rain available for nmofY), (3) rainfall
duration of 24 hours, and (4) minor effect of infiltra-
tion on travel time. Rainfall depth can be obtained
from appendix B.

Shallow concentrated flow

After a maximum of 300 foet, sheet flow usiumlly be-
comes shallow concentrated flow. The average veloc-
ity for this flow can be determined from figure 3-1. in
which average velocity is a function of watercourse
slape and type of channel. For alopes less than 0.005
U, use equations given in appendix F for figure 3-1.
Tillage can affect the direction of shallow concen-
trated flow. Flow may not always be directly down the
watershed slope if tillage nins across the slope.

After determining average velocity in figure 3-1, use

vquation 3-1 to estimate travel time for the shallow
concentrated flow segment.

Oven channels



Project: Runoff near Pad  Simulation Run: Run 4

Start of Run:  01Jan2007, 00:00 Basin Model: Basin 1
End of Run: 02Jan2007, 00:05 Meteorologic Model: Met 1
Compute Time: 13Mar2008, 14:06:33 Control Specifications: Control 1

Volume Units: IN

Hydrologic Drainage Area | Peak Discharge Time of Peak Volume
Element (MI12) (CFS) (IN)

Runoff Watershed | 0.0955 33.3 01Jan2007, 12:07 0.55




Cagr . . Basin_l.basin
. Basin: Basin 1
Last Modified Date: 13 March 2008
Last Modified Time: 20:06:32
version: 3.1.0
Unit System: English
Missing Flow To Zero: No
Enable Flow Ratio: No
Allow Blending: No
4 Compute Local Flow At Junctions: No
Enda:

Subbasin: Runoff watershed
Canvas X: -1497.6958525345617
Canvas Y: 2388.6328725038406
Area: 0.0955

canopy: None
surface: None

LossRate: SCS
Percent Impervious Area: 0.0
Curve Number: 74

Transform: SCS
Lag: 12.3

Baseflow: None

Erosion: None
End:
=/ Basin Schematic Properties:
Last View N: 5000.0
Last view S: -5000.0
Last View W: -5000.0
Last view E: 5000.0
Maximum View N: 5000.0
Maximum View S: -5000.0
Maximum View W: -5000.0
Maximum View E: 5000.0
Extent Method: Elements
Buffer: O
Draw Icons: Yes
Draw Icon Labels: Yes
Draw Gridlines: Yes
Draw Flow Direction: No
End:

Page 1



Met_1l.met
Meteorology: Met 1
Description: 10yr 24 hr Event
Last Modified Date: 8 February 2008
Last Modified Time: 01:21:58
version: 3.1.0
uUnit System: English
Precipitation Method: SCS Storm
Snowmelt Method: None
g Basin Model List: Basin 1
End:

Precip Method Parameters: SCS Storm
Storm Depth: 2.4
Storm Type: Type II

End:

Subbasin: Runoff watershed
End:

Page 1
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Control_1l.control

control: Control 1

End:

Description: 24 Event

Last Modified Date: 22 January 2008
Last Modified Time: 18:40:48

Start Date: 1 January 2007

Start Time: 00:00

End Date: 2 January 2007

End Time: 00:05

Time Interval: 1

Page 1



Culvert Calculator Report

Worksheet-1
=/ Solve For: Headwater Elevation
Culvert Summary
Allowable HW Elevation 9,739.00 ft Headwater Depth/Height 0.75
Computed Headwater Elev: 9,737.63 ft Discharge 33.30 cfs
Inlet Control HW Elev. 9,737.51 ft Tailwater Elevation 0.00 ft
Qutlet Control HW Elev. 9,737.63 ft Control Type Entrance Control
Grades
Upstream Invert 9,735.00 ft Downstream Invert 9,733.80 ft
Length 235.00 ft Constructed Slope 0.005106 fvft
Hydraulic Profile
Profile S2 Depth, Downstream 1.60 ft
Slope Type Steep Normal Depth 1.60 ft
Flow Regime Supercritical Critical Depth 1.79 ft
Velocity Downstream 7.78 fUs Critical Slope 0.003478 fuft
Section
Section Shape Circular Mannings Coefficient 0.012
SectmmridptsthHDPE (Smooth Interior) Span 3.50 ft
Section Size 42 inch Rise 3.50 ft
“.~ Number Sections 1
Qutlet Control Properties
Outlet Control HW Elev. 9,737.63 ft Upstream Velocity Head 0.71 ft
Ke 0.20 Entrance Loss 0.14 ft
infet Control Properties
Inlet Control HW Elev. 9,737.51 # Flow Control Unsubmerged
Inlet Type Beveled ring, 33.7° bevels Area Full 9.6 ft2
K 0.00180 HDS 5 Chart 3
M 2.50000 HDS 5 Scale B
Cc 0.02430 Equation Form 1
Y 0.83000
s:\...\surface water controf\sed pond culvert.cvm CulvertMaster v3.1 [03.01.003.00)

03/13/08 02:26:39 PM® Bentley Systems, Inc. Haestad Methods Solution Center \Watertown, CT 08795 USA  +1-203-755-16868 Page 1 of 1
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SMITH WILLIAMS CONSULTANTS, INC.
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CALCULATION TITLE PAGE
CLIENT JOB NO. TASK NO. PAGE 1 OF 2
Cripple Creek & Victor Gold Company 1125 A100
PROJECT CALCULATION No. REV. No.
Arequa VLF 1 1
SUBJECT!/ TITLE
LOB Haul Road Diversion Channel
REV. PREPARER/ DATE REVIEWER/ DATE QA REVIEWER/ DATE CONFIRMATION
NO. REQUIRED (Y/N)
1 Derek T. Wittwer 11/25/07 Amanda L. Dolezai 3110/08 Lo 3 fnsa 5
CALCULATION OBJECTIVE

Delineate watershed impacting the LOB Haul Road, determine contribution from the watershed, and design surface water

controls to accommodate the runoff.

CALCULATION METHODOLOGY!/ LIST of ASSUMPTIONS
® The size of the surface water diversion channel is based on a 100 year 24 hour Type II storm.
¢ The watershed impacting the LOB Haul Road consists of undisturbed ground, curve number (CN) = 71.

