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1.0 INTRODUCTION AND PROJECT SUMMARY

On behalf of Wisconsin Power and Light (WPL), SCS Engineers (SCS) has prepared this
Run-on and Run-off Control Plan for the 1-43 Ash Disposal Facility (ADF) in accordance
with 40 CFR 257.81(c) as follows.

40 CFR 257.81(c)(1). ““The owner or operator must prepare initial and periodic run-on and
run-off control system plans for the CCR unit according to the timeframes specified in
paragraphs (c)(3) and (4) of this section. These plans must document how the run-on and
run-off control systems have been designed and constructed to meet the applicable requirement
of this section. Each plan must be supported by appropriate engineering calculations. The
owner or operator has completed the initial run-on and run-off control system plan when the
plan has been placed in the facility’s operating record as required by section 257.105(g)(3).”

The 1-43 facility includes a closed coal combustion residue (CCR) landfill, which consists of
disposal Phase 1 and Phase 2, and an active CCR landfill. The active CCR landfill currently
consists of three existing CCR units in disposal Phase 3 and Phase 4. The two landfills are
located on the same property, but are not contiguous. The U. S. Environmental Protection
Agency (USEPA) CCR rule does not apply to Phase 1 and Phase 2, because they were closed
before the effective date of the CCR rule.

The active CCR landfill at 1-43 is comprised of three existing CCR units, which are the subject
of this Run-on and Run-off Control Plan. These CCR units are listed below.

e Phase 3, Module 1
e Phase 3, Module 2
e Phase 4, Module 1

Two future CCR units (Phase 4 Module 2 and Phase 4 Module 3) are permitted with the
Wisconsin Department of Natural Resources (WDNR), but have not been developed. When
developed, the units will be new CCR landfills, as defined at 40 CFR 257.53.

Refer to Figure 1 for site location. Figure 2 shows the run-on and run-off drainage areas.

2.0 RUN-ON AND RUN-OFF CONTROL

40 CFR 257.81(a). “The owner or operator of an existing or new CCR landfill or any lateral
expansion of a CCR landfill must design, construct, operate, and maintain:

(1) A run-on control system to prevent flow onto the active portion of the CCR unit during
the peak discharge from a 24-hour, 25-year storm.”

The entire facility has run-on and run-off control in place as approved by WDNR. Run-on is
controlled by berms and swales around the perimeter of the landfill that divert storm water away
from the landfill and to the detention basin on the north end of the property.

Edgewater |-43 Ash Disposal Facility 1 Run-On and Run-Off Control Plan
Town of Wilson, Wisconsin September 2016



Wisconsin Power and Light Company [ SCS ENGINEERS |

(2) ““A run-off control system from the active portion of the CCR unit to collect and control
at least the water volume resulting from a 24-hour, 25-year storm.”

Run-off from the active portions of the existing CCR units at the facility is handled as contact
water and is collected by a leachate collection system or internal swales, which route the contact
water to a composite-lined contact water basin. The contact water in the basin is used for ash
conditioning, and other applications within the CCR units. If needed, excess water in the
contact water basin is pumped into a tanker truck and taken to a local waste water treatment
facility for disposal. Per 257.81(b), this is consistent with the surface water requirements

under 40 CFR 257.3-3.

Run-off from areas of the existing CCR units where final cover is in place (which prevents
contact with CCR) is diverted into the perimeter drainage swales, which drain to the on-site
detention/sedimentation basin. Intermediate swales/berms, downslope flumes, and energy
dissipaters on the final cover help minimize erosion of the final cover. These features divert
water to the perimeter drainage system, and ultimately to the on-site detention/sedimentation
basin. Per 257.81(b), this is consistent with the surface water requirements

under 40 CFR 257.3-3.

2.1 DESIGN CRITERIA

The storm water features described above are designed to handle run-on and run-off from

a 25-year, 24-hour storm event as required by 40 CFR 257.81(a)(1) and (2). Storm water run-off
calculations were updated in 2015. The calculations were performed assuming a 25-year,
24-hour precipitation depth of 4.79 inches, based on NOAA Atlas 14 precipitation data
published in April 2013. The storm water run-on calculations were performed in 2008. The
calculations were performed assuming a 25-year, 24-hour precipitation depth of 4.4 inches,
based on Technical Paper-40 (TP-40) precipitation data published in May 1961. The off-site
detention basin and on-site detention/sedimentation basin outlet structures are designed to safely
pass run-off from a 100-year, 24-hour storm event.

2.2 DESIGN WITH CALCULATIONS

Storm water management design calculations (as described above) from the WDNR approved
Plan of Operation (2008) and Plan of Operation Modification (2015) for Phase 3 and Phase 4 at
the 1-43 ADF are contained in Appendix A. As described in Section 2.1, the calculations from
the 2008 Plan of Operation describe the storm water management design and provide
calculations showing that the run-on control system will prevent flow onto the active portion of
the CCR units during the peak discharge from a 25-year, 24-hour storm. The calculations from
the 2015 Plan of Operation Modification describe the storm water management design and
provide calculations showing that the run-off control system for the active portions of the CCR
units will collect and control the water volume resulting from a 25-year, 24-hour storm. The
calculations were performed by or overseen by a professional engineer licensed in the State of
Wisconsin.

Edgewater |-43 Ash Disposal Facility 2 Run-On and Run-Off Control Plan
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2.3 CONSTRUCTION

Existing storm water management features were constructed to site specifications with
construction oversight directed by a professional engineer licensed in the State of Wisconsin.
Construction documentation reports for the storm water management features were prepared,
submitted to the WDNR, and approved by the WDNR.

3.0 CERTIFICATIONS

40 CER 257.81(c)(5). “The owner or operator must obtain a certification from a qualified
professional engineer stating that the initial and periodic run-on and run-off control system
plans meet the requirements of this section.”

Eric Nelson, PE, a licensed profession engineer in the State of Wisconsin, has overseen the
preparation of this Run-on and Run-off Control Plan. A certification statement is provided on
page iii of this plan.

4.0 RECORDKEEPING AND PERIOD UPDATES

40 CFR 257.81(d). ““The owner or operator of the CCR unit must comply with the
recordkeeping requirements specified in section 257.105(g), the notification requirements
specified in section 257.106(g), and the internet requirements specified in section 257.107(g).”

This Run-On and Run-Off Control Plan, and all periodic plans, will be placed in facility’s
operating record and on Alliant Energy’s CCR Rule Compliance Data and Information website,
as will all amendments. Periodic plans will be completed every 5 years per 40 CFR 257.81(c)(4).

Notification will be provided when this Run-On and Run-Off Control Plan, and all periodic
plans, are available in the facility’s operating record and on the facility’s website
per 40 CFR 257.105(g), 257.106(g), and 257.107(Q).

Edgewater |-43 Ash Disposal Facility 3 Run-On and Run-Off Control Plan
Town of Wilson, Wisconsin September 2016
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Drainage Design Calculations
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Stormwater Control Design Calculations



Appendix G
Surface Water Management Calculations

Purpose:
The purpose of the surface water runoff calculations is to demonstrate the following:

e The proposed Phase 3 and 4 landfill expansion surface water management system design
meets the requirements of NR 504.09 Wis. Admin. Code.

¢ That the stormwater design features installed in 1984, (i.e.. the detention/sedimentation
basin, detention basin, outlet structures, and swales) are adequate for current regulations.

Existing Features:

There are two stormwater outlets for the site. These outlets are; 1) an 36-inch diameter culvert under the
railroad tracks to the west of the site and 2) an 24-inch diameter culvert under the railroad tracks. The
culverts are shown on Figure G1.

The detention/sedimentation basin, detention basin, run-on diversion swale, perimeter swales around
Phases | and 2, and culverts were installed in 1984. Currently, runoff from the areas of Phase 1 and 2 of
the landfill that are at final grades is directed to the detention/sedimentation basin for treatment and runoff
from the active portion of Phase 1 and 2 is directed to the interior Southern Ash Contact Holding Basin
for use as dust control water. When Phase 1 and 2 are complete, runoff will be directed to the
detention/sedimentation basin. Stormwater from off-site of the landfill to the east is directed via the run-
on diversion swale to the detention basin for treatment.

The detention/sedimentation basin discharges through a 24-inch riser outlet structure to the 36-inch
diameter culvert under the railroad tracks to the west. The detention basin discharges through an 18-inch
riser outlet structure to the 24-inch diameter culvert under the railroad tracks.

Methodologies:

Design of Stormwater Management Features:

To design the storm water management features, runoff hydrographs for the 25-year, 24-hour and 100-
year, 24-hour storm event were developed. Hydrographs were developed using the TR-55 method
contained within the Pond Pack® computer model developed by Bentley Systems, Inc. The TR-55
method for computing hydrographs is based on the methodologies presented in the Urban Hydrology for
Small Watersheds manual developed by the Natural Resources Conservation Service (NRCS). The TR-
55 model is designed to simulate the surface response of a watershed to a precipitation event. Input
parameters for the model include precipitation depth for a given storm event, contributing drainage areas
runoff curve numbers, time of concentration, and travel time. The TR-55 model develops a runoff
hydrograph for the watershed.

The following assumptions were used in the TR-55 model:
* The rainfall depths used were: 4.4 in for the 25-yr storm event and 5.1 in for the 100-yr event.
* A runoff curve number (CN) of 80 was used. This CN is for pasture in good condition (>75%
ground cover) and a hydrologic soil group D.
* Sheet flow was assumed for the top of the landfill across the final grades.
¢ For flow in the perimeter swales, a mannings n value of 0.035 was used.



The hydrograph developed by TR-55 was routed through the existing detention/sedimentation basin and
outlet using the Pond Pack™ model to determine the outflow from the basin.

The sediment removal properties for the basins were evaluated using the P8 Urban Catchment Model.
Wis. Admin. Code NR 504.09 requires sediment control measures be designed to settle 0.015 mm (15
micron) particle. Settling of the 15-micron particle corresponds to a trapping efficiency of 49%.

The design of the swales and culverts surrounding the landfill was evaluated using a channel and culvert
calculator included in AutoCAD 2008. The channel calculator uses Manning’s Equation to determine the
maximum flow that a channel can carry given the geometry of the channel.

RESULTS:

The proposed surface water management system design meets the requirements of s. NR 504.09, Wis.
Admin. Code. Further details are provided below.

Runoft Calculations

Runoff from Phases 1 and 2 of the landfill flows to the perimeter swales around the landfill and is
directed fo the sedimentation/detention basin.

Phase 3 & 4 of the landfill can be divided into 3 watersheds. The watersheds are shown on Figure G1. A
southwest watershed that drains to the south and west perimeter swale of the landfill, a northeast
watershed that drains to the north and northeast perimeter swale of the landfill, and a third watershed is
located in the northern portion of the landfill and drains directly into the sedimentation/detention basin.
This third watershed is small, approximately 2 acres, and considered insignificant and no runoff is
calculated for this watershed.

Drainage Area Runoff Curve Time of Concentration
Area (acres) Number (hr) 25-yr Storm Peak Runoff
Phases 1&2 53.1 80 0.61 107.2 cfs
Ph 3&4 Southwest 32.0 80 0.78 55.4 cfs
PH 3&4 Northeast 13.3 80 0.51 30.7 cfs

Sedimentation / Detention Basin

All of these runoff from these watersheds is directed to the sedimentation / detention basin by the
perimeter swales. The outlet structure of this basin is a 24-inch diameter riser outlet structure with a 25
foot wide emergency spillway located at elevation 685.0 ft with a top of berm elevation of 686.0 ft.

The flow through the sedimentation / detention basin was simulated using the Pond Pack® computer
model. The peak inflow into the basin was 188.9 cfs for the 25-yr storm event. The peak outflow for the
25-yr storm event through the outlet structure was 37.3 cfs with a peak water elevation of 685.37. The
100-yr storm event was also modeled to ensure the emergency spillway was adequate, the peak elevation
in the detention basin for the 100-yr storm was 685.79 ft.

Due to the water elevation during the 25-yr storm event (685.41) being above the elevation of the
emergency spillway (685.0), a new outlet of the sedimentation/detention basin was designed. The new
outlet design is shown on the detail drawings and consists of a 36-inch diameter CMP culvert with a 36-
inch diameter CMP riser. This new outlet structure will need to be installed when the base grades for



Phase 4, Module 2 of the landfill is prepared. At the current rate of ash disposal, the outlet will not need
to be replaced for approximately 10 years after disposal begins in Phase 3, Module 1.

The runoff for the site when Phase 3 Modules 1 and 2 and Phase 4 Module 1 are at final grades and
contribute to the runoff going to the detention / sedimentation basin was also calculated to ensure the
runoff from the 25-year storm event is contained within the basin using the existing outlet structure. The
maximum water level obtained within the basin during the 25-yr storm event is 684.98 with a peak
outflow of 19.8 cfs. The peak water level obtained during the 100-year storm event is 685.43 with a peak
outflow of 41.6 cfs.

the proposed outlet structure for the detention / sedimentation basin was also modeled to ensure the 25-
year storm event runoff from the entire Phase 3 and 4 can be contained within the basin. The maximum
water level obtained within the basin during the 25-yr storm event is 684.99 with a peak outflow of 38.1
cfs. The peak water level obtained during the 100-year storm event is 685.45 with a peak outflow of 73.1
cfs. The basin will also take longer than 3 day to completely drain.

Detention Basin

Stormwater run-on is directed to the detention basin by the run-on diversion swale. The off-site area that
contributes to run-on is approximately 91 acres. The outlet structure of the detention basin is an 18-inch
diameter riser outlet structure with a 25-ft wide emergency spillway at elevation 691.0 and a top of berm
elevation of 693.0 ft. The flow through the detention basin was simulated using the Pond Pack” computer
model. The peak outflow for the 25-yr storm is 8.8 cfs with a peak elevation of 688.4 ft. The peak
outflow for the 100-yr storm 1s 12.2 cfs with a peak elevation of 689.3 ft. The basin will also take longer
than 3 day to completely drain.