REFERENCES

CONCLUSIONS

¢ A triangular diversion channel with the following dimensions can handle the expected runoff:

Total depth = 1.5 feet
Sides slopes = 2.5H:1V
Area=5.63 f*

Wetted Perimeter = 8.08 ft
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SMITH WILLIAMS CONSULTANTS, INC,

PROJECT: JOB NO: SHEET_2 OF_2
Arequa VLF 1125

FEATURE: Jey: DATE:

LOB Haul Road Triangular Diversion Channel DTW 11/25/07
DETAILS: CHKD BY: DATE:

Channel Sizing ALD 3/10/08

® criteria: 1) Size of surface water diversion channe! is based on precipitation equal to a 100 year 24 hour Type IT
storm event.
® Analysis:
Total Area of Watershed = 2,294,804 1° = 00823 mi? = 52.7acres
CN=71
Sheet Flow = 300 feet
Average Sheet Slope = 20%
Shallow Flow = 790 feet
Average Shallow Slope = 34%
Channel Flow = 2944feet
Average Channel Slope = 10%
Lag Time = 11.13 minutes
Peak Flow = 62.8 cfs
Precipitation Volume = 1.06 inches = 0.09 feet
Total volume from storm = precipitation volume * total are of watershed
=009 ft* 2,294,804 f+* = 206,532 f1* = 1,544,970 gallons
A triangular diversion channel with the following dimensions can handle the expected runoff.
Triangular diversion channe! dimensions:
Total depth = 15 feet
Sides slopes = 2 5H:1v
Area = 5.63f1
Wetted Perimeter = 8.08 ft
80" TRAVEL WIDTH ROADS
10 38 45 65 | 85
2 osx ‘

RPRAP [gy=8”
THCKNESS =12°




Cripple Creek and Victor
Phase 5 VLF
Lag Time Calculation Using Natural Resources Conservation Service TR-55
Phase A

Watershed Contribution Area 4

Sheet Flow
Mannings n (table 3-1)= 0.15 0.8
Flow Length (ft, max 300 ft) = 300 0.007 ( nl ) :
24 hr Rainfall, P, (in) = 1.8 Tt =
Land Slope, s (ftft)=  0.200 p 0304
Tt(hr)=  0.209 2
Tt (min) = 12,5

Shallow Concentrated Flow

Flow Length, L (ft) = 790
Watercourse Slope (ftAt) = 0.340 L
Average Velocity, V (ft/sec, fig 3-1) = 9.5
Tt(hr) = 0.023 T ==

Tt (min) = 1.4 ! 3600 V

Channel Flow
Cross Sectional Flow Area, a (&) = 5.63 1.49 4234172
Wetted Perimiter, p,, (ft) = 8.08 V = ==
Hydraulic Radius, r = alp, (ft) = 0.70 n
Channel Siope, s (f/ft) = 0.1
Manning's n = 0.035 T - L
V (ft/sec) = 10.58 t =
Flow Length, L (ft)= 2944 3600V
Tt(hr) = 0.077
Tt (min) = 46
Watershed or subarea T¢ = 0.309
Lag time (hr) = 0.185
Lag time (min) = 11.13

Note: Figure 3-1 and table 3-1 are on sheet 2
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Chapter 3 Time of Concenteation and Travel Time Tewhntcal Relonse 65

Uthan [ydraboegy for Small Watersheds

Sheet flow

Sheet flow is flow over plane surfaces. [t nsually
oceurs in the headwater of streams. With sheet flow,
the fricdon value i Manning’s n) is an effective rough-
ness coetficient that includes the effect of mindrop
impact; Irag over the plane surface; chstacles such as
litter, crop ridges, and rocks: and erogion and uans-
poriation of sediment. These n vahies are for very
ahallow flow depsths of about 0.1 foot or 80, Table 3-1
aives Manning's n values for sheet flow for various
surface conditions.

Table 3-1 Roughness coefficients (Manning’s n) for
—

sheet Now

Surface description nt

Sowouth surfaces (concrete, asphalt,

grovel, or bare soil) [1X53 § 4
Fallow (no residue) .06
Cultivated soils

Residite cover S2006 ... ivniniininnentsissseans 0.

Pesidue cover >209% (8 g
Gross:

Short gruss prairie 0.15

Dense gm & 0.2:4

Bermmdagrass . a4l
Range ¢ i) .13
Woods:¥

Light underbrnush 040

Dese usulerbrush Q.80
t The nvalues area compstte of mfonmation cumpied by Engman

{1988).

Incindes spectes such an weeping lovegrass, bluegrass, butilo
Zusy, blue granu grass, and nattve 2pass mixtores

3 When sedecimg n, constder cover to a hetght of about. 0.1 R, This
ts the anly part of the plant cover that will chstruct sheet luw.

For sheet flow of losy than 300 feet, use Manning's
kKinemadc solution (Overtop and Meadows 1976) to
compute Tyg
_ 2.007(nL)"*
t= (Pg )“BS‘M [eq. 3-3)

where:

T, = travel time (hr),
n = Manning's roughness coefficient (table 3-1)
L = fluw length ()
Ps = Z-year, 24-hour rainfall (in)
3 = slope of hyJdraulic grade line
Jdand slope, [t/R)

This stimplified form of the Manning's kinematic soh-
tion is based on the following: (1) shallow steady
uniform flow, (2) constant intensity of rainfall excess
ithat part of a rain availlable for runoft), (3) rainfall
duration of 24 hours, and (4) minor effect of infiltra-
tion on travel time. Rainfall depth can be obtained
from appenidix B.

Shallow concentrated {low

After a maximum of 300 feet, sheet flow usually be-
comes shallow concentrated flow. The average veloc-
ity for this flow can be determined from figure 3-1, in
which average velocity is a function of watercourse
slope and type of channel. For slopes less than 0.005
/R, use equations given in appendix F for figure 3-1.
Tillnge can affect the direction of shallow concen-
trated flow. Flow may not always be direcily down the
watershed slope if tillage runs across the stope.

After determining average velocity in figire 3-1, use

equation 3-1 to estimate travel time for the shallow
concentrated flow segment.

Oonen chamnels



Project: CC&V LOB Simulation Run: Run 3
Start of Run:  01Jan2008, 00:00 Basin Model: Basin 1

End of Run: 02Jan2008, 00:01 Meteorologic Model: 100 year 24 hour
Compute Time: 13Mar2008, 16:38:48 Control Specifications: Control 1

Volume Units: IN

Hydrologic | Drainage Area |Peak Discharge| Time of Peak Volume
Element (MI12) (CFS) (IN)

Subbasin-1 0.0823 62.8 01Jan2008, 12:05 1.06




7 Basin_l.basin
Basin: Basin 1
Last Modified Date: 13 mMarch 2008
Last Modified Time: 22:38:47
Version: 3.1.0
Unit System: English
Missing Flow To Zero: No
Enable Flow Ratio: No
Allow Blending: No
d Compute Local Flow At Junctions: No
End:

Subbasin: Subbasin-1
Canvas X: -806.4516129032254
Canvas Y: 1221.1981566820277
Area: 0.0823

Canopy: None
surface: None

LossRate: SCS
Percent Impervious Area: 0.0
curve Number: 71

Transform: SCS
Lag: 11.13

Baseflow: None

Erosion: None
End:

o Basin Schematic Properties:
Last view N: 5000.0
Last Vview S: -5000.0
Last View w: -5000.0
Last View E: 5000.0
Maximum View N: 5000.0
Maximum View S: -5000.0
Maximum View W: -5000.0
Maximum View E: 5000.0
Extent Method: Elements
Buffer: 0
Draw Icons: Yes
Draw Icon Labels: Yes
Draw Gridlines: Yes
Draw Flow Direction: No

End:

Page 1



100_year_24_hour.met
Meteorology: 100 year 24 hour
Last Modified pDate: 10 march 2008
Last Modified Time: 20:18:40
version: 3.1.0
Unit System: English
Precipitation Method: SCS Storm
Snowmelt Method: None
d Basin Model List: Basin 1
End:

Precip Method Parameters: SCS Storm
Storm Depth: 3.5
Storm Type: Type II

End:

Subbasin: Subbasin-1
End:

Page 1
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Control_l.control

Control: Control 1

End:

Last Modified pDate: 10 March 2008
Last Modified Time: 20:19:59
Start Date: 1 January 2008

start Time: 00:00

End Date: 2 January 2008

End Time: 00:01

Time Interval: 1

Page 1



LOB Triangular Diversion Channel

Project Description

Friction Method Manning Formula
Solve For Discharge
Input Data
Roughness Coefficient 0.035
Channel Slope 0.10000 fuft
Normal Depth 150 ft
Left Side Slope 250 f/R(H:V)
Right Side Slope 250 fm(H:v)
Results
Discharge 5§0.33 ft¥s
Flow Area 563 ft2
Wetted Perimeter 8.08 ft
Top Width 750 f#
Critical Depth 204 ft
Critical Slope 0.01959 f/ft
Velocity 1055 fs
Velocity Head 173 f
Specific Energy 323 ft
Froude Number 215
Flow Type Supercritical
GVF Input Data
Downstream Depth 0.00
Length 0.00 #
Number Of Steps 0
GVF Output Data
Upstream Depth 0.00 f
Profile Description
Profile Headloss 000 ft
Downstream Velocity Infinity fi/s
Upstream Velocity Infinity  fi/s
Normal Depth 150 +#
Critical Depth 204 #
Channel Slope 0.10000 it
Critical Slope 0.01959 fft
Bentley Systeams, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]

3/10/2008 5:19:43 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



Culvert Calculator Report

Worksheet-2
o/ Solve For: Headwater Elevation
Culvert Summary
Allowable HW Elevation 9,886.59 ft Headwater Depth/Height 0.94
Computed Headwater Eleve 9,884.80 ft Discharge 63.00 cfs

Inlet Control HW Elev. 9,884.19 ft Tailwater Elevation 9,880.13 ft
Qutlet Control HW Elev. 9,884.80 ft Control Type Outlet Control
Grades

Upstream Invert 9,881.50 ft Downstream Invert 9,880.13 ft
Length 137.30 ft Constructed Slope 0.000000 fift
Hydraulic Profile

Profile H2 Depth, Downstream 1.74 ft
Slope Type Horizontal Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 1.74 ft
Velocity Downstream 6.62 fi/s Critical Slope 0.013738 fuft
Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 3.50 ft
Section Size 42 inch Rise 3.50 ft
Number Sections 2

Outlet Control Properties

Outlet Control HW Elev. 9,884.80 ft Upstream Velocity Head 0.21 ft
Ke 0.90 Entrance Loss 0.19 ft
Inlet Control Properties

inlet Control HW Elev. 9,884.19 ft Flow Control Unsubmerged
Inlet Type Projecting Area Full 19.2 fi2
K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000

s:\...\surface water control\haul road culvert.cvm CulvertMaster v3.1 [03.01.003.00]
03/13/08 04:49:05 PMD Bentley Systems, Inc. Haestad Methods Solution Center Watertown, CT 08795 USA  +1-203-755-1666 Page 1 of 1
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SMITH WILLIAMS CONSULTANTS, INC.

&

e

CALCULATION TITLE PAGE

CLIENT JOB NO. TASK NO. PAGE OF 5§
Cripple Creek & Victor Gold Company 1125 A100
PROJECT CALCULATION No. REV. No.
Arequa VLF 1 1
SUBJECT/ TITLE
Post Closure Watsrsheds and Diversion Channels -

REV. PREPARER/ DATE REVIEWER/ DATE QA REVIEWER/ DATE CONFIRMATION

NO. REQUIRED (Y/N)

1 Amanda L. Dolezal 2/26/08 Derek T. Wittwer 3/1/08 P hdiser S S s
v 4 A

CALCULATION OBJECTIVE

Delineate watershed impacting the post closure design, determine contribution from each watershed, and design surface
water controls to accommodate the runoff.

CALCULATION METHODOLOGY!/ LIST of ASSUMPTIONS

The size of the surface water diversion channel is based on a 100 year 24 hour Type II storm.

The watershed contribution areas can be broken into 6 separate areas.

Watershed contribution areas 1 and 2 are grouped together to form the South watershed.

Watershed contribution areas 3A, 3B, 4 and 5 are grouped together to form the North watershed.

All of the watersheds consist of disturbed ground, curve number (CN) = 50.

REFERENCES

CONCLUSIONS

Two trapezoidal diversion channels, one in the North Watershed and one in the South Watershed with the
following dimensions can handle the expected runoff:

Total depth = 2.5 feet
Sides slopes = 4H:1V
Area=37.5 ft?

Wetted Perimeter = 25.6 ft
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SMITH WILLIAMS CONSULTANTS, INC.

""PROJECT: JOB NO: SHEET_2_ OF_ 5
Arequa VLF 1125
FEATURE: BY: DATE:
Post Closure Watersheds and Diversion Channels ALD 2/26/08
DETAILS: CHKD BY: DATE:
Runoff Contributions and Channel Sizing DTW 3/1/08

® Criteria:

® Analysis:
Total Area of Each Watershed:

1) Size of surface water diversion channel is based on precipitation equal to a 100 year 24 hour Type II

storm event.