Sediment Removal

The sediment removal properties for the basins were evaluated using the P8 Urban Catchment Model.
Wis. Admin. Code NR 504.09 requires sediment control measures be designed to settle 0.015 mm (15
micron) particle. Settling of the 15-micron particle corresponds to a trapping efficiency of 49%.

The P8 model showed the sedimentation / detention basin will capture 69.9% of the total suspended solids
(TSS) and the detention basin will capture 74.2% of the TSS.

Perimeter Swale Sizing

The design of the perimeter swales surrounding the landfill was evaluated using a channel calculator
included in AutoCAD 2008. The channel calculator uses Manning’s Equation to determine the maximum
flow that a channel can carry given the geometry of the channel.

The channel calculator shows the swales can carry the 25-yr storm event with a minimum of 0.5 feet of
freeboard.

There will be a culvert installed in the swale to provide access to the leachate pumpout riser. The culvert
calculator shows that two 24-inch diameter corrugated metal pipes (CMP) culverts can carry the desi en
flow.



Intermediate Diversion Swales

The Universal Soil Loss Equation (USLE) was used to determine if intermediate diversion berms were
required on the final grades to prevent erosion. The equation showed that no berms were required.

KRG/krg/TR
113391\ Caleulations\Stormwater'Summary.doc



Runoff Calculation

Phase 1 & 2



Type.... Tc Calcs Page 1.02
Name.... PHASE 1+2

File.... I:\3391\Calculations\Stormwater\Final Grades.ppw

RUNOFF CURVE NUMBER DATA

Impervious
Area Adjustment Adjusted
Soil/Surface Description CN acres iC suC CN
Phases 1&2 84 53.100 84.00
COMPOSITE AREA & WEIGHTED CN ---> 53.100 84.00 (B4)
S/N: BAYXYWHMX89F Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) §:04 AM 11/5/2007
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TIME OF CONCENTRATION CALCULATOR
Segment #1: Tc: TR-55 Sheet
Mannings n L2400
Hydraulic Length 170.00 ft
2yr, 24hr P 2.5000 in
Slope .040000 ft/ftc
Avg.Velocity .15 ft/sec
Segment #1 Time: .3118 hrs
Segment #2: Tc: TR-55 Sheet
Mannings n .2400
Hydraulic Length 50.00 ft
2yr, 24hr P 2.5000 in
Slope .130000 ft/ft
Avg.Velocity .19 ft/sec
Segment #2 Time: .0731 hrs
Segment #3: Tc: TR-55 Channel
Flow Area 13.5000 sq.ft
Wetted Perimeter 16.30 ft
Hydraulic Radius .83 ft
Slope .012000 ft/ft
Mannings n .0350
Hydraulic Length 3350.00 ft
Avg.Velocity 4.11 ft/sec
Segment #3 Time: .2263 hrs
Total Tc: .6111 hrs
S/N: B4YXYWHMX89F Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 9:04 AM 11/5/2007



Type....

File....

Runoff CHN-Area
PHASE 1+2

Page 2.01

I:\3391\Calculations\Stormwater\Final Grades.ppw

5C5 UNIT HYDROGRAPH METHOD

STORM EVENT: 25 year storm

Duration
Rain Dir

Rain File -ID
Unit Hyd Type

HYG Dir

24.0000 hrs Rain Depth = 4.4000 in
I:\3391\Calculations\Stormwater\

- Typell 24hr

Default Curvilinear
I:\3391\Calculations\Stormwater\

]

HYG File - ID = work pad.hyg - PHASE 1+2 Dev 25

Tc

Drainage Area = 53.100 acres

= .6111 hrs
Runoff CN= B84

Computational Time Increment = .08148 hrs
Computed Peak Time = 12.2224 hrs
Computed Peak Flow = 108.07 cfs
Time Increment for HYG File = .0500 hrs
Peak Time, Interpolated Output = 12.2500 hrs
Peak Flow, Interpolated Output = 107.19 cfs
DRAINAGE AREA
ID:PHASE 142
CN = 84
Area = 53.100 acres
5 = 1.9048 in
0.28 = .3810 in
Cumulative Runoff
2.7267 in
12.066 ac-ft
HYG Volume,.. 12.065 ac-ft (area under HYG curve)

*¥*&%*% SCS UNIT HYDROGRAFH PARAMETERS **#***

Time Concentration, Tc
Computational Incr, Tm

Unit Hyd. Shape Factor =
K = 483.43/645.333, K

]

.61112 hrs (ID: PHASE 1+2)
.08148 hrs = 0.20000 Tp

Il

483.432 (37.46% under rising limb)
.7491 (also, K = 2/(1+(Tx/Tp))

Bentley PondPack

Receding/Rising, Tr/Tp = 1.6698 (solved from K = .7491)
Unit peak, aqp = 98.45 cfs
Unit peak time Tp = .40741 hrs
Unit receding limb, Tr = 1.62966 hrs
Total unit time, Tb = 2.03707 hrs
B4YXYWHMXBOF Bentley Systems, Inc.

(10.00.022.00)

9:04 AM

11/5/2007



Unit Hyd.
PHASE 1+2

Type. ... Summary
Name. ...

File....

Tag: Dev 25

I:\3391\Calculations\Stormwater\Final Grades.ppw

Page 3.01

Event: 25 yr

S5CS UNIT HYDROGRAFH METHOD
STORM EVENT:
Duration
Rain Dir =
Rain File -1ID
Unit Hyd Type
HYG Dir

HYG File - ID =
Te =
Drainage Area =

100 year storm
= 24.0000 hrs

- Typell 24hr
Default Curvilinear

I

.6111 hrs
53.100 acres

Time Increment =
Time = 12.2224
Flow =

Computational
Computed Peak
Computed Peak

L0500
12.2500
13189

Time Increment for HYG File =
Peak Time, Interpolated Qutput
Peak Flow, Interpolated Output =

Rain Depth
I:\3391\Calculations\Stormwater\

Runoff CN= 84

hrs
hrs
cfs

DRAINAGE AREA
ID: PHASE 1+2
CN = B4
Area = 53.100 acres
S 1.9048 in
0.25 = .3810 in

1l

Cumulative Runoff

3.3620 in
14.877 ac-ft

HYG Volume. .. 14.876 ac-ft
k*xkk% SCS UNIT HYDROGRAPH

Tc
Tm =

[

Time Concentration, .61112 hrs

Computational Incr,

483.432
.7491
1.6698

Unit Hyd. Shape Factor =
K = 483.43/645.333, K
Receding/Rising, Tr/Tp =

{also,

98.45 cfs
.40741 hrs
1.62966 hrs
2.03707 hrs

Unit peak,

Unit peak time
Unit receding limb,
Total unit time,

ap =
Tp
Tr
Thb

PARARMETERS #***#*

K =

(solved from K =

5.1000 in

= I:\3391\Calculations\Stormwater)\
work pad.hyg - PHASE 1+2 Dev100

(area under HYG curve)

(ID: PHASE 1+2)
.08148 hrs = 0.20000 Tp

{37.46% under rising limb)

2/ (1+(Tx/Tp))
.7491)

S/N:
Bentley PondPack

BAYXYWHMXE9F

(10.00.022.00) 9:04 AM

Bentley Systems, Inc.

11/5/2007



Runoff Calculation

Phase 3 & 4 Northeast Drainage Area
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RUNOFF CURVE NUMBER DATA
Impervious
Area Adjustment Adjusted
Soil/Surface Description CN acres %C zuC CN
Northeast 84 13.300 84.00
COMPOSITE ARER & WEIGHTED CN ---> 13.300 84.00 (84)
S/N: B4YXYWHMXB9F
Bentley PondPack (10.00.022.00) 10:44 AM

I

Bentley Systems, Inc.

11/27/2007



Table of Contents i

Table of Contents

Segment #1: Tc: TR-55 Sheet

Mannings n L2400
Hydraulic Length 160.00 ft
2yr, 24hr P 2.5000 in
Slope .030000 ft/ft
Avg.Velocity .13 ft/sec
Segment #1 Time: .3332 hrs
Segment #2: Tc: TR-55 Sheet
Mannings n .2400
Hydraulic Length 30.00 ft
2yr, 24hr P 2.5000 in
Slope .250000 ft/ft
Avg.Velocity .22 ft/sec
Segment #2 Time: .0374 hrs
Segment #3: Tc: TR-55 Channel
Flow Area 5.9000 sq.ft
Wetted Perimeter 13.60 ft
Hydraulic Radius .43 ft
Slope .025000 ft/ft
Mannings n .0350
Hydraulic Length 730.00 ft
Avg.Velocity 3.86 ft/sec
Segment #3 Time: .0526 hrs
S/N: BAYXYWHMXB9F Bentley Systems, Inc.

Bentley PondPack (10.00.022.00) 9:06 AM 11/5/2007

iz



Type.... Tc Calcs
Name.... PHASE 3+4 HNE
File....

I:\339%1\Calculations\Stormwater\Final Grades.ppw

Page 1.01

Segment #4: Tc:

Flow Area

Wetted Perimeter
Hydraulic Radius
Slope

Mannings n
Hydraulic Length

Avg.Velocity

TR~-55 Channel

5.9000
13.60
.43
.010000
L0350
580.00

sq.ft
ft
ft
ft/ft

ft

ft/sec

Segment #4 Time: .0660 hrs
Segment #5: Tc: TR-55 Channel
Flow Area 13.5000 sq.ft
Wetted Perimeter 16.30 ft
Hydraulic Radius B3
Slope .025000 ft/ft
Mannings n .0350
Hydraulic Length 350.00 ft
Avg.Velocity 5.94 ft/sec

Segment #5 Time: .0164 hrs

Total Tc: .5056 hrs

S/N: BAYXYWHMXB9F Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 9:06 AM 11/5/2007

13



Type.... Runoff CN-Area Page 1.01
Name.... PHASE 3+4 HNE

File.... I:\3391\Calculations\Stormwater\Final Grades.ppw

SCS UNIT HYDROGRAPH METHOD

STORM EVENT: 25 year storm

Duration = 24.0000 hrs Rain Depth = 4.4000 in
Rain Dir = I:\3391\Calculations\Stormwater)

Rain File -ID = - Typell 24hr

Unit Hyd Type = Default Curvilinear

HYG Dir = I:\3391\Calculations\Stormwater\

HYG File - ID = work pad.hyg - PHASE 3+4 NE Dev 25

Tc = .5056 hrs

Drainage Area = 13.300 acres Runoff CN= 84

Computational Time Increment = .06741 hrs
Computed Peak Time = 12.2021 hrs
Computed Peak Flow = 30.71 cfs
Time Increment for HYG File = .0500 hrs
Peak Time, Interpolated Output = 12.2000 hrs
Peak Flow, Interpolated Qutput = 30.69 cfs
DRATNAGE AREA
ID:PHASE 3+4 NE
CN = 84
Area = 13.300 acres
S = 1.9048 in
0.25 = .3810 in
Cumulative Runoff
2.7267 in
3.022 ac-ft
HYG Volume... 3.022 ac-ft (area under HYG curve)

*¥k**%* SCS UNIT HYDROGRAPH PARAMETERS *****

Time Concentration, Tc = .50561 hrs (ID: PHASE 3+4 NE)
Computational Incr, Tm .06741 hrs = 0.20000 Tp

Unit Hyd. Shape Factor 483.432 (37.46% under rising limb)

K = 483.43/645.333, K = .7491 (also, K = 2/(1+(Tc/Tp))

Receding/Rising, Tr/Tp = 1.6698 (solved from K = .7491)

Unit peak, gp = 29.80 cfs

Unit peak time Tp = .33707 hrs

Unit receding limb, Tr = 1.34829 hrs

Total unit time, Th = 1.68537 hrs
S5/N: BAYXYWHMXB89F Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 10:44 RM 11/27/2007

|4



Type.... Unit Hyd. Summary Page 2.01
Name.... PHASE 3+4 NE Tag: Dewv 25 Event: 25 yr
File.... I:\3391\Calculations\Stormwater\Final Grades.ppw

5CS UNIT HYDROGRAPH METHOD

STORM EVENT: 100 year storm

Duration = 24.0000 hrs Rain Depth = 5.1000 in
Rain Dir = I:\339%1\Calculations\Stormwater\
Rain File -ID = - TypelIl 24hr

Unit Hyd Type Default Curvilinear

HYG Dir = I:\33%1\Calculations\Stormwater\
HYG File - ID = work pad.hyg - PHASE 3+4 NE Dev100
Tc = ,5056 hrs

Drainage Area 13.300 acres Runoff CN= 84

.06741 hrs

Computational Time Increment -
Computed Peak Time = 12.2021 hrs
Computed Peak Flow = 37792 «cfs
Time Increment for HYG File = .0500 hrs
Peak Time, Interpolated Output = 12.2000 hrs
Peak Flow, Interpolated Output = 37.70 cfs
DRATNAGE AREA
ID: PHASE 3+4 NE
CN = 84
Area = 13.300 acres
5 = 1.9048 in
0.25 = .3810 in
Cumulative Runoff
3.3620 in
3.726 ac-ft
HYG Volume. .. 3.726 ac-ft (area under HYG curve)

*¥%*k* SC5 UNIT HYDROGRAPH PARAMETERS ***++*

Time Concentration, Tc = .50561 hrs (ID: PHASE 3+4 NE)
Computational Incr, Tm = .06741 hrs = 0.20000 Tp

Unit Hyd. Shape Factor = 483.432 (37.46% under rising limb)
K = 4B3.43/645.333, K = -7491 (also, K = 2/(1+(Tx/Tp))
Receding/Rising, Tr/Tp = 1.6698 (solved from K = .7491)
Unit peak, qp = 29.80 cfs

Unit peak time Tp = .33707 hrs

Unit receding limb, Tr 1.34829 hrs
Total unit time, Tb = 1.68537 hrs

S/N: BA4YXYWHMX89F Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 10:44 AM 11/27/2007



Runoff Calculation

Phase 3 & 4 Southwest Drainage Area

16



Type.... Tc Calcs Page 1.03
Name..., PHASE 3+4 5W

File.... I:\3391\Calculations\Stormwater\Final Grades.ppw

RUNOFF CURVE NUMBER DATA

Impervious
Area Adjustment Adjusted
Scil/Surface Description CN acres %C g0C CN
Southwest Area 84 32.000 84.00
COMPOSITE AREA & WEIGHTED CN ---> 32.000 84.00 (84)
S/N: BAYXYWHMXBSF Bentley Systems, Ilnc.
Bentley PondPack (10.00.022.00) 9:07 AM 11/5/2007

17



Table of Contents i

Table of Contents

Segment #1: Tc: TR-55 Sheet

Mannings n .2400
Hydraulic Length 130.00 ft
2yr, 24hr P 2.5000 in
Slope .030000 ft/ft
Avg.Velocity .13 ft/sec
Segment #1 Time: .2B822 hrs
Segment #2: Tc: TR-55 Sheet
Mannings n L2400
Hydraulic Length 30.00 ft
2yr, 24hr P 2.5000 in
Slope .250000 ft/ft
Avg.Velocity .22 ft/sec
Segment #2 Time: .0374 hrs
Segment #3: Tc: TR-55 Channel
Flow Area 5.9000 sq.ft
Wetted Perimeter 13.60 ft
Hydraulic Radius .43 ft
Slope .015000 ft/ft
Mannings n L0350
Hydraulic Length 940.00 ft
Avg.Velocity 2.99 ft/sec
Segment #3 Time: .0874 hrs
5/N: BAYXYWHMXB9F Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 9:07 AM 11/5/2007

§e



Type.... TE Calcs Page 1.01
Name.... PHASE 3+4 SwW
File.... I:\3391\Calculations\Stormwater\Final Grades.ppw
Segment #4: Tc: TR-55 Channel
Flow Area 5.9000 sqg.ft
Wetted Perimeter 13.60 ft
Hydraulic Radius A3 £t
Slope .014000 ft/ft
Mannings n .0350
Hydraulic Length 1300.00 ft
Avg.Velocity 2.89 ft/sec
Segment #4 Time: 1251 hrg
Segment #5: Tc: TR-55 Channel
Flow Area 13.5000 sq.ft
Wetted Perimeter 16.30 ft
Hydraulic Radius .83 ft
Slope .003300 ft/ft
Mannings n L0350
Hydraulic Length 1900.00 ft
Avg.Velocity 2.16 ft/sec
Segment #5 Time: .2447 hrs
Total Tc: 7768 hrs
S/N: BAYXYWHMXBOF Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 9:07 AM 11/5/2007

19



Type.... Runoff CN-Area Page 2.01
Name.... PHASE 3+4 SW

File.... I:\3391\Calculations\Stormwater\Final Grades.ppw

SC8 UNIT HYDROGRAPH METHOD

STORM EVENT: 25 year storm

Duration = 24.0000 hrs Rain Depth = 4.4000 in
Rain Dir T:\33%21\Calculations\Stormwater\

Rain File -1ID - Typell 24hr

Unit Hyd Type Default Curvilinear

]

HYG Dir = I:\3391\Calculations\Stormwater\
HYG File - ID = work_pad.hyg - PHASE 3+4 SW Dev 25
T = .7768 hrs

Drainage Area = 32.000 acres Runoff CN= 84

Computational Time Increment = .10358 hrs
Computed Peak Time = 12.3255 hrs
Computed Peak Flow = 55.83 cfs
Time Increment for HYG File - .0500 hrs
Peak Time, Interpolated Output = 12.3500 hrs
Peak Flow, Interpolated Output = 55.41 cfs

ID:PHASE 3+4 SW

CN = 84

Area = 32.000 acres
S = 1.9048 in

0.28 = .3810 in

Cumulative Runoff

2.7267 in
7.271 ac-ft

HYG Volume... 7.269 ac-ft (area under HYG curve)

*#**** SCS UNIT HYDROGRAPH PARAMETERS ***#*%*

]

Time Concentration, Tc .77682 hrs (ID: PHASE 3+4 SW)
Computational Incr, Tm = -10358 hrs = 0.20000 Tp

]

Unit Hyd. Shape Factor
K = 483.43/645.333, K

483.432 (37.46% under rising limb)
-7491 (also, K = 2/(1+(Tc/Tp))}

]

Receding/Rising, Tr/Tp = 1.6698 (solved from K = .7491)

Unit peak, qp = 46.67 cfs

Unit peak time Tp = .51788 hrs

Unit receding limb, Tr = 2.07151 hrs

Total unit time, Tb = 2.58939 hrs
S/N: B4YXYWHMXB9F Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 9:07 AaM 11/5/2007

20O



Type.... ‘Unit Hyd. Summary
Name.... PHASE 3+4 SW Tag: Dev 25

File.... I:\3391\Calculations\Stormwater\Final Grades.ppw

Page 3.01
Event: 25 yr

SC5 UNIT HYDROGRAPH METHOD

STORM EVENT: 100 year storm

Duration = 24.0000 hrs Rain Depth = 5.1000 in
Rain Dir = I:\339%21\Calculations\Stormwater)

Rain File -ID = - Typell 24hr

Unit Hyd Type = Default Curvilinear

HYG Dir = I:\3391\Calculations\Stormwater\

HYG File - ID = work pad.hyg - PHASE 3+4 SW Devl00

Tc = .7768 hrs
Drainage Area = 32.000 acres Runoff CN= 8

Computational Time Increment = .10358
Computed Peak Time = 12.3255
Computed Peak Flow = 68.81
Time Increment for HYG File = . 0500
Peak Time, Interpolated Output = 12.3500
Peak Flow, Interpolated Qutput = 68.24

g

hrs
hrs
cfs

ID:PHASE 3+4 SW

CN = 84

Area = 32.000 acres
3 = 1.98048 in

0.28 = .3810 in

Cumulative Runoff

3.3620 in
8.965 ac-ft

HYG Volume. .. 8.963 ac-ft (area under HYG curve)

k*¥k*k* SCS UNIT HYDROGRAPH PARAMETERS *****

Time Concentration, Tc = .77682 hrs (ID: PHASE 3+4 SW)
Computational Incr, Tm = .10358 hrs = 0.20000 Tp

Unit Hyd. Shape Factor = 483.432 (37.46% under rising limb)
K = 483.43/645.333, K = .7491 (also, K = 2/(1+(Tx/Tp))
Receding/Rising, Tr/Tp = 1.6698 (solved from K = .7491)
Unit peak, gp = 46.67 cfs

Unit peak time Tp = .51788 hrs

Unit receding limb, Tr = 2.07151 hrs

Total unit time, Th = 2.58939 hrs

S/N: BAYXYWHMXBOF
Bentley PondPack (10.00.022.00) 9:07 AM

Z\

Bentley Systems, Inc.
11/5/2007



Detention / Sedimentation Basin Routing
Existing Outlet Structure

2.2



Type.... Vol: Elev-Area Page 1.01
Name.... DET / SED

File.... I:

\3391\Calculations\Stormwater\Final Grades.ppw

Elevation
(ft)

Planimeter Area Al+A2+sqr (R1*A2) Volume Volume Sum
(sq.in) (acres) (acres) {ac-ft) (ac-£ft)
————— 2.7500 0000 000 000
————— 2.8800 8.4442 1820 1.520
————— 3.2100 9.1305 6.087 7.607
----- 4.0000 10.7933 7.196 14.802

POND VOLUME EQUATIONS

* Incremental volume computed by the Conic Method for Reservoir Volumes.

Volume

where:

= (1/3) * (EL2-ELl) * (Areal + AreaZ + sq.rt.(Areal*Area2))

ELl, ELZ2 = Lower and upper elevations of the increment
Areal,Area2 = Areas computed for EL1, ELZ, respectively
Volume = Incremental volume between EL1l and EL2

S/N: BA4YXYWHMXBOF

Bentley PondPack (10.00.022.00) 1:44 pM

Z9

Bentley Systems, Inc.

11/30/2007



Type.... Vol: Elev-Area Page 1.01
Name.,.. DET / SED

File.... I:\33%1\Calculations\Stormwater\Final Grades.ppw

REQUESTED POND WS ELEVATIONS:

Min. Elev.= 681.46 ft
Increment = k0 £t
Max. Elev.= 686.00 ft

\\—kf*i*i’*i\b#*i*iﬁ**-ﬁ***ii—-tdr***-j—*k-t{-**%*i*);-*v'i*

OUTLET CONNECTIVITY

vlr-i-*'i'i’"'l'*&**'***\k***‘i’t*******i—*i****i’i**\V\E*****ﬁ

——-> Forward Flow Only (UpStream to DnStream)

<-=- Reverse Flow Only (DnStream to UpStream)
<==-=> Forward and Reverse Both Allowed
Structure No. Outfall El, ft E2, ft
Orifice-Area 04 -——2 co 682.000 686.000
Orifice-Area 05 ——— co 682.250 686.000
Orifice-Area ol ———> co 682.500 686.000
Orifice-Area o6 ———D co 682.750 686.000
Orifice-Area 02 —-—— co 683.000 686,000
Orifice-Area 07 —-—2 co 683.250 686.000
Orifice-Area 03 ——> co 683.500 686.000
Stand Pipe RO ——— co 684.030 686.000
Orifice-Area 00 ———> co 681.830 686.000
Culvert-Circular co ——=2 TW 681.460 686.000
Weir-Rectangular wo == W 685.000 686.000

TW SETUP, DS Channel

S5/N: BAYXYWHMXBYF Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 1:44 PM 11/30/2007
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Type...
Name. ..

Bitesuen

. Outlet Input Data
. Existing Outlet

I:\3391\Calculations\Stormwater\Final Grades.ppw

Page 2.01

OUTLET STRUCTURE INPUT DATA

Structure ID
Structure Type

04

Orifice-Area

4 of Openings
Invert Elev.
Area

Top of Orifice
Datum Elewv.
Orifice Coeff.

Structure ID
Structure Type

# of Openings
Invert Elev.
Area

Top of Orifice
Datum Elev.
Orifice Coeff.

Structure ID
Structure Type

682.00
.0210
.00
682.00
.700

= 05
Orifice-Area

682.25
L0210
.00
682.25
.700

01

ft
sq. ft
ft
ft

& o
sq. ft
ft
£t

Orifice-Area

# of Openings = 4

Invert Elev. = 682.50 ft

Area = .0210 sq.ft

Top of Orifice = .00 ft

Datum Elev. 682.50 ft

Orifice Coeff. = .700
S/N: BAYXYWHMXBOF Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 1:44 PM 11/30/2007

25



Type. ...
Name. ...

File....

Outlet Input Data
Existing Outlet

I:\3391\Calculations\Stormwater\Final Grades.ppw

Page 2.02

OUTLET STRUCTURE

Structure ID
Structure Type

¥ of Openings
Invert Elev.
Area

Top of Orifice
Datum Elev.
Orifice Coeff.

Structure ID
Structure Type

# of Openings
Invert Elev.
Area

Top of Orifice
Datum Elev.
Crifice Coeff.

Structure ID
Structure Type

# of Openings
Invert Elev.
Area

Top of Orifice
Datum Elev.
Orifice Coeff.

Structure ID
Structure Type

INPUT DATA

]

n

I

]

06

Orifice-Area

02

Orifice-Area

683.00
.0210
.00
683,00
.700

o7

it
sq. £t
£t
ft

Orifice-Area

= 03
Orifice-Area

ft
sq. ft
ft
ft

# of Openings = 4

Invert Elev. - 683.50 ft

Area - .0210 sqg.ft

Top of Orifice = .00 ft

Datum Elev,. = 683.50 ft

Orifice Coeff. = .700
S5/N: BAYXYWHMXBOF Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 1:44 PM 11/30/2007

26



Type.... Outlet Input Data
Name.... Existing Outlet

File.... I:\3391\Calculations\Stormwater\Final Grades.ppw

Page 2.03

OUTLET STRUCTURE INPUT DATA

Structure ID
Structure Type

RO

Stand Pipe

# of Openings
Invert Elev.
Diameter

Orifice Area
Orifice Coeff.
Weir Length

Weir Coeff.

K, Reverse
Mannings n
Kev,Charged Riser
Weir Submergence

Structure ID
Structure Type

No

00

Orifice-Area

# of Openings = 4

Invert Elev. = 681.83 ft

Area = .0210 sq.ft

Top of Orifice = .00 ft

Datum Elev. = 681.83 ft

Orifice Coeff. 700
S/N: B4YXYWHMX89F Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 1:44 PM 11/30/2007

Z7



Type.... Outlet Input Data Page 2.04
Name.... Existing Outlet

File.... I:\3391\Calculations\Stormwater\Final Grades.ppw

OUTLET STRUCTURE INPUT DATA

Structure ID = CO0

Structure Type = Culvert-Circular

No. Barrels = £

Barrel Diameter = 2.0000 ft

Upstream Invert = 68l.46 ft

Dnstream Invert = 681.05 ft

Horiz. Length = 30.00 ft

Barrel Length = 30.00 ft

Barrel Slope = .01367 fr/ft

QUTLET CONTROL DATA...