Watershed 1: Area = 328,971 f1° = 0.0118 mi?

Total length of flow path = 1580 ft

Sheet Flow = 300 feet
Average Sheet Slope = 8%

Shallow Flow = 142 feet
Average Shallow Slope = 18%

Peak Flow = 0.4 cfs
Lag Time = 11.05 minutes
CN =50

Watershed 2: Area = 724,841 ft? = 0.0260 mi?

Total length of flow path = 1581 ft

Sheet Flow = 300 feet
Average Sheet Slope = 33%

Shallow Flow = 160 feet
Average Shallow Slope = 47%

Peak Flow = 1.3 cfs
Lag Time = 6.30 minutes
CN =50
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SMITH WILLIAMS CONSULTANTS. INC

PROJECT: JOB NO: SHEET_3 OF_§
_ Arequa VLF 1125
w FEATURE: BY: DATE:
Post Closure Watersheds and Diversion Channels ALD 2/26/08
DETAILS: CHKD BY: DATE:
Runoff Contributions and Channel Sizing DTW 3/1/08
® Aralysis:

Total Area of Each Watershed:
Watershed 3A: Area = 2,234,655 12 = 0.0802 mi?
Total length of flow path = 1275 ft

Sheet Flow = 300 feet
Average Sheet Slope = 8%

Shallow Flow = 975 feet
Average Shallow Slope = 31%

Peak Flow = 2.6 cfs

Lag Time = 11.93 minutes
CN =50

( Watershed 3B: Area = 1,055,432 f1° = 0.0379 mi?

Total length of flow path = 2532 ft

Sheet Flow = 300 feet
Average Sheet Slope = 8%

Shallow Flow = 2232 feet
Average Shallow Slope = 23%

Peak Flow = 13.82 cfs
Lag Time = 13.82minutes
CN=50
Watershed 4: Area = 3,543,826 f1° = 0.1271mi?

Total length of flow path = 1317 ft

Sheet Flow = 300 feet
Average Sheet Slope = 1%

Shallow Flow = 1017 feet
Average Shallow Slope = 15%

(;9 Peak Flow = 3.2 cfs
: Lag Time = 26.53 minutes

CN =50
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SMITH WILLIAMS CONSULTANTS, INC

PROJECT: JOB NO: SHEET_4_OF_§
Arequa VLF 1125
FEATURE: BY: DATE:
Post Closure Watersheds and Diversion Channels ALD 2/26/08
DETAILS: CHKD BY: DATE:
Runoff Contributions and Channel Sizing DTW 3/1/08

® Analysis:

Total Area of Each Watershed:
Watershed 5: Area = 3,945,885 f2 = 0.1415 mi’
Total length of flow path = 2259 ft

Sheet Flow = 300 feet
Average Sheet Slope = 1%

Shallow Flow = 1959 feet
Average Shallow Slope = 17%

Peak Flow = 3.5 cfs
Lag Time = 28.29 minutes
CN=50

North Diversion Channel: (Watersheds 3A, 3B, 4 & 5)
Total length of flow path = 3445 ft (Channel Flow)

Section 1 = 2022 feet @ 11% (NW)
Peak Flow = 5.4 cfs

Lag Time = 1.06 minutes

CN =50

Section 2 = 1423 feet @ 1% (NE)
Peak Flow = 10.1cfs

Lag Time = 2.59 minutes

CN =50

South Diversian Channel: (Watersheds 1 & 2)
Total length of flow path = 1614 ft (Channel Flow)
Section 1 = 1614 feet @ 20%
Peak Flow = 1.5 cfs

Lag Time = 0.66 minutes
CN =50
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SMITH WILLIAMS CONSULTANTS, INC

PROJECT: JOB NO: SHEET_§ OF_§
Arequa VLF 1125

W FEATURE: BY: DATE:
Post Closure Watersheds and Diversion Channels ALD 2/26/08
DETAILS: CHKD BY: DATE:
Runoff Contributions and Channel Sizing DTW 3/1/08

® Analysis:

dimensions can handle the expected runoff.
Trapezoidal diversion channels dimensions:
Total depth = 2.5 feet

Sides slopes = 4H:1V

Area = 37.5 f1?

Wetted Perimeter = 25.6 ft

North Watershed Total Length = 3445 feet

South Watershed Total Length = 1614 feet

Two trapezoidal diversion channels, one in the North Watershed and one in the South Watershed, with the following

— 2.0'

CROUND




Project:

Start of Run:
End of Run:

01Jan2008, 00:00
02Jan2008, 00:05

CC&V Simulation Run: South

Basin Model:
Meteorologic Model:

South Watershed
100 yr 24 hr

Compute Time: 27Feb2008, 16:10:33  Control Specifications: Control 1

Volume Units; IN

Hydrologic Drainage Area | Peak Discharg:LTime of Peak Volume
Element (MiI2) (CFS) (IN)
Diversion Channel]0.0378 1.5 01Jan2008, 12:06 0.19
WS #1 0.0118 0.4 01Jan2008, 12:12 0.19
WS #2 0.0260 1.3 01Jan2008, 12:05 0.20




south_watershed.basin

Basin: South watershed

Description: watersheds 1 & 2

Last Modified Date: 27 February 2008

Last Modified Time: 23:10:03

version: 3.1.0

Unit System: English

Missing Flow To Zero: No

Enable Flow Ratio: No

Allow Blending: No

d Compute Local Flow At Junctions: No

End:

Subbasin: ws #1
Description: watershed #1
Canvas X: 115.20737327188999
Canvas Y: -1036.8663594470045
Area: 0.0118
Downstream: Diversion Channel

Canopy: None
surface: None

LossRate: SCS
Percent Impervious Area: 0.0
Curve Number: 50

Transform: SCS
Lag: 11.05

Baseflow: None

Erosion: None
End:

Reach: Diversion channel
Canvas X: -529.9539170506914
canvas Y: -4539.170506912442
From Canvas X: 115.20737327188999
From Canvas Y: -3402.4577572964645
Label X: -6.0
Label v: -10.0

Route: Lag

Lag: 0.66

Channel Loss: None
End:

Subbasin: ws #2
Description: watershed #2
Canvas X: 2281.1059907834106
Canvas Y: -2188.940092165898
From Canvas X: 1134.5659636463688
From Canvas Y: 97.35570159258259
Area: 0.026
Downstream: Diversion cChannel

Canopy: None
surface: None

LossRate: SCS
Percent Impervious Area: 0.0
Page 1
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End:

Curve Number: 50

Transform: SCS
Lag: 6.3

Baseflow: None

Erosion: None

Basin Schematic Properties:

End:

Last vView N: 5000.0
Last view S: -5000.0
Last View W: -5000.0
Last view E: 5000.0
Maximum View N: 5000.0
Maximum View S: -5000.0
Maximum View W: -5000.0
Maximum View E: 5000.0
Extent Method: Elements
Buffer: 0

Draw Icons: Yes

Draw Icon Labels: Yves
Draw Gridlines: Yes
Draw Flow Direction: No

South_watershed.basin

Page 2



100_yr_24_hr.met

Meteorology: 100 yr 24 hr

Last Modified Date: 15 February 2008

tast Modified Time: 18:40:12

version: 3.1.0

Unit System: English

pPrecipitation Method: SCS Storm

Snowmelt Method: None

g Basin Model List: South watershed,North watershed

End:

Precip Method Parameters: SCS Storm
Storm Depth: 3.5
storm Type: Type II

End:

subbasin: WS #2
End:

Subbasin: WS #1
End:

Subbasin: WS #3A
End:

subbasin: ws #4
End:

subbasin: ws #5
End:

subbasin: wS #3B
End:

Page 1



Qﬁy Control_1l.control
Control: Control 1
Description: 24 hour
Last Modified Date: 15 February 2008
Last Modified Time: 01:19:39
Start Date: 1 January 2008
Start Time: 00:00
End Date: 2 January 2008
End Time: 00:05
Time Interval: 1
End:

(;, Page 1
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Chapter 3 Time of Concentration and Travel Time Tehnical Relasse 65
Urban Hydrology for Smuall Watersheds

Figure 3-1  Average velocities for estimating travel time for shallow cancentrated flow
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Cripple Creek and Victor
Arequa VLF
Lag Time Calculation Using Natural Resources Conservation Service TR-55
Post Closure Watershed #1

Watershed Contribution Area

Sheet Flow
Mannings n (table 3-1)= 0.15 0.8
Flow Length (ft, max 300 ft) = 300 0.007 ( nl ) :
24 hr Rainfall, P, (in) = 1.8 T; =
Land Slope, s (fUf) = 0.080 p 0304
Tt(hr)=  0.301 2
Tt (min) = 18.1

Shallow Concentrated Flow

Flow Length, L (ft) = 142
Watercourse Slope (ft/ft) = 0.180 .L
Average Velocity, V (fUsec, fig 3-1) = 6.75
Tt(hr) = 0.006 T =

Tt (min) = 0.4 ! 360() V

Channel Flow

Cross Sectional Flow Area, a (f2) = 375 1.49 p2/341/2
Wetted Perimiter, p,, (ft) = 256 V ==
Hydraulic Radius, r = alp, (fty= 1.46 n
Channel Siope, s (fUft) = 0.26
Manning's n = 0.035 T _ L
V (ft'sec) = 28.00 ¢t =
Flow Length, L (ft) = 0 3600V
Tt (hr) = -
Tt (min) = -
Watershed or subarea Tc = 0.307
Lag time (hr) = 0.184
Lag time (min) = 11.05

Note: Figure 3-1 and table 3-1 are on sheet 2



Cripple Creek and Victor
Arequa VLF
Lag Time Calculation Using Natural Resources Conservation Service TR-55
Post Closure Watershed #2

Watershed Contribution Area

Sheet Flow
Mannings n (table 3-1)= 0.15 0.8
Flow Length (ft, max 300 f) = 300 0.007 (nl )™
24 hr Rainfall, P, (in) = 1.8 Tt =
Land Slope, s (fft)=  0.330 pos 04
Tt(hr)=  0.171 2
Tt (min) = 10.3

Shallow Concentrated Flow

Flow Length, L (ft)y= 160
Watercourse Slope (ft/ft) = 0.470 L
Average Velocity, V (ft/sec, fig 3-1) = 11
Tt(hr) = 0.004 T’t =
Tt (min) = 0.2 360() V
Channel Flow
Cross Sectional Flow Area, a (fA) = 375 1.49 2/3g1/2
Wetted Perimiter, p,, (ft) = 25.6 V = =
Hydraulic Radius, r = alp,, (ft) = 1.46 n
Channel Siope, s (fft) = 0.26
Manning's n = 0.035 T = L
V (ft'sec) = 28.00 t
Flow Length, L (ft) = 0 3600V
Tt(hr) = -
Tt (min) = -
Watershed or subarea T¢ = 0.175
Lag time (hr) = 0.105
Lag time (min) = 6.30

Note: Figure 3-1 and table 3-1 are on sheet 2



Cripple Creek and Victor
Arequa VLF

Lag Time Calculation Using Natural Resources Conservation Service TR-55

South Diversion Channel

Watershed Contribution Area

Sheet Flow
Mannings n (table 3-1) = 0.15
Flow Length (ft, max 300 ft) = 0
24 hr Rainfall, P, (in) = 1.8
Land Slope, s (ft/ft) = 0.080
Tt (hr)= -
Tt (min) = -

Shaltow Concentrated Flow

Flow Length, L (ft) = 0

Watercourse Slope (fUft) = 0.180

Average Velocity, V (ft/sec, fig 3-1) = 6.75
Tt (hr) = .
Tt (min) = -

Channel Flow

Cross Sectional Flow Area, a (f?) = 375
Wetted Perimiter, p,, (ft) = 25.6
Hydraulic Radius, r = a/p,, (ft) = 1.46
Channel Slope, s (ft/ft) = 0.2
Manning's n = 0.035

V (ft/sec) = 2456
Flow Length, L (ft) = 1614

Tt (hr) = 0.018

Tt (min) = 1.1

Watershed or subarea Tc = 0.018
Lag time (hr) = 0.011
Lag time (min) = 0.66

Note: Figure 3-1 and table 3-1 are on sheet 2

_0.007 (nl)"*

0.5 0.4
P,s

T

t

Tz =
3600V

1.49 %352

V =
n

T, =i
3600V



South Diversion Channel

Project Description

Friction Method
Solve For

Input Data

Roughness Coefficient
Channel Slope

Normal Depth

Left Side Slope

Right Side Slope
Bottom Width

Results

Discharge

Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula
Discharge

0.150
0.20000
2.50
4.00
4.00
5.00

214.19
37.50
25.62
25.00

228
0.30377
5.71
0.51
3.01
0.82
Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