Mannings n = .0240

Ke = .5000 (forward entrance loss)
Kb = .042300 (per ft of full flow)
Kr = .5000 (reverse entrance loss)
HW Convergence - L0011 +/- ft

INLET CONTROL DATA...
Equation form = i3

Inlet Control K = .0078
Inlet Control M = 2.0000
Inlet Control c = .03790
Inlet Control Y - .6900
Tl ratio (HW/D) = 1.129
T2 ratio (HW/D) = 1.290
Slope Factor = -.500

Use unsubmerged inlet control Form 1 equ. below Tl elev.
Use submerged inlet control Form 1 equ. above T2 elev.

In transition zone between unsubmerged and submerged inlet control,
interpoclate between flows at Tl & T2...

At Tl Elev = 683.72 ft ---> Flow = 15.55 cfs
At T2 Elev = 684.04 ft ---> Flow = 17.77 cfs
S/N: BAYXYWHMXBOF Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 1:44 PM 11/30/2007

Z%



Type.... Outlet Input Data

Name.... Existing

Outlet

File.... I:\3391\Calculations\Stormwater\Final Grades.ppw

Page 2.05

OUTLET STRUCTURE INFUT DATA

Structure ID
Structure Type

Weir TW effects

Structure ID
Structure Type

L[}

Wwo

Weir-Rectangular
# of Openings
Crest Elev.
Weir Length
Weir Coeff.

685,
25.

00 ft
00 ft

2.630000

(Use adjustment eguation)

W

TW SETUP, DS Channel

FREE OUTFALL CONDITIONS SPECIFIED

CONVERGENCE TOLERANCES. ..

Maximum Iterations=
Min. TW tolerance
Max. TW tolerance
Min. HW tolerance
Max. HW tolerance
Min. Q tolerance

Max. Q tolerance

40

.01
.01
.01
.01
.00
.00

ft
ft
i o
£t
cfs
cfs

5/N: BAYXYWHMXB9F

Bentley PondPack

(10.00.022.00)

1:44 pPM

zq

Bentley Systems, Inc.
11/30/2007



Type.... Outlet Input Data

Page 2.06

Name.... Existing OQutlet

File.... I:\3391\Calculations\Stormwater\Final Grades.ppw

LEVEL POOL ROUTING SUMMARY

HYG Dir = I:\2391\Calculations\Stormwater)

Inflow HYG file = work pad.hyg - DET / SED IN Dev 25

Outflow HYG file = work pad.hyg - DET / SED OUT Dev 25

Pond Node Data = DET / SED

Pond Volume Data = DET / SED

Pond Outlet Data = Existing Outlet

No Infiltration

INITIAL CONDITIONS

Starting WS Elev = 681l.46 ft

Starting Volume = 000 ac-ft

Starting Outflow = .00 cfs

Starting Infiltr, = .00 cfs

Starting Total Qout= .00 cfs

Time Increment - .0500 hrs

INFLOW/OUTFLOW HYDROGRAPH SUMMARY

Peak Inflow 188.91 cfs at 12.2500 hrs

Peak Outflow = 37.26 cfs at 13.2000 hrs
————————————————————————————————————————————————————— gt Fe ok WaTepr Elcvation
Peak Elevation = 685.37 ft |

Peak Storage = 12.365 ac-ft $ Above 695-0, the
T - IcOLI a{ ‘H—l‘. Q.M—fg.“t)

o -

MASS BALANCE (ac-ft) SP {"“,’ B New
__________________________ oy T

Initial Vol = 000 let Despn 1
HYG Vol IN = 22.357

Infiltration = 000 R"?"’""d-

HYG Vol OUT = 21.085

Retained Vol = 1272

Unrouted Vol = -.000 ac-ft (.002% of Inflow Volume)

WARNING: Outflow hydrograph truncated on right side.

S/N:
Bentley PondPack

BAYXYWHMXBOF
(10.00.022.00)

1:44 PM

Bentley Systems, Inc.
11/30/2007



Type.... Pond Routing Summary Page 3.01
Name.... DET / SED ouT Tag: Dev 25 Event: 25 yr
File.... I:\3391\Calculations\Stormwater\Final Grades.ppw

Storm... Typell 24hr Tag: Dev 25

LEVEL POOL ROUTING SUMMARY

HYG Dir = I:\3391\Calculations\Stormwater\
Inflow HYG file work pad.hyg - DET / SED IN Devl00
Outflow HYG file = work pad.hyg - DET / SED QUT Devl100

Pond Node Data DET / SED
Pond Volume Data DET / SED
Pond Outlet Data = Existing Outlet

No Infiltration

INITIAL CONDITIONS

Starting WS Elev = 681.46 ft
Starting Volume - .000 ac-ft
Starting Outflow - .00 cfs
Starting Infiltr. = .00 cfs
Starting Total Qout= .00 cfs
Time Increment - .0500 hrs

INFLOW/OUTFLOW HYDROGRALPH SUMMARY

Peak Inflow = 232.63 cfs at 12.2500 hrs

Peak Outflow = 71.28 cfs at 12.9000 hrs
Peak Elevation = 685.79 ft
Peak Storage = 13.979 ac-ft

MASS BALBNCE (ac-ft)

Initial Vol = .000
HYG Vol 1IN = 20565
Infiltration = .000
HYG Vol oUT = 26.281
Retained Vol = 1.284

.000 ac-ft (.001% of Inflow Volume)

Unrouted Vol

WARNING: Outflow hydrograph truncated on right side.

S/N: BAYXYWHMXBOF Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 1:44 PM 11/30/2007
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Type....
Name. ...
Biles .u.
Storm...

Typell

Unit Hyd. Summary
PHASE 3+4 SW
I:\3391\Calculations\Stormwater\Final Grades.ppw

24hr

Tag: Dev 25

Page 1.01

Event: 25 yr

Tag: Dev 25

S5CS UNIT HYDROGRAPH METHOD

STCEM EVENT: 25
Duration =
Rain Dir =
Rain File -ID =
Unit Hyd Type =
HYG Dir =
HYG File - ID =
Tc =
Drainage Area =

year storm
24.0000 hrs Rain Depth = 4.4000 in
I:\3391\Calculations\Stormwater\

- Typell 24hr
Default Curvilinear
I:\3391\Calculations\Stormwater)\
work pad.hyg - PHASE 3+4 SW Dev 25
.1768 hrs
14.800 acres

PHRSE 3 mon l+2
AND PHASE 4-moss

Runoff CN= 84

Computational Time Increment =
Computed Peak Time &=
Computed Peak Flow =

Time Increment for HYG File =
Peak Time, Interpolated Output =
Peak Flow, Interpolated Output =

.10358 hrs
12.3255 hrs
25.82 cfs

.0500 hrs
12.3500 hrs
25.63 cfs

ID:PHASE 3+4 SW

CN
Area =

S
0.

84

14.800 acres
= 1.9048 in
.3810 in

28

Cumulative Runoff

HYG Volume. ..

2.7267 in
3.363 ac-ft

3.362 ac-ft (area under HYG curve)

*HE*% SCS UNIT HYDROGRAPH PARAMETERS ##*#%#%

Time Concentration, Tc
Computational Incr, Tm =

Unit Hyd. Shape
K = 483.43/645.
Receding/Rising,

Unit peak,
Unit peak time

Unit receding limb, Tr

Total unit time,

.77682 hrs (ID: PHASE 3+4 SW)
-10358 hrs = 0.20000 Tp

I

Factor
333, K =
Tr/Tp =

483.432 (37.46% under rising limb)
. 7491 (also, K = 2/(1+(Tr/Tp))
1.6698 (solved from K = .7491)

21.59: ¢fs
.51788 hrs
2.07151 hrs
2.58939 hrs

ap
Tp =

1

Th =

S/N:

BAYXYWHMXBOF
Bentley PondPack (10.00.022.00)

Bentley Systems, Inc.

1:27 pPM 12/3/2007
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Type.... Outlet Input Data Page 2.06
Name.... Existing Outlet

File.... I:\33%1\Calculations\Stormwater\Final Grades.ppw

LEVEL POOL ROUTING SUMMARY

T:\339%91\Calculations\Stormwater\
work pad.hyg - DET / SED IN Dev 25
work pad.hyg - DET / SED OUT Dev 25

HYG Dir
Inflow HYG file
Outflow HYG file

Pond Node Data = DET / SED
Pond Volume Data DET / SED
Pond Outlet Data = Existing Outlet

No Infiltration

INITIAL CONDITIONS

Starting WS Elev = 681.46 ft
Starting Volume = .000 ac-ft
Starting Outflow = .00 cfs
Starting Infiltr. = .00 cfs
Starting Total Qout= .00 cfs
Time Increment = .0500 hrs

INFLOW/OQUTFLOW HYDROGRAPH SUMMARY

Peak Inflow = 160.65 cfs at 12.2500 hrs

Peak Outflow = 19.77 cfs at 13.6000 hrs
_____________________________________________________ EAK v

Peak Elevation = 684.98 ft <— P&A ATER Ecr
Peak Storage = 10.946 ac-ft 235, S Turan

MASS BALANCE (ac-ft)

+ Initial Vol = .000
+ HYG Vol IN = 18.450
- Infiltration = .000
- HYG Vol OUT = 17.183
- Retained Vol = 1.266

.000 ac-ft (.002% of Inflow Volume)

Unrouted Vol

WARNING: Outflow hydrograph truncated on right side.

S/N: BAYXYWHMX89F Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 1:27 PM 12/3/2007

%



Type.... Pond Routing Summary Page 3.01
Name.... DET / SED ouT Tag: Dev 25 Event: 25 yr
File.... I:\3391\Calculations\Stormwater\Final Grades.ppw

Storm... TypelII 24hr Tag: Dev 25

LEVEL POOL ROUTING SUMMARY

HYG Dir = I:\3391\Calculations\Stormwater\
Inflow HYG file work pad.hyg - DET / SED IN Dewvl00
Outflow HYG file work pad.hyg - DET / SED OUT Devl1(0

FPond Node Data DET / SED
Pond Volume Data = DET / SED
Pond Qutlet Data = Existing Outlet

No Infiltration

INITIAL CONDITIONS

Starting WS Elev - 681.46 ft
Starting Volume = .000 ac-ft
Starting Cutflow = .00 cis
Starting Infiltr. = «006fs
Starting Total Qout= .00 cfs
Time Increment - .0500 hrs

INFLOW/OUTFLOW HYDROGRAPH SUMMARY

Peak Inflow = 197.69 cfs at 12.2500 hrs

Peak Outflow = 41.57 cfs at 13.1000 hrs

Peak Elevation = 685.43 ft <— PE4k WATER Ecev
Peak Storage = 12.588 ac-ft

lee-rr <vtoran

MASS BALANCE (ac-ft)

Initial Vol = .000
HYG Vol IN - 22.748
- Infiltration = . 000
HYG Vol QUT = 21.470
Retained Vol = 1.278

Unrouted Vel =.000 ac-ft (.001% of Inflow Volume)

]

WARNING: Qutflow hydrograph truncated on right side.

S/N: BAYXYWHMXB9F Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 1:27 PM 12/3/2007
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Detention / Sedimentation Basin Routing
Proposed Outlet Structure



Type.... Outlet Input Data Page 1.01
Name.... Proposed Outlet

File.... I:\3391\Calculations\Stormwater\Final Grades-new outlet.ppw

REQUESTED POND WS ELEVATIONS:

Min. Elev.= 681.00 ft
Increment = 101 ft
Max. Elev.= 686.00 ft

AR R AR R RS R R R R R I S AR TR TR

OUTLET CONNECTIVITY

*i--d-i-*iiv**'l'****k*frii"l'"(#******iii***{-**t******i—i—

-—=-> Forward Flow Only (UpStream to DnStream)
<--- Reverse Flow Only (DnStream to UpStream)
<-=-> Forward and Reverse Both Allowed

Structure No. Outfall El; Tt E2, ft
Orifice-Circular o1 ———2 co 681.750 686.000
Orifice-Circular 04 —— co 682.250 686.000
Orifice-Circular 05 ———2 co 682.750 686.000
Orifice-Circular 02 —-—— co 683.250 686.000
Stand Pipe RO G co 684.250 686.000
Orifice-Circular 00 ——— co 681.250 686.000
Culvert-Circular co —— TW 681.000 686.000
Weir-Rectangular Wwo = W 685.000 686.000

TW SETUP, DS Channel

5/N: BAYXYWHMXBOF Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 9:11 AM 12/4/2007
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FYpess:
Name. ...

File....

Qutlet Input Data
Proposed Outlet

Page 1.01

I:\3391\Calculations\Stormwater\Final Grades-new outlet.ppw

OUTLET STRUCTURE INPUT DATA

Structure ID
Structure Type

o1
Orifice-Circular

# of Openings
Invert Elev.
Diameter
Orifice Coeff.

Structure ID
Structure Type

681.75 ft
.5000 ft
.00

04
Orifice-Circular

# of Openings
Invert Elev.
Diameter
Orifice Coeff.

Structure ID
Structure Type

682.25 ft
-5000 ft
.700

05
Orifice-Circular

# of Openings
Invert Elev.
Diameter
Orifice Coeff.

Structure ID
Structure Type

it

i

682.75 ft
.5000 ft
. 700

= 02

Orifice-Circular

# of Openings
Invert Elev.
Diameter
Orifice Coeff.

683.25 ft
.5000 ft
. 700

S/N: B4YXYWHMXBOF

Bentley PondPack

(10.00.022.00)

9:11 AM

37

Bentley Systems, Inc.
12/4/2007



Type.... Outlet Input Data Page 1.02
Name.... Proposed Outlet

File.... I:\3391\Calculations\Stormwater\Final Grades-new outlet.ppw

OUTLET STRUCTURE INPUT DATA

Structure ID = RO
Structure Type = Stand Pipe
# of Openings = 1
Invert Elev. = 684,25 ft
Diameter = 3.0000 ft
Orifice Area = 7.0686 sqg.ft
Orifice Coeff. = . 700
Weir Length - 9.42 ft
Weir Coeff. = 3.300
K, Reverse = 1.000
Mannings n = L0000
Kev,Charged Riser = .000
Weir Submergence = No
Structure ID = 00
Structure Type = Qrifice-Circular
# of Openings = 4
Invert Elev. = 681.25 ft
Diameter = .5000 ft
Orifice Coeff. = 700
S/N: BAYXYWHMX89F Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 9:11 AM 12/4/2007

28



Type.... Outlet Input Data Page 1.03
Name.... Proposed Outlet

File.... I:\3391\Calculations\Stormwater\Final Grades-new outlet.ppw

QUTLET STRUCTURE INPUT DATA

Structure ID = CO0

Structure Type = Culvert-Circular
No., Barrels = 1

Barrel Diameter = 3.0000 ft
Upstream Invert = 681.00 ft
Instream Invert = 680.50 ft
Horiz. Length = 30.00 ft
Barrel Length = 30.00 ft
Barrel Slope = ;01667 - EfE/TE

OUTLET CONTROL DATA...

Mannings n = .0240

Ke = .5000 (forward entrance loss)
Kb - .024635 (per ft of full flow)
Kr = .5000 (reverse entrance loss)
HW Convergence = 001 +/- ft

INLET CONTROL DATA...
Equation form = 1

Inlet Control K = .0078
Inlet Control M - 2.0000
Inlet Control c = .03790
Inlet Control ¥ = . 6900
Tl ratio (HW/D) = .000
T2 ratio (HW/D) = 1.288
Slope Factor = -.500

Use unsubmerged inlet control Form 1 egu. below Tl elev.
Use submerged inlet control Form 1 equ. above T2 elev.

In transition zone between unsubmerged and submerged inlet control,
interpolate between flows at Tl & T2...

At T1 Elev = 681.00 ft ---> Flow = 42.85 cfs
At T2 Elev = 684.86 ft ---> Flow = 48.97 cfs
S/N: BAYXYWHMX89F Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 9:11 AM 12/4/2007

»q



Page 1.04

Type.... OQutlet Input Data
Name.... Proposed Outlet
File.... I:\3391\Calculations\Stormwater\Final Grades-new outlet.ppw

OUTLET STRUCTURE INPUT DATA

Structure ID =
Structure Type =

# of Openings

Crest Elev,. =
Weir Length =
Weir Coeff. =

Weir TW effects

Structure ID =
Structure Type =

Wo

Weir-Rectangular

685,
25:

00 ft
00 ft

2.630000

(Use adjustment equation)

TW

TW SETUP, DS Channel

FREE OQUTFALL CONDITIONS SPECIFIED

CONVERGENCE TOLERANCES. ..

Maximum Iterations=
Min. TW tolerance =
Maxz. TW teolerance =
Min. HW tolerance =
Max. HW tolerance =
Min. Q tolerance =
Max. @ tolerance =

40

.01
.01
.01
.01
.00
.00

ft
ft
ft
ft
cfs
cfs

S/N:  BAYXYWHMX89F
Bentley PondPack (10.00.022.00)

9:11 AM

Bentley Systems, Inc.
12/4/2007



Type.... Outlet Input Data Page 1.05

Name.... Proposed Outlet
File.... I:\33%1\Calculations\Stormwater\Final Grades-new outlet.ppw
LEVEL POQOL ROUTING SUMMARY

HYG Dir =
Inflow HYG file =
OQutflow HYG file =

Pond Node Data =
Pond Volume Data =
Pond Cutlet Data =

No Infiltration

INITIAL CONDITIONS

I

:\33%1\Calculations\Stormwater\

work pad.hyg - DET / SED IN Dev 25
work pad.hyg - DET / SED OUT Dev 25

DET / SED

D
P

ET / SED
roposed Outlet

Starting WS Elev
Starting Volume
Starting Outflow
Starting Infiltr.
Starting Total Qout
Time Increment

681.25 ft
.692 ac-ft
.00 cfs
.00 cfs
.00 cfs
.0500 hrs

Peak Inflow L
Peak Outflow =

188.91 cfs at 12.2500 hrs
38.05 cfs at 13.2000 hrs

-h'm
Peak Elevation =  684.99 ft <— Pe-~k waler Eleus
Peak Storage = 12,276 ac=ft 285yr Storm

MASS BALANCE (ac-ft)

Initial Vol = . 692

HYG Vel IN = 22357

Infiltration = .000

HYG Vol OUT = 22.241

Retained Vol = 807

Unrouted Vol = -.000 ac-ft (.000% of Inflow Volume)

WARNING: Outflow hydrograph truncated on right side.

S/N: BAYXYWHMXBOF

Bentley Systems, Inc.

Bentley PondPack (10.00.022.00) 9:11 AM 12/4/2007

4



Type.... Pond Routing Summary Page 2.01
Mame.... DET / SED ouT Tag: Dev 25 Event: 25 yrx
File.... I:\3391\Calculations\Stormwater\Final Grades-new outlet.ppw
Storm... Typell 24hr Tag: Dewv 25

LEVEL POOL RCUTING SUMMARY

HYG Dir I:\339%1\Calculations\Stormwater)
Inflow HYG file = work pad.hyg - DET / SED IN Devl100
Outflow HYG file = work pad.hyg - DET / SED OUT Devl(00

Pond Node Data = DET / SED
Pond Volume Data = DET / SED
Pond Outlet Data = Proposed Outlet

Mo Infiltration

INITIAL CONDITIONS

Starting WS Elev = 681.25 ft
Starting Volume = .692 ac-ft
Starting Outflow = .00 cfs
Starting Infiltr. = .00 cfs
Starting Total Qout= .00 cfs
Time Increment = .0500 hrs

INFLOW/OUTFLOW HYDROGRAPH SUMMARY

Peak Inflow 232.63 cfs at 12.2500 hrs

1

Peak Outflow - 73.09 cfs at 12.8000 hrs
Peak Elevaticn = 685.45 ft <— Pe=k weotel Eleyation
Peak Storage = 13.977 ac-ft loo-,1 Stozam

MASS BALANCE (ac-ft)

+ Initial Vol = .692
+ HYG Vol IN = 27.565

Infiltration = .000
- HYG Vol QUT = 27.448
- Retained Vol = 809

Unrouted Vol ~-.000 ac-ft (.000% of Inflow Volume)

Il

WARNING: Outflow hydrograph truncated on right side.

S/N: B4YXYWHMXBOF Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 9:11 AM 12/4/2007
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Type.... Pond Routed HYG (total out) Page 1.06
Name.... DET / SED ouT Tag: Dev 25 Event: 25 yr
File.... I:\3391\Calculations\Stormwater\Final Grades-new outlet.ppw
Storm... Typell 24hr Tag: Dew 25

HYDROGRAPH ORDINATES (cfs)

Time | Output Time increment = ,0500 hrs
hrs | Time on left represents time for first value in each row.
_________ i___....__._____......____....____._._.______...._.___..____._____._.____.....____.____
69.7000 | 08 08 08 08 08
69.9500 | 08 08 08 08 08
70,2000 | 08 08 .08 08 08
70.4500 | 08 08 .08 08 .08
70.7000 | 08 08 08 08 08
70.9500 | 08 .08 72 5 #,: 08 08 .08
71.2000 | 08 .08 2 08 .08
71.4500 | .07 .07 { .07 .07 .07
71.7000 | .07 .0 .07 .07 .07 TFtow AT
71.9500 | .07 .07 .07 o =Y
72.2000 | .07 .07 .07 .07 .07 7w Hes
72.4500 | .07 .07 .07 .07 .07
72.7000 | .07 .07 .07 .07 .07 (:3 Leps) =
72.9500 | .07 .07 .07 .07 .07
73.2000 | .07 .07 .07 .07 .07 O 07 eFs
73.4500 | 07 07 .07 07 07
73.7000 | 07 07 .07 07 07 .
73.9500 | 07 .07 .07 .06 os '+ BAsr TAkes
74.2000 | .06 .06 .06 .06 (06 MORE tiAr 3
74.4500 | .06 .06 .06 .06 .06
74.7000 | .06 .06 .06 .06 .06 ORYS Yo bpaay
74.9500 | 06 06 .06 06 06
75.2000 | 06 06 .06 06 06
75.4500 | .06 .06 .06 06 06
75.7000 | .06 .06 .06 .06 .06
75.9500 | 06 06 .06 06 06
76.2000 | 06 06 .06 06 06
76.4500 | 06 06 .06 06 06
76.7000 | 06 06 06 06 06
76.9500 | 06 06 .06 06 06
77.2000 | 05 05 .05 05 05
77.4500 | 05 05 05 05 05
77.7000 | .05 05 05 05 05
77.9500 | .05 .05 .05 .05 .05
78.2000 | .05 .05 .05 .05 .05
78.4500 | 05 05 .05 05 05
78.7000 | 05 .05 .05 05 05
78.9500 | 05 05 .05 .05 05
79.2000 | .05 05 .05 .05 05
79.4500 | .05 .05 .05 .05 .05
79.7000 | .05 .05 .05 .05 .05
79.9500 | .05 .05 .05 .05 .05
80.2000 | .05 .05 .05 .05 .05
80.4500 | .05 .05 .05 .05 .05
80.7000 | .05 .05 .05 .05 .04
S/N: BAYXYWHMXB9F Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 10:10 AM 12/4/2007
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Detention Basin Routing

44



Type.... Tc Calcs Page 1.02
Name.... OFF-SITE AREA

File.... I:\3391\Calculations\Stormwater\off-site.ppw

RUNOFF CURVE NUMBER DATA

Impervious
Area Rdjustment Adjusted
Soil/Surface Description CN acres sC suC CN
Off-site 79 91.000 79.00
COMPOSITE AREA & WEIGHTED CN ---> 91.000 79.00 (79)
S5/N: B4YXYWHMXBOF Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 9:25 AM 11/5/2007

45



Table of Contents ii

Table of Contents (continued)

Segment #1: Tc: TR-55 Sheet

Mannings n L2400
Hydraulic Length 400.00 ft
2yr, 24hr P 2.5000 in
Slope .010000 ft/ft
Avg.Velocity .10 ft/sec
Segment #1 Time: 1.0763 hrs
Segment #2: Tc: TR-55 Channel
Flow Area 5.9000 sq.ft
Wetted Perimeter 13.60 ft
Hydraulic Radius .43 ft
Slope .010000 ft/ft
Mannings n L0350
Hydraulic Length 3600.00 ft
Avg.Velocity 2.44 ft/sec
Segment #2 Time: .4099 hrs
Total T¢: 1.4862 hrs
S/N: BAYXYWHMXBOF Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 9:25 AM 11/5/2007

44



Type.... Runoff ClN-Area Page 2.01
Name.... OFF-SITE AREA

File.... I:\3391\Calculations\Stormwater\off-site.ppw

SCS UNIT HYDROGRAPH METHOD

STORM EVENT: 25 year storm

Duration = 24.0000 hrs Rain Depth = 4.4000 in
Rain Dir I:\3391\Calculations\Stormwater\

Rain File -ID - Typell 24hr

Unit Hyd Type = Default Curvilinear

HYG Dir = I:\3391\Calculations\Stormwater\
HYG File - ID = - QFF-SITE AREA 25
Te = 1.4862 hrs

Drainage Area = 91.000 acres Runoff CN= 79

Computational Time Increment = .19816 hrs
Computed Peak Time = 12.8806 hrs
Computed Peak Flow = 81.53 cfs
Time Increment for HYG File = .0500 hrs
Peak Time, Interpoclated OQutput = 12.8500 hrs
Peak Flow, Interpolated Qutput = 81.27 cfs
DRAINAGE AREA
ID:OFF-SITE AREA
CN = 79
Area = 91.000 acres
s - 2.6582 in
0.25 = .5316 in
Cumulative Runoff
2.2928 in
17.387 ac-ft
HYG Volume... 17.386 ac~ft (area under HYG curve)

kx%kd SCS UNIT HYDROGRAPH PARAMETERS ***+**

Time Concentration, Tc = 1.48623 hrs (ID: OFF-SITE AREA)
Computational Incr, Tm .19816 hrs = 0.20000 Tp

Unit Hyd. Shape Factor = 483.432 (37.46% under rising limb)

K = 483.43/645.333, K = .7491 (also, K = 2/(1+(Tx/Tp))

Receding/Rising, Tr/Tp = 1.6698 (solved from K = .7491)

Unit peak, qp = 69.38 cfs

Unit peak time Tp = .99082 hrs

Unit receding limb, Tr = 3.96327 hrs

Total unit time, Tbh = 4.85408 hrs
S/N: B4YXYWHMX89F Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 9:25 AM 11/5/2007
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Type.... Unit Hyd. Summary Page 3.01

Name.... QOFF-SITE AREA Tag: 25 Event: 25 yr
File.... I:\33%1\Calculations\Stormwater\off-site.ppw
Storm... Typell 24hr Tag: 25

SCS UNIT HYDROGRAPH METHOD

STORM EVENT: 100 year storm

Duration 24.0000 hrs Rain Depth = 5.1000 in
Rain Dir = I:\3391\Calculaticons\Stormwater\

Rain File -1ID - Typell 24hr

Unit Hyd Type Default Curvilinear

[}

HYG Dir = I:\3391\Calculations\Stormwater)
HYG File - ID = - QOFF-SITE AREA 100
e = 1.4862 hrs

Drainage Area 91.000 acres Runoff CN= 79

Computational Time Increment = .19816 hrs
Computed Peak Time = 12.8806 hrs
Computed Peak Flow = 103.19 cfs
Time Increment for HYG File - .0500 hrs
Peak Time, Interpolated Output = 12.8500 hrs
Peak Flow, Interpolated OQutput = 102.94 cfs
DRAINAGE AREA
ID:0OFF-SITE AREA
CN = T9
Area = 91.000 acres
S = 2.6582 in
0.25 = .5316 in
Cumulative Runoff
2.8879 in
21.900 ac-ft
HYG Volume... 21.899 ac-ft (area under HYG curve)

***** SCS UNIT HYDROGRAPH PARBMETERS **#***

Time Concentration, Tc
Computational Incr, Tm

1.48623 hrs (ID: OFF-SITE AREA)
-19816 hrs = 0.20000 Tp

Unit Hyd. Shape Factor
K = 4B3.43/645.333, K

483.432 (37.46% under rising limb)
.7491 (also, K = 2/(1+{Tx/Tp))

Receding/Rising, Tr/Tp = 1.6698 (solved from K = .7491)

Unit peak, qp = 69.38 cfs

Unit peak time Tp = .99082 hrs

Unit receding limb, Tr = 3.96327 hrs

Total unit time, Thb = 4.95408 hrs
S/N: B4AYXYWHMXB9F Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 9:25 AM 11/5/2007
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Type.... Vol: Elev-Area Page 1.01
Name.... DETENTION

File.... I:\3391\Calculations\Stormwater\off-site.ppw
Elevation Planimeter Lrea Al+A2+sqr (A1*R2) Volume Volume Sum
(ft) {sg.in) {acres) (acres) {ac-ft) (ac-ft)
685.50 ————- 2.7000 0000 .000 000
686.00  ———-- 2.8800 8.3685 1.395 1.385
688.00 ———-- 3.5800 9.6710 6.447 7.842
890.00  ————- 4.4900 12.0783 8.053 15.895
692.00 s €.5000 16.3923 10.928 26.823

POND VOLUME EQUATIONS

* Incremental volume computed by the Conic Method for Reservoir Volumes.