2.50

2.28

0.20000
0.30377

fu
ft

Ut (H:V)
it (H:V)
ft

fti/s

»

/Rt
f/s

3/10/2008 11:42:08 AM

Bentley Systems, Inc. Haestad Methods Solution Center

Bentley FlowMaster [08.01.066.00)

27 Slemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



Project: CC&V  Simulation Run: North
Start of Run:  01Jan2008, 00:00 Basin Model: North Watershed

End of Run: 02Jan2008, 00:05 Meteorologic Model: 100 yr 24 hr
Compute Time: 20Mar2008, 10:49:15 Control Specifications: Control 1

Volume Units: IN

Hydrologic |Drainage Area |Peak Discharge| Time of Peak Volume
Element (MI2) (CFS) (IN)
Reach NE 0.3867 9.7 01Jan2008, 12:39 0.19
Reach NW 0.2073 5.3 01Jan2008, 12:35 0.19
WS #3A 0.0802 26 01Jan2008, 12:13 0.19
WS #3B 0.0379 1.2 01Jan2008, 12:17 0.19
WS #4 0.1271 3.2 01Jan2008, 12:39 0.19
WS #5 0.1415 3.5 01Jan2008, 12:41 0.19




ng North_watershed.basin
Basin: North watershed
Description: watersheds 3A, 3B, 4 & 5
Last Modified Date: 20 March 2008
Last Modified Time: 16:49:15
version: 3.1.0
unit System: English
Missing Flow To Zero: No
Enable Flow Ratio: No
Allow Blending: No
d Compute Local Flow At Junctions: No
End:

Subbasin: wS #3A
Description: watershed #3A
Canvas X: -2173.5791090629796
Canvas Y: 2296.466973886329
Area: 0.0802
Downstream: Reach Nw

Canopy: None
surface: None

LossRate: SCS
Percent Impervious Area: 0.0
curve Number: 50

Transform: SCS
Lag: 11.93

Baseflow: None
hﬁi Erosion: None
End:

Subbasin: ws #4
Description: watershed #4
Canvas X: -2649.7695852534557
Canvas Y: 775.7296466973894
From Canvas X: -153.6098310291859
From Canvas Y: -2350.230414746544
Area: 0.1271
Downstream: Reach Nw

Canopy: None

surface: None

LossRate: SCS

Percent Impervious Area: 0.0
Curve Number: 50

Transform: SCS
Lag: 26.53

Baseflow: None

Erosion: None
End:

Subbasin: wS #5
Description: watershed #5
Canvas X: 1774.1935483870966

\%b, Page 1



(37 North_watershed.basin
- Canvas Y: 545.3149001536103
From Canvas X: -153.60983102918544
From Canvas Y: -1920.1228878648235
Area: 0.1415
pownstream: Reach NE

Canopy: None
surface: None

LossRate: SCS
Percent Impervious Area: 0.0
Curve Number: 50

Transform: SCS
Lag: 28.29

Baseflow: None

Erosion: None
End:

subbasin: wS #3B
Description: Watershed #3B
Canvas X: 1850.9984639016902
Canvas Y: 2050.6912442396315
Label x: -2.0
Label v: -1.0
Area: 0.0379
Downstream: Reach NE

Qai Canopy: None

surface: None

LossRate: SCS
Percent Impervious Area: 0.0
curve Number: 50

Transform: SCS
Lag: 13.82

Baseflow: None

Erosion: None
End:

Reach: Reach Nw
Description: #1
Canvas X: -314.9001536098308
Canvas Y: 1205.8371735791093
From Canvas X: -1298.0030721966214
From Canvas Y: 1559.1397849462364
Label X: -69.0
Label v: -16.0
bownstream: Reach NE

Route: Lag

Lag: 1.06

Channel Loss: None
End:

Reach: Reach NE

\ﬂf Page 2



North_watershed.basin
Description: #2
Canvas X: 1589.8617511520742
Canvas Y: 1466.9738863287253
From Canvas X: -314.9001536098308
From Canvas Y: 1205.8371735791093
Label x: 2.0
Label v: -17.0

Route: Lag

Lag: 2.59

Channel Loss: None
End:

Basin Schematic Properties:
Last View N: 5000.0
Last view S: -5000.0
Last View W: -5000.0
Last View E: 5000.0
Maximum View N: 5000.0
Maximum View S: -5000.0
Maximum View W: -5000.0
Maximum View E: 5000.0
Extent Method: Elements
Buffer: 0
Draw Icons: Yes
Draw Icon Labels: Yves
Draw Gridlines: Yes
Draw Flow Direction: No

End:

Page 3



Meteorology: 100 yr 24 hr

100_yr_24_hr.met

Last Modified Date: 15 February 2008
Last Modified Time:
Vversion: 3.1.0

Unit System: English

18:40:12

Precipitation Method: SCS Storm

snowmelt Method: None

Basin Model List: South watershed,North watershed

End:

Precip Method Parameters:

Storm Depth: 3.5
Storm Type: Type II

End:

subbasin:

End:

Subbasin:

End:

Subbasin:

End:

subbasin:

End:

Subbasin:

End:

subbasin:

End:

WS #2

ws #1

WS #3A

WS #4

WS #5

WS #3B

SCS storm
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c;i’ control_1.control
Control: Control 1
Description: 24 hour
Last Modified Date: 15 February 2008
Last Modified Time: 01:19:39
Start Date: 1 January 2008
start Time: 00:00
End Date: 2 January 2008
End Time: 00:05
Time Interval: 1
End:
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Chapter 3 Time of Concentration and Travel Time Technical Release 65
Urban Hydrology for Small Watarsheds

Figure 3-1  Average velocities for estimating travel time for shallow concentrated flow
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Chapter 3 Time of Concentration and Travel Time Technical Release 55
Urtan Hydrology for Small Watersheds

Figure 3-1 Average velocities for estimating travel time for shallow concentrated flow
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Cripple Creek and Victor
Arequa VLF
Lag Time Calculation Using Natural Resources Conservation Service TR-55
Post Closure Watershed #3A

Watershed Contribution Area

Sheet Flow
Mannings n (table 3-1) = 0.15 0.8
Flow Length (ft, max 300 ft) = 300 0.007 ( nl ) :
24 hr Rainfall, P, (in) = 1.8 Tt =
Land Siope, s (/)= 0,080 p 0304
Tt(hr)=  0.301 2
Tt (min) = 18.1