Volume = (1/3) * (EL2-EL1) * (Areal + Area? + sq.rt. (Areal*Area2))
where: EL1, EL2Z = Lower and upper elevations of the increment
Areal,Area? = Areas computed for ELl, EL2, respectively
Volume = Incremental volume between EL]1 and EL2
S/N: BA4YXYWHMXB9F Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 1:15 PM 11/30/2007
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Type.... Vol: Elev-Area Page 1.01

Name.... DETENTION

File.... I:\3391\Calculations\Stormwater\off-site.ppw

REQUESTED POND WS ELEVATIONS:

Min. Elev.= 685.50 ft
Increment = -310 ft
Max. Elev.= 692.00 ft

L B R R I R R

OUTLET CONNECTIVITY

LA S A S S S SRR EEE RS EE R E R R L e e R e L]

--=> Forward Flow Only (UpStream to DnStream)
<--- Reverse Flow Only (DnStream tc UpStream)
<---> Forward and Reverse Both Allowed

Structure No. Outfall El, ft E2, ft
Orifice-Circular 01 —-——2 co 687.000 692.000
Orifice-Circular 02 —-——3 co 687.500 692.000
Orifice-Circular 03 ] co 688.000 692.000
Orifice-Circular 04 a3 cao 688.500 692.000
Orifice-Circular 05 -——> co 689.000 692.000
Stand Pipe RO -—> co 689.880 £692.000
Orifice-Circular 00 ———2 co 686.230 692.000
Culvert-Circular co ———D W 685.500 692.000
Weir-Rectangular wWo —-—— W 692.000 692.000

TW SETUP, DS Channel

S/N: BAYXYWHMXBOF
Bentley PondPack (10.00.022.00) 1:15 PM

506

Bentley Systems, Inc.
11/30/2007



Type....

Name. ...

File.ua »

Outlet Input Data
Existing Outlet

I:\339%1\Calculations\Stormwater\off-site.ppw

Page 2.01

OUTLET STRUCTURE INPUT DATA

Structure 1ID
Structure Type

Orifice-Circular

# of Openings
Invert Elev.
Diameter
Orifice Coeff.

Structure ID
Structure Type

687.00 ft

L0810 ft
.700

Orifice-Circular

# of Openings
Invert Elev.
Diameter
Orifice Coeff.

Structure ID
Structure Type

687.50 ft

.0810 ft
. 700

Orifice-Circular

# of Openings
Invert Elev.
Diameter
Orifice Coeff.

Structure ID
Structure Type

688.00 ft

.0810 ft
070

Orifice-Circular

# of Openings
Invert Elev.
Diameter
Orifice Coeff.

688.50 ft

.0810 ft
.700

S/N: B4YXYWHMXBOF

Bentley PondPack

(10.00.022.00)

1:15 PM

51

Bentley Systems, Inc.
11/30/2007



Type.... Outlet Input Data Page 2.02
Name.... Existing Outlet
File.... I:\3391\Calculations\Stormwater\off-site.ppw
OUTLET STRUCTURE INPUT DATA
Structure 1D = 05
Structure Type = Orifice-Circular
# of Openings = 3
Invert Elev. = 689.00 ft
Diameter = .0810 ft
Orifice Coeff. = .700
Structure ID = RO
Structure Type = Stand Pipe
# of Openings = 1
Invert Elev. - 6859.88 ft
Diameter - 1.5000 ft
Orifice Area = 1.7671 sq.ft
Orifice Coeff. = .700
Weir Length = 4.71 ft
Weir Coeff. 3.300
K, Reverse - 1.000
Mannings n = .0000
Kev,Charged Riser = .000
Weir Submergence = No
Structure ID = 00
Structure Type = Orifice-Circular
# of Openings 3
Invert Elev. = 686.23 ft
Diameter = .0810 ft
Orifice Coeff. .700
S/N: B4YXYWHMXAOF Bentley Systems, Inc.

Bentley PondPack

(10.00.022.00)

1:15 PM

52

11/30/2007



Type.... Outlet Input Data Page 2.03

Name.... Existing Outlet

File.... I:\3391\Calculations\Stormwater\off-site.ppw

OUTLET STRUCTURE INPUT DATA

Structure ID = CO
Structure Type Culvert-Circular

No. Barrels = 1

Barrel Diameter = 1.5000 ft

Upstream Invert = 685.50 ft

Dnstream Invert = 6R85.00 ft

Horiz. Length = 65.00 ft

Barrel Length = 65.00 ft

Barrel Slope - .00769 ft/ft

OUTLET CONTROL DATA...

Mannings n - L0240

Ke - .5000 (forward entrance loss)
Kb = .062076 (per ft of full flow)
Kr = .5000 (reverse entrance loss)
HW Convergence = 001 +/- £t

INLET CONTROL DATA. ..
Equation form = 1

Inlet Control K = .0078
Inlet Control M = 2.0000
Inlet Control c = .03790
Inlet Control Y = . 6900
Tl ratio (HW/D) = 1.132
T2 ratio (HW/D) i 1.293
Slope Factor = 500

Use unsubmerged inlet control Form 1 equ. below Tl elev.
Use submerged inlet control Form 1 equ. above T2 elev.

In transition zone between unsubmerged and submerged inlet control,
interpolate between flows at Tl & T2...

At Tl Elev = 687.20 ft ---> Flow
At T2 Elev = 687.44 ft ---> Flow

Il

7.58 cfs
8.66 cfs

It

S/N: BAYXYWHMX89F
Bentley PondPack (10.00.022.00) 1:15 PM

L3

Bentley Systems, Inc.
11/30/2007



Type....
Name. ...

Filel .o

Outlet Input Data

Existing Outlet

I:\3391\Calculations\Stormwater\off-site.ppw

Page 2.04

OUTLET STRUCTURE

Structure ID
Structure Type

Weir TW effects

Structure ID
Structure Type

FREE OUTFALL CONDITIONS SPECIFIED

INPUT DATA

= Wo

= Weir-Rectangular
# of Openings
Crest Elev.
Weir Length
Weir Coeff.

= 692.
= 25,

00 ft
00 ft

= 2.630000

(Use adjustment equation)

= TW

= TW SETUP,

CONVERGENCE TOLERANCES.. .

Maximum Iterations= 40

Min. TW tolerance = .01
Max. TW tolerance = .01
Min. HW tolerance = .01
Max. HW tolerance = .01
Min. ©Q tolerance = .00
Max. Q tolerance = .00

i
ft
ft
ft
cfs
cfs

D5 Channel

S/N: BAYXYWHMXBOF
(10.00.022.00)

Bentley PondPack

1¥35 BM

g4

Bentley Systems, Inc.

11/30/2007



Type.... Outlet Input Data
Name.... Existing OQutlet

File. ... I:\3391\Calculations\Stormwater\off-site.ppw

Page 2.05

LEVEL POOL ROQUTING SUMMARY
HYG Dir = I:\3391\Calculations\Stormwater\
Inflow HYG file = NONE STORED - DETENTION IN 25

Outflow HYG file = NOME STORED - DETENT
Pond Node Data = DETENTION

Pond Volume Data = DETENTION

Pond Outlet Data = Existing Outlet

No Infiltration

INITIAL CONDITIONS

Starting WS Elev = 685.50 ft
Starting Volume = .000 ac-ft
Starting Outflow - .00 cfs
Starting Infiltr. = .00 cfs
Starting Total Qout= .00 cfs
Time Increment = .0500 hrs

INFLOW/OUTFLOW HYDROGRAPH SUMMARY

ION ouT 25

Peak Inflow = 8127 cfs at
Peak Cutflow = 2.30 cfs at
Peak Elevation = 690.10 ft

Peak Storage = 16.358 ac-ft

12.8500 hrs
24 .8500 hrs

MASS BALANCE (ac-ft)

+ Initial Vol = .000
+ HYG Vol IN = 17.386
= Infiltration = .000
- HYG Vol QUT = Fia
- Retained Vol = 12.027

Unrouted Vol

WARNING: Outflow hydrograph truncated o

—-.000 ac-ft (.000% of Inflow Volume)

n right side.

5/N: B4YXYWHMXB89F
Bentley PondPack (10.00.022.00)

1315 BP9

55

Bentley Systems, Inc.
11/30/2007



Type.... Pond Routing Summary Page 3.01

Name.... DETENTION ouT Tag: 25 Event: 25 yr
File.... I:\3391\Calculations\Stormwater\off-site.ppw
Storm... TypeIl 24hr Taqg: 25

LEVEL POOL ROUTING SUMMARY

HYG Dir = I:\3391\Calculations\Stormwater)\
Inflow HYG file = NONE STORED - DETENTIOM In 100
Outflow HYG file = NONE STORED - DETENTIOM QuUT 100

Pond Node Data = DETENTION
Pond Volume Data = DETENTION
Pond Outlet Data = Existing Outlet

No Infiltration

INITIAL CONDITIONS

Starting WS Elev = 685.50 ft
Starting Volume = .000 ac-ft
Starting Outflow = .00 cfs
Starting Infiltr. = .00 cfs
Starting Total Qout= .00 cfs
Time Increment = .0500 hrs

INFLOW/OUTFLOW HYDROGRAPH SUMMARY

Peak Inflow = 102.94 cfs at 12.8500 hrs
Peak Outflow = 6.35 cfs at 19.9%000 hrs
Peak Elevation = 690.39 ft

Peak Storage = 17.718 ac-ft

MASS BALANCE (ac-ft)

Initial Vol = .000

HYG Vol IN & 21.899

Infiltration = .000

HYG Vol OUT = 9.716

Retained Vol = 12.182

.000 ac-ft (.002% of Inflow Volume)

Unrouted Vol

WARNING: Outflow hydrograph truncated on right side.

S/M: BAYXYWHMX89F Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 1:15 PM 11/30/2007

oL



Type.... Pond Routed HYG (total out) Page 1.06

Mame.... DETENTION ouT Tag: 25 Event: 25 yr
File.... I:\3391\Calculations\Stormwater\off-site.ppw
Storm... TypelIl 24hr Tag: 25

HYDROGRAPH ORDINATES (cfs)

Time | Output Time increment = .0500 hrs
hrs I Time on left represents time for first value in each row.
_________ !____.........._.__.......________.--_.___.—..___-..____...__....__.___-____________..
71.4000 | .56 .56 .56 .56 .56
71.6500 | .56 .56 .56 -?zifg .56 .56
71.9000 | .56 .56 ‘___’ .56 56 OuTFELow AT
72.1500 | .56 .56 .56 .56 .56 22.0 Ne's
72.4000 | .56 .56 .56 .56 .56 . -
72.6500 | .56 .56 .56 .56 .56 o 86 c€¢
72.9000 | .56 .56 .56 .56 .56
73.1500 | .56 .56 .56 .56 56 . Rpswm thEss
73.4000 | .56 .56 .56 .56 .56
73.6500 | .56 .56 .56 .56 .56 MORE THAw 3
73.9000 | .56 .56 .56 .56 .56 .
74.1500 | .56 .56 .56 .56 56 LAY Yo Nren
74.4000 | .56 .56 .56 .5 .56
74.6500 | .56 .56 .56 .56 .56
74.9000 | .56 .56 .56 .56 .56
75.1500 | .55 .55 .55 .55 +55
75.4000 | .55 .55 .55 .55 .55
75.6500 | .55 .55 .55 .55 .55
75.9000 | .55 .55 .55 <55 .55
76.1500 | .55 .55 .55 .55 .55
76.4000 | .55 .55 .55 .55 .55
76.6500 | .55 .55 .55 .55 <55
76.9000 | .55 .55 .55 .55 .55
77.1500 | .55 .55 .55 .55 .55
77.4000 | .55 .55 .55 .55 .55
77.6500 | .55 .55 .55 .55 .55
77.2000 | .55 .55 .55 .55 55
78.1500 | .55 .55 .55 .55 <55
78.4000 | .55 .55 .55 .55 .55
78.6500 | .55 .55 .55 .55 .55
78.9000 | .55 .55 .55 .55 .55
79.1500 | .55 .55 .55 .55 .55
79.4000 | .55 .55 .55 .55 .54
79.6500 | .54 .54 .54 .54 .54
79.9000 | .54 .54 .54 .54 .54
80.1500 | .54 .54 .54 .54 .54
80.4000 | .54 .54 .54 .54 .54
80.6500 | .54 .54 .54 .54 .54
80.9000 | .54 .54 .54 .54 .54
81.1500 | .54 .54 .54 .54 .54
81.4000 | .54 .54 .54 .54 .54
81.6500 | .54 .54 .54 .54 .54
81.9000 | .54 .54 .54 .54 .54
82.1500 | .54 .54 .54 .54 .54
82.4000 | .54 .54 .54 .54 .54
S/N: BAYXYWHMXB89F Bentley Systems, Inc.
Bentley PondPack (10.00.022.00) 10:14 AaM 12/4/2007
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Sediment Removal Analysis
(P8 Urban Catchment Model)



DANE COUNTY EROSION CONTROL AND STORMWATER MANAGEMENT MANUAL

g
|
|
|
|
|
N [
i
|
|
|

3

/

/

Expected Trapping Efficiency (%)
&
|
|
|
|
|
|
|
|

|
!

Particle Size Trapped (microns)

Convert the storage volume from the 1-year, 24-hour storm event into cubic feet. This volume of storage 1s

then divided by the time required to settle the particle obtained by Stokes Law.

VS.'oragr (ﬁ 3)

Time(sec)

Qmax fmum (Cfs) =

Q imasimum 15 the rate at which the basin must be released in order to obtain the expected efficiency.

*See table on following page for particle settling velocities to calculate Time (sec)

T ﬂaf’ e (5 AL Gon Par*fﬂ[e-, Mg T HAve

/]( TMPP!-:) e-C'(:'Cfﬂ-—-f; o(a‘f lw-_&;‘” 4"770"

APPENDIX IV - BASIN EFFICIENCY 01/02/07 I1v-3

5



P8 - Sediment Removal Analysis
Sedimentation / Detention Basin
Edgewater Landfill

TSS Removal = 69.9%

USE KEYPAD, <F1>=HELP, <F8>=SAUE, <ES =QUIT OUTPUT.PRN




KRG/
1:\3391\Calculations\Stormwater\P8 - Sed-Det Basin.doc

™~
-3




P8 Sediment Removal Analysis
Detention Basin for Off-site Stormwater Runon
Edgewater Landfill

),  F?=HELP/EDITOR.

TSS Removal = 73.2%

USE KEYPAD, <F1>-HELP. <F8>=SAUE. <{ESC>=QUIT OUTPUT.PRN

6z X



F3=EDIT FIELD, F?7=HELP,.

KRG/krg
[:\3391'\Calculations\Stormwater\P8 Offsite Det Basin.doc
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== Calc. No.

n : Rev. No.
Job No. 33 ?I{ Job EQ\? o \n.:ﬂ--{"cf‘ .’-’ .s-,aal 1_~/.-;'r,! By j"l‘:f'r','_ [o Date i:_/"dlf'a‘;-
Client Subject N Chk'd. Date

ﬁrno-ﬂwr u’we'fb*i’“) o-‘{ ch ‘-'Ck“’-\t? Seditmed BRaovsl! P 4
too Deteomde Hue Soeface Atee of the keco ol
Fue c'hs;mq;«.-. TWIE  Patio Can e Cormpared +0 the
Table helow. .
To Sele Hhe 20T mm Farﬁ'cfc Fﬂ.:%:;f-w ot R125
bS Prourred.

8.16 Erosion and Sediment Control Handbook

TABLE 8.1 Surface Area Requirements of Sediment Traps and Basins

Surface area requirements,
Settling velocity,  ft’ per ft*/sec (m? per m*/sec

Particle size, mm ft/sec (m/sec) discharge discharge)
0.5 (coarse sand) 0.19 (0.058) 6.3 (20.7)
0.2 (medium sand) 0.067 (0.020) 17.9 (58.7)
0.1 (fine sand) 0.023 (0.0070) 52.2 (171.0)
0.05 (coarse silt) 0.0062 (0.0019) 193.6 (635.0)
002 (medium Bi}t] 0.00096 (0.00029) 1,250:0 (4,101.0)
0.01 (fine silt) 0.00024 (0.000073) 5,000.0 (16,404.0)
0.005 (clay) 0.00006 (0.000018) 20,000.0 (65,617.0)

; Lols ; 3t1z5.2 G’_

Wit e F-;m[bws.--c) outlet the outht Flow Frow
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6 8 ‘{Qq Th'\‘_. Suf—’v(“f-e Al e T T"LL‘S C(.—_-,-_,:-"(-fb“ = g'é 145 = ,566{6 F.‘Ta

S68l6 F®
5 = 4z B

58.0 §Fi¥.. pr/se

™

e T;\ -4 b ofin  tan ";/ Se ‘?’?..';E fi‘ﬂ - QD 2/ 5‘[-“ d p$ wiie F(
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Swale and Culvert Calculations



tmp#5. txt

Channel calculator

Given Input Data: SWALE LocaTEd
SHADE! & i siesdsiime o suarmsmonime o e simisis Trapezoidal
SOMWIRG FOE e o3 vonn s s 5 9418 Depth of Flow WEST oF PHAsES
Flowrate .......ouieiieenninnnnn.. 163.0000 cfs »+q
STOPR! & vs usimawen 05 o8 Lenes o5 o 75 e 0.0033 ft/ft
MANNING'S N v s wmsimmsman 53 wow 0.0300
HEVORE " o5 i cinan rs b miwsenmmine s e gn 48.0000 1in
Botrom Width eu s on comaniinos o 120.0000 1in
Left sTope ..., 4.0000 ft/ft (v/H)
RIght  5TOPe ey ss wusasemes 3 o 3.0000 ft/ft (Vv/H)

Computed Results:
BRIEH o o weaviwimeay) BEAR SRR S 38.3721 in <&
VeloCTtY tuiiiiiii it i e iiiiinnan 4.6626 fps
FEl ElowWrate e seamsnamans o 230.0749 cfs
F][ow =1 o= 3469(5}8%8&2
Flow: perimeter ...e:.q cvivssases v 200. in w—— . 52339
HYaraul 1€ Padius  su. co commsmnny i 25.1704 in ' scores 0337
TOP WHAER 5 s cvmnilog o0 wemoes e 142.3837 1in t A3
BITBA wvwraisron orv sssress oivis @i e aielirasis i 44.6667 ft2 4 5
PEFIMELEr . .vvvrenneernnnnnnns 220.0737 in N\ T
Parcent FUlT ccuwnnass ss sassveses 79.9419 % ' IPL

25 -yr Storss SwhteE CARRBIES Flow Frea
e sy Stone
r-rH'ESE 47 (23,2 PHﬂsfs i#2 + p”ﬁ'ﬁfaiq —€ outlnesT
54

PHb\QC" Irq sws

[42.6 ¢ Fs

WX Flow Depth= 384"

{4

FB&E Eaﬁvﬁb: 4—9”-— igwﬁfi: 2.6

cé



tmp#7 . txt

Channel calculator

Given ﬁnput Data: " SWheE Locates
SNAPE: 5 ot via o imis e soeveisis va sia g s Trapezoida =4;5.
SOIVEIRG TOI weumvx soviv o s v 5055% Depth of Flow ERCT oF PH 2
FIOWPraTe it ieiieeeennnnns 30.7000 cfs
STORE: ai os vl SEEeses & & o5 oh 0.0100 ft/ft
MABMIAG" S 0 wesmion momesaa s s sz 0.0300
HETOWE 55 5 vm 065 a0 vinmeommmme s ai aca 24.0000 in
Bottom Width ..iww cawwimsis s os va 120.0000 in
Left sTope .......viviiininnnn.. 4.0000 ft/ft (v/H)

RIgGhL: 510D8 . ewenn e vanaeia 8w a0 3.0000 ft/ft (V/H)
Computed Results:
5153 o [ 9.3523 in <—
VeloCity .ot 3.8516 fps
FUll FlOWrate .......eoivavicessis 137.0073 cfs
Flow area .........c.ovuiiinnnnnnnn 7.9708 ft2
Flow perimeter ciaies svwsveseses i 139.4984 1in z
Hydraulic radius ................ 8.2280 in | % StorF
TOR WYOER 5 s a6 50505 0% visrsiomminies wis 125.4555 1n
APEH i avirmavimss sosaatons s sfe i i s s 21.1667 ft2 <, .
Perimeter ..........iuiiiiinnnn.. 170.0369 1in &
Percent FulTl .. vvwis on sawwmseinies 38.9680 %
———
o’

> S5-Yr stoem = 30 &Fs

ft
MBX Depth=s 44
F\f‘.e..:. Board = 144 ’



tmp#9. txt

Manning Pipe Calculator CulCVERT
Given Input Data: LEACHATE
SHADE  crsumnmyees o e semmvatavars o s Sndse Circular
solving for ...... ... . ..., Flowrate
DIBMELET: satiusi we onlesiiiash b oot 24.0000 1in
Depth ... ..ot 24.0000 in
SITODE wiimafion ey b s st e ed v M 0.0140 ft/ft
MBRANTTIG™NS I s am sacesmmiarat ot sieisiisgs 0.0240
Computed Results:
FIOWrate .....oviiniennnnnnennnn. 14.4989 cfs “
AT & s shBn e sabeinses o7 8 3.1416 ft2
Wetted APRA. ..o vs e vmmvemeas s e 3.1416 ft2
Wetted Perimeter ................ 75.3982 1in
PErimeter .sus se vessmammm s i s 75.3982 1in
VETOCTLY tvvni et iiiiannn 4.6151 fps
Hydraulic RadTUS .. cewsweisss oo sioin 6.0000 in
Percent Full ...........ciiiiunnn 100.0000 %
Full flow Flowrate .............. 14.4989 cfs
Full flow velocity .............. 4.6151 fps
25-7r PEAK puasofF For PHASE 3+4¢ sw= 554 c€s
onNLy !'% eF  tlue watersked will Flow tlareglb g coluad

=

SE<SGAr Flew—

4%

SctolkPLE =

24 emp
Flow = (4 5cFs

2- 24"Cmp chaw

227 c¢Fs

HRacbe E 2 GcFs o

MNEar

ppmﬂﬁv‘r



Intermediate Diversion Berm Calculation



Sheet No.

Calc. No.
i Rev. No.
JobNo. 229/ Job  Fdgewater bad (Ml By Kk, Date 1%/3/0>
Client Subject Chk'd. ) Date

Deteopme F INTERWEMALE TWERS©r BERMS ARE
REQuiREY o yHE  FiNnAL CovEr .
MA  +H 1 Serc Loss o = Jor /f}c_ o LEFSS .

UNWWERS AC Sorec Loss E?.,a.‘:‘r'an_;
A= Rekx [Sy Tx P

A= AU“"“&Q A‘“&Vﬂ( Soi Losg .JT'Q!\/A.C'
Rz Rqﬁif%{/f* Rumotd ErosSivits [adex
K= So. Era&'h;ﬂ#; Cactor, Yor/ac

LS= Silope Lensth t Sreepless factor

C s Cover Marcgesd Factor

- Practice F€actor

F"r TLL"Q @op 'f‘v\: Q\q( &flde_‘.' S{OP¢ - 8;6 I[“‘,ﬂ.r 330 F"P

R= oo
K=o0.29
LS: O 4 A:(mo)(oas}@-qrf)(on)@-ﬂ
N 1Y )
P:- o9 = /'07 "Hh./#c ug

For 2mes oF Firal Cover . Scope = 25% Aagtes (20

R:= oo
K:‘ o279 A = Goo)(gd.‘!){'?.é{{}(b-r}(c)w?)
LS=x 76¢
£z & = 200 -rou/,q,(._ ok,
P=o:q

. Alo TATedmed)ate Swhies (5 RERUIRE Y.
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Ve~

Fig.5.2 R values for areas east of 104°, Because of irregular topography in the west
United States, calculate R values in this region by using local rainfall data. R is in w
of 100 ft - tons/acre per in/hr. To convert R to units of 107 J/ha per mm/hr, multiply
1.70. {20) Scale is in miles.

9 50100 200 300 400 500
e ———




Estimating Soil Loss

5.23

TABLE 5.6 C Values for Soil Loss Equation*

Soil loss
Type of cover C factor reduction, %

None 1.0 0
Native vegetation (undisturbed) 0.01 99
Temporary seedings:

905;’:] :ger, annfal grasses, no mulch ."!. 90

Wood fiber mulch, % ton/acre (1.7 t/ha), with seedt 0.5 50
Excelsior mat, jutef 0.3 70
Straw mulcht

1.5 tons/acre (3.4 t/ha), tacked down 0.2 80

4 tons/acre (9.0 t/ha), tacked down 0.05 95

*Adapted from Refs. 11, 15, and 20
tFor slopes up to 2:1.

5.24

Erosion and Sediment Control Handbook

TABLE 5.7 P Factors for Construction Sites (Adapted from Ref. 15)

Surface condition P value
Compacted and smooth 1.3
Trackwalked along contour* 1.2
Trackwalked up and down siopet
Punched straw 0.9
Rough, irregular cut 0.9
Loose to 12-in (30-cm) depth 0.8

*Tread marks oriented up and down slope.
tTread marks oriented parallel to contours, as in Figs. 6.9 and 8.10.