Shallow Concentrated Flow

Flow Length, L (ft) = 975
Watercourse Slope (ft/ft) = 0.310 L
Average Velocity, V (ft/sec, fig 3-1) = 9
Tt (hr) = 0.030 T't -
Tt (min) = 1.8 3600 V
Channel Flow
Cross Sectional Flow Area, a (ff) = 375 1.49 5235172
Wetted Perimiter, p,, (ft) = 25.6 V = =
Hydraulic Radius, r = a/p,, (ft) = 1.46 n
Channel Slope, s (ft/ft) = 0.26
Manning's n = 0.035 T _ L
V (ft'sec) = 28.00 t =
Flow Length, L (ft) = 0 3600V
Tt (hr) = -
Tt (min) = 4
Watershed or subarea T¢ = 0.331
Lag time (hr) = 0.199
Lag time (min) = 11.93

Note: Figure 3-1 and table 3-1 are on sheet 2



Cripple Creek and Victor
Arequa VLF
Lag Time Calculation Using Natural Resources Conservation Service TR-55
Post Closure Watershed #3B

Watershed Contribution Area

Sheet Flow
Mannings n (table 3-1)= 0.15 0.8
Flow Length (ft, max 300 ft) = 300 0.007 (n/ )
24 hr Rainfall, P, (in) = 1.8 Tt =
Land Slope, s ()= 0.080 p 0304
Tt(hr)=  0.301 2
Tt (min) = 18.1

Shallow Concentrated Flow

Flow Length, L (ft) = 2232
Watercourse Slope (fft) = 0.230 L
Average Velocity, V (ft/sec, fig 3-1) = 75
Tt(hr) = 0.083 T; =
Tt (min) = 5.0 3600 V

Channel Flow

Cross Sectional Flow Area, a (ft2) = 375 1.49 p2/341/2
Wetted Perimiter, p,, (ft) = 25.6 V = ==
Hydraulic Radius, r = a/p,, (ft) = 1.46 n
Channel Slope, s (fuit) = 0.26
Manning's n = 0.035 T _ L
V (ft'sec) = 28.00 t
Flow Length, L (ft) = 0 3600V
Tt (hr)= -
Tt (min) = -
Watershed or subarea Tc = 0.384
Lag time (hr) = 0.230
Lag time (min) = 13.82

Note: Figure 3-1 and table 3-1 are on sheet 2



Cripple Creek and Victor
Arequa VLF
Lag Time Calculation Using Natural Resources Conservation Service TR-55
Post Closure Watershed #4

Watershed Contribution Area

Sheet Flow
Mannings n (table 3-1) = 0.15 0.8
Flow Length (ft, max 300 ft) = 300 0.007 (nl ) :
24 br Rainfall, P, (in) = 1.8 Tt =
Land Slope, s (fYf)=  0.010 p 0304
Tt(h)=  0.692 2
Tt (min) = 415

Shallow Concentrated Flow

Flow Length, L (ft) = 1017
Watercourse Slope (fUft) = 0.150 L
Average Velocity, V (ftsec, fig 3-1) = 6.25
Tt (hr) = 0.045 T ==

Ttmin)= 27 ‘36001

Channel Flow

Cross Sectional Flow Area, a (f?) = 375 1.49 p2/341/2
Wetted Perimiter, p,, (ft) = 25.6 V = =
Hydraulic Radius, r = a/p,, (ft) = 1.46 n
Channel Slope, s (ft/ft) = 0.26
Manning's n = 0.035 T _ L
V (ft'sec) = 28.00 t
Flow Length, L (ft) = 0 3600V
Tt(hr) = -
Tt (min) = -
Watershed or subarea Tc = 0.737
Lag time (hr) = 0.442
Lag time (min) = 26.53

Note: Figure 3-1 and table 3-1 are on sheet 2



Cripple Creek and Victor
Arequa VLF
Lag Time Calculation Using Natural Resources Conservation Service TR-55
Post Closure Watershed #5

Watershed Contribution Area

Sheet Flow
Mannings n (table 3-1)= 0.15 0.8
Flow Length (ft, max 300 t) = 300 0.007 (nl)™
24 hr Rainfall, P, (in) = 1.8 T =
Land Slope, s (f/ft) = 0.010 P 0.5 S Ot
Tt(h)=  0.692 2
Tt(min)= 415

Shallow Concentrated Flow

Flow Length, L (ft) = 2285
Watercourse Slope (fUft) = 0.170 L
Average Velocity, V (f'sec, fig 3-1) = 6.75
Tt (hr) = 0.094 T ==

Tt (min) = 5.6 ! 3600 V

Channel Flow

Cross Sectional Flow Area, a (%) = 375 1.49 2/3g1/2
Wetted Perimiter, p,, (ft) = 256 Vv = =
Hydraulic Radius, r = alp, (ft) = 1.46 n
Channel Slope, s (ft/ft) = 0.26
Manning's n = 0.035 T _ L
V (ft/sec) = 28.00 t
Flow Length, L (ft) = 0 3600V
Tt (br) = -
Tt (min) = -
Watershed or subarea Tc = 0.786
Lag time (hr) = 0.472
Lag time (min) = 28.29

Note: Figure 3-1 and table 3-1 are on sheet 2



Cripple Creek and Victor
Arequa VLF
Lag Time Calculation Using Natural Resources Conservation Service TR-55
North Diversion Channel - NW Reach

Watershed Contribution Area

Sheet Flow
Mannings n (table 3-1) = 0.15 0.8
Flow Length (ft, max 300 ) = 0 0.007 ( nl )™
24 hr Rainfall, P, (in) = 1.8 I = =
Land Slope, s (fft) = 0.080 P04
Tt (hr) = - 2
Tt (min) = -
Shallow Concentrated Flow
Flow Length, L (ft) = 0
Watercourse Slope (fft) = 0.180 L
Average Velocity, V (f/sec, fig 3-1) = 6.75
Tt (hr) = - ]-'t =
Tt (min) = 3 3600 V
Channel Flow
Cross Sectional Flow Area, a () = 375 1.49 y2/3g41/2
Wetted Perimiter, p,, (ft) = 25.6 V = =
Hydraulic Radius, r = alp, (fty = 1.46 n
Channel Slope, s (fuft) = 0.12
Manning's n = 0.035 T = L
V (f/sec) = 19.02 t
FlowLength, L (f) = 2022 3600V
Tt (hr) = 0.030
Tt (min) = 1.8
Watershed or subarea Tc = 0.030

Lag time (hr) = 0.018
Lag time (min) = 1.06

Note: Figure 3-1 and table 3-1 are on sheet 2



North Diversion Channel -

NW Reach

Project Description

Friction Method
Solve For

Input Data

Roughness Coefficient

Channel Slope
Normal Depth
Left Side Slope
Right Side Slope
Bottom Width

Resuits

Discharge

Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Siope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Siope

3/10/2008 11:55:02 AM

Manning Formula
Discharge

0.150
0.12000
2.50
4.00
4.00
5.00

165.91
37.50
25.62
25.00

2.01
0.31445
4.42
0.30
2.80
0.64
Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

2.50

2.01

0.12000
0.31445

Bentley Systems, Inc. Haostad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666

fi/ft

ft

f/ft (H:V)
fft (H:V)
ft

ft¥/s
ﬂz

ft/ft

Bentley FlowMaster [08.01 .066.00]
Page 1 of 1



Cripple Creek and Victor
Arequa VLF

Lag Time Calculation Using Natural Resources Conservation Service TR-55

North Diversion Channel - NE Reach

Watershed Contribution Area

Sheet Flow
Mannings n (table 3-1) = 0.15 0.8
Flow Length (ft, max 300 ft) = 0 0.007 (nl )™
24 hr Rainfall, P, (in) = 1.8 Tt =
Land Slope, s (f/ft)=  0.080 p 0504
Tt (hr) = - 2
Tt (min) = -

Shallow Concentrated Flow

Flow Length, L (ft) = 0
Watercourse Slope (fUft) = 0.180
Average Velocity, V (fsec, fig 3-1) = 6.75
Tt (hr) = - ]-; =
Tt (min) = -
Channel Flow
Cross Sectional Flow Area, a (f2) = 375
Wetted Perimiter, p, (ft) = 25.6 V
Hydraulic Radius, r = alp, (ft) = 1.46
Channel Slope, s (ft/ft) = 0.01
Manning's n = 0.035
V (ft/sec) = 5.49 T
Flow Length, L (ft) = 1423
Tt(hr) = 0.072
Tt (min) = 4.3
Watershed or subarea T¢ = 0.072
Lag time (hr) = 0.043
Lag time (min) = 2.59

Note: Figure 3-1 and table 3-1 are on sheet 2
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North Diversion Channel - NE Reach

Project Description

Friction Method
Solve For

Input Data

Roughness Coefficient
Channel Slope
Normal Depth

Left Side Slope

Right Side Siope
Bottom Width

Resuits

Discharge

Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

3/10/2008 11:56:04 AM

Manning Formula
Discharge

0.150
0.01000 fyg
250 f

4.00  fuft (H:v)
400  fURt (H:v)
500 f

47.89 ft¥/s
37.50 ft?
2562 ft
25.00
1.07
0.37354 fuit
128 fis
0.03
253
0.18
Subcritical

0.00
0.00

0.00

000 #
Infinity /s
Infinity /s

250

1.07

0.01000 fyf
0.37354 st

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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Chapeee 3

Time of Cancentration and Teavel Thne

Technteal Rofaas b
Utban Nydroleg for Small Watershisls

Sheot [Tow

Sheet fow (s low over plaws surtaces, I Lsuzally
oceurs in the hieadwater of streams. With sler, fliywe,
the friction value Mahning's iy is aieffoctive rosagh-
ness coefficiont that includes die effect o rafivirop
impact; drag over thin plane suefave; obstackes such as
litter, crop ridges, and eocks: aind 2rosion avd oans-
portation of sediment. These it values ave top ey
ahallow Now depths of aboue 6.1 tize arso. Table 3-1
gives Manning's i values for alear fiow for varimis
surface conditions.

Table 3-1 Roughivrsy coe i i ¢ Memmrineg's 1) fiw
——— sheet How
Surface description n

Smaoth surfares (conenite, espshiadi,

gravel or bave swil L . Gl
Fallow (ne residune e et e o s o et e oo arm LLXE
Cultivated soils:

Resildue vowr s2am, | et e e e el

Residue vovor 5200 _ O aly
CGrosy:

Short grass praivie ..o Lo8 It

Liowse grasses 2 ... =S N, v (L3258

Bemmdagrass ... __ % e e e adl
Range (nacurady.............. .. The s S e vy G
Wandsx

Light undevtvuste ... P LX)

Dense uidorbrust e e et e e G

The nvalues are a cotups e of ifcmatog st by Byginan

C1OR3),

Inchndes spwctes ich a woeplng lovenrass bhisgyiws, Calt. .
sy, Flue gramia geuss, and nate: s aitnrey

When selocting n L eonstdes evamt 0 4 bttt o ateat (01 A This

i the andy gart of the plant coea that sl i dend low

n

©

For sheet flow of less tan 300 foet, use Mannings
kinematic solution (Overtop and Meadows LU74] Lo
vompute T,:

pLLR ]
_ 0.07inLl

T' - R . 3-1)
“,2-’- Fgtd [ra |
wiere;
T, = wavel tinie (hr).
I = Manning’s roughness coefficione crable 3-15

L = flow lengil ifc)

= 2year. 24-fiour cainfall (in)

slope of hydraulic grade line
(land glope, f1/1)

L3N
L]

This simplified form of the Manning's kinentatic solu-
tinh is based on the following: ¢ 1) shallow steady
uniform flow, (2 constant Intengity of raintall excoss
ithat part of a rin available for runokf}, ¢3) rainfall
iration of 24 houes, and (4) minar effoct of infiltra-
ton on travel time. Rainfall depth can bie oblained
trom appendix B.

Shallow concenteated (o

After a maximunt of 300 leet, shecl fow usually bo-
cotes shallow concentraled flow. The ave tage velor-
ity for this flow can be determiner) from tigin: 3-1 . in
whicl average velovity is a function of WAL DL S
slope and e of channel. For al npos leas than G.aas
tUIn wse equations given in appendix F' (or tigure 21,
Tillage can affect the direction of shallow colcen.
rated flow. Flow may not always be directly down the
watershed slope if tllage rng across the slope.

After determining average velocity in tigure 3-1, nsn
equation 3-1 to estimate travel tine for twe shallow
cohwentrated flow segment.,

Ooen chamnels