TABLR 5. APPROXIMATE VATLUES OF FACTOR K FOR
USDA TEXTURAL CLagspsll

—genic metter content

Texture class <Q.5% 2% 4%

K K K
Sand 0.05 0.03° ' 0.02
Tine sand .16 Lk .10
Very fine sand Jh2 .36 .28
Ioamy sand 12 J0 .08
Iﬂw Iina mﬁ 02}4 -'ao ;-16
Ioamy very fine sand ik T .38 .30
Sandy loam .27 .2k -
Vexy fine ssndy lcam AT B .33
Loem .38 .3h .20
81kt lomm R .33
Silt .60 .52 b2
Sendy olesy loan .21 (-25) 21
Clay loam .28 .25 YAEZ o1
812ty cley loem .37 3 02 56
Sandy clay b .13 A2
Siity cley -85 .23 a9
Clay 0.15-0.29

The values shown are estimated pverages of broad
ranges of specific-sodl values, When & texture is
near the borderline of two texture clissges, use
the average of the two K values. -

12
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TABLE 5.5 LS Values* (10)
LS values for following slope lengths I, It {m)
Slope
Slope gradieni 10 20 30 40 50 60 70 80 90 100
ratio 5, %o (30) (6.1) (9.1) (12.2) (15.2) (18.3) (21.3) (24.4) (274) (30.5)
0.5 0.06 007 007 008 008 009 009 009 009 010
100:1 1 008 0090 010 010 011 011 012 012 012 012
2 010 012 014 015 016 017 018 019 019 020
3 014 018 020 022 023 025 026 027 028 029
4 016 021 025 028 030 033 035 037 038 040
20:1 5 017 024 029 034 038 041 0456 048 051 053
6 021 030 037 043 048 052 056 060 064 067
7 026 037 045 052 058 064 069 074 078 082
12%:1 8 031 044 054 063 070 097 083 089 094 099
9 037 052 064 074 083 081 098 105 L11  1L17
10:1 10 043 061 075 087 097 1.06 115 1.22 130 137
11 050 071 086 100 112 1.22 132 141 150 158
8:1 12.5 061 086 1.056 122 138 149 1.61 1.72 182 192
15 081 1.14 140 162 1Bl 198 214 220 243 256
6:1 16.7 096 136 167 192 215 236 254 272 288 304
b:1 20 1.20 182 223 258 288 316 341 3656 387 4.08
41 22 151 213 261 3.02 337 369 399 427 453 477
4:1 25 1.86 263 323 373 416 456 493 527 559 589
30 251 356 436 503 562 616 666 711 754 795
a:1 333 298 422 517 596 667 7.30 7.89 843 895 0.43
a5 323 457 560 646 7.23 792 855 914 970 10.22
24:1 40 400 566 693 800 895 9.80 1059 1132 1200 1265
45 481 680 833 961 1095 1177 1272 13.60 14.42 15.20
2:1 50 564 7.97 9.76 11.27 1260 13.81 1491 1594 1691 17.82
a5 6.48 916 11.22 1296 1448 1587 17.4 1832 1943 2048
1%:1 a7 6.82 9.64 11.80 1363 1524 16.69 18.03 19.28 20.45 21.556
60 7.32 1035 12.68 14.84 1637 17.93 19.37 20.71 21.96 23.156
1%:1 66.7 8.44 1193 14.61 16.88 18.87 20.67 2232 23.87 256.31 26.68
70 BO8 1270 1555 17.96 20,08 21.99 23.75 2539 26.93 28.39
75 978 13.83 1694 19.56 21.87 2395 2687 27.66 29.34 30.92
1%:1 80 10.556 14.93 18.28 21.11 23.60 25.85 27.93 20.85 31.66 33.38
85 11.30 1598 19.58 22.61 25.27 27.69 29.90 3197 3391 35.74
90 12.02 17.00 20.82 24.04 26.88 29.44 3180 34.00 36.06 38.01
95 1271 17.97 2201 2541 2841 31,12 33.62 3584 38.12 40.18
1:1 100 13.36 1889 23.14 26.72 20.87 3272 35634 37.78 40.08 42.24
*Caleulated from
65.41 X §* 456 X 5 LA™
LS = (3—-—-—1 T 10,000 + TF#S = 10,000 + 0,065) (7—2—5) LS = topographic factor

1 = slope length, ft (m X 0.3048)

s = slope steepness,
P

m=

3

upon slope

(0.% for slopes < 1%, 0.3 for slopes 1 to 3%,
0.4 for slopes 3.5 to 4.5%, and
0.5 for slopes = 5%)

LS values for following slope lengths I, ft (m)

150 200 250 300 350 400 450 500 600 700 800 900
! (46) (61) (76) (91) (107) (122) (137) (152) (183) (213) (244) (274)

010 011 011 012 012 013 013 013 014 014 014 015
0.14 014 0156 016 016 016 017 017 018 018 019 019
023 025 026 028 020 030 032 033 034 036 037 039
032 035 038 (0.40 042> 043 045 046 049 051 054 0556
0.47 053 058 0.62 066 070 073 076 082 087 092 096

| 066 076 085 093 1.00 1.07 113 1.20 131 142 151 160
082 095 106 116 1.26 134 143 150 1656 178 180 202
1.01 L17 130 1.43 154 166 175 184 202 218 233 247
! 1.21 140 157 172 1.85 198 210 222 243 262 280 297
144 1.66 185 203 219 235 249 262 287 310 332 352

168 1.94 216 227 "2566 274 290 3.06 335 362 387 411
193 223 250 274 295 316 3.36 3563 387 418 447 474
| 245 272 304 3.33 359 3.84 408 430 471 508 543 576
.13 362 405 443 479 512 543 572 627 677 724 7.68
472 430 481 527 569 6.08 645 680 745 B804 860 9.2

176" 500 577 645 7.06 7.63 816 865 9.12 999 1079 1154 1224
& = 584 6.75 7.54 826 B892 9.54 10.12 1067 11.68 1262 1349 1431
786 .31 10.20 11,02 11.78 12.49 1317 1443 1558 1666 17.67
A ITOS 12,57 1377 14.88 1591 16.87 17.78 1948 2104 2249 23.86

11.56 13.34 1491 16.33 17.64 18.86 20.00 21.09 23.10 24.95 2667 28.29
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15.50 17.89 20,01 21.91 23.67 25.30 26.84 2820 3099 33.48 3579 37.96
18.62 21.50 24.03 26.33 28.44 30.40 32.24 33.99 387.23 40.22 4299 45.60
21.83 25.21 28.18 30.87 33.34 35.65 37.81 30.85 43.66 47.16 5041 53.47
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37.87 43.73 4B.89 53.56 57.85 61.85 65.60 68.15 7575 B81.82 8746 9277

40,88 47.20 52.77 57.81 62.44 66.75 70.80 74.63 8176 88.31 9441 100.13
43.78 50.55 56.51 61.91 66.87 71.48 75.82 79.92 8755 94.57 101.09 107.23
46.55 53.76 60.10 65.84 71.11 76.02 80.63 84.99 9311 100.57 107.51 114.03
49.21 56.82 £3.53 69.59 76.17 80.36 85.23 B89.8B4 98.42 106.30 113.64 120.54
51.74 59.74 66.79 73.17 79.03 84.49 89.61 94.46 103.48 111.77 119.48 126.73
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Storm Water Management Calculations

Purpose:

The purpose of the storm water runoff calculations is to demonstrate that the proposed landfill surface
water management system design meets the requirements of the Wisconsin Administrative Code,
504.09.

Existing Features:

Currently Phase 1 and 2 of the landfill have final cover in place. The final cover includes a grass
surface. Phase 3, Module 1 has been constructed and is full of ash but does not have final cover in
place. Phase 4, Module 1 was constructed in the summer of 2014 and is accepting ash.

Surface water runoff from final cover areas discharges to an existing sedimentation basin at the north
end of the landfill. Surface water runoff that comes in contact with ash discharges to the contact water
basin located along the western side of the facility, which is managed separately from the non-contact
runoff (refer to Section 2.7 of the Plan Modification report). An additional existing detention basin is
located north of the landfill detention/sedimentation basin to treat off-site runon. Because the plan
modification does not affect off-site runon or the existing detention basin, these storm water
management calculations do not include modeling of these areas/features.

From the discharge of the existing detention/sedimentation basins, runoff ultimately discharges off-site
via two culverts: 1) a 36-inch diameter culvert under the railroad tracks to the west of the site and 2) a
24-inch diameter culvert under the railroad tracks to the west of the site. The culverts are shown on
Figure F1.

Approach:

Final Cover Soil Loss

The Universal Soil Loss Equation (USLE) was used to estimate soil loss along the final cover slopes.
The USLE estimates the final cover soil erosion based on the erodibility of the soil, the rainfall and
runoff erosivity, the slope steepness, cover management, and soil practice factors. A maximum soil
loss of 3 tons per acre is considered acceptable.

Hydrograph Generation

To properly size the storm water management features, runoff hydrographs for the 25-year, 24-hour,
and 100-year, 24-hour, storm events were developed. HydroCAD was used to model the storm water
management system and develop the hydrographs using TR-20 methodologies. The model is
designed to simulate the surface runoff response of a watershed to a precipitation event. Input
parameters for the model include precipitation depth for the design storm event, contributing drainage
areas, runoff curve numbers, time of concentration, and travel time.

The final cover watersheds are shown on Figures F-1 and F-2.

Perimeter Ditch and Diversion Berm Sizing

Perimeter ditches and diversion berms were sized for the 25-year, 24-hour storm event using the
Manning's equation to determine the depth of flow and velocity in the berm/ditch based on the
berm/ditch geometry and peak flow in the berm/ditch (as determined by the Hydrograph Generation
calculations). The drainage areas for the diversion berms are included in Figure F2.

Downslope Flume and Energy Dissipator Sizing
The downslope flume inlets were sized for the 25-year, 24-hour storm event using the orifice equation.
The downslope flume pipes were sized based on the peak flow conditions in the pipe using Manning's
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equation. Energy dissipators were sized using tables from the reference book “Hydraulic Design of
Energy Dissipators for Culvert and Channels,” US Department of Transportation, Federal Highway
Administration, July 20086.

Culvert Sizing
The culverts were sized for the 25-year, 24-hour storm event using the HY-8 computer model

developed by the US Department of Transportation, Federal Highway Administration. Culvert outlet
protection was sized using guidance from the Wisconsin DOT Permissible Velocities for Riprap Lined
Ditches, Procedure 13-30-10.

Sedimentation Basin Sizing

The sedimentation basin sizing process involved determining an appropriate ratio of surface area to
flow rate that would allow particles to settle out during a design storm event. The sedimentation basins
were sized for the 25-year, 24-hour storm event. The sedimentation basin emergency spillway were
sized for the 100-year, 24-hour storm event.

A table presented in the “Erosion and Sediment Control Handbook” (Goldman, et. Al., 1986) provides
the surface area-to-discharge ratio required to achieve settlement of the desired particle sizes.

The HydroCAD model was used in conjunction with accepted formulas and engineering calculations to
evaluate the ability of the sedimentation basin to meet the requirements of NR 504.09.

Key Assumptions:
¢ Runoff curve numbers were based on tables presented in Urban Hydrology for Small
Watersheds, and were assumed as follows

Cover Type CN
Landfill final cover 79 — Open spaces (lawns, parks, etc) in
fair condition with hydrologic soil group C
Sedimentation basin 98 — Water surface

¢ A Type Il rainfall distribution was used, based on The NOAA Atlas 14, Precipitation Frequency
Data Server for Sheboygan Falls, WI (page 4 ). The following precipitation depths were

assumed.
Storm Event Precipitation Depth (inches)
25-year, 24-hour 479
100-year, 24-hour 6.55

¢ Other assumptions are included with the calculations attached to this appendix.

Results:
The proposed landfill surface water management system design meets the requirements of the
Wisconsin Administrative Code, 504.09. Further details are provided below.

Soil Loss

The USLE calculations indicate a minimal soil loss rate along the 3% and 4:1 final cover sideslopes.
Although the calculations indicate no diversion berms are needed, berms have been designed upslope
of the final cover slope transition. Experience has shown these transition points are sometimes more
susceptible to erosion, so the added berms provide protection. Refer to the USLE Calculations section
of this appendix for the detailed calculations.
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Hydrograph Generation
The hydrograph modeling results for the 25-year and 100-year, 24-hour storm events are included the
Hydrograph Generation section of this appendix.

Perimeter Ditch and Diversion Berm Sizing

The diversion berms will be constructed as shown on the plan set. The diversion berms will maintain a
minimum 0.5 foot freeboard. Refer to the Diversion Berm and Ditch Sizing section of this appendix for
the detailed caiculations.

The perimeter ditches will be constructed as shown on the plan set. The perimeter ditches will contain
the runoff from the 25-year, 24-hour storm event and maintain a minimum 0.5 foot of freeboard.
Erosion matting will be used where ditch velocities exceed 5 feet per second. Refer to the Diversion
Berm and Ditch Sizing section of this appendix for the detailed calculations.

Downslope Flume and Energy Dissipator Sizing

The downslope flumes will be constructed as shown on the plan set. The downslope flumes are
designed to accommodate the surface water runoff from the final cover for a 25-year, 24-hour storm
event. Energy dissipators at the bottom of the downslope flumes have been designed to handle the
peak velocities, and additional riprap protection has been sized for the energy dissipator outlets. Refer
to the Downslope Flume and Energy Dissipator Sizing section of this appendix for the detailed
calculations.

Culvert Sizing
The culverts are designed to accommodate the flows from the perimeter ditches for the 25-year, 24-

hour storm event. Riprap outlet protection has been sized based on the discharge rates and outlet
velocities. Refer to the Culvert Sizing section of this appendix for the detailed calculations.

Sedimentation Basin Sizing

The outlet structure for the detention/sedimentation basin is sized to control runoff from the 25-year,
24-hour storm event, assuming the starting water elevation is at the bottom of the lowest outlet
structure opening. The sedimentation basin is designed to settle out particles 0.01 microns and larger
in diameter. Refer to the Sedimentation Basin Sizing section of this appendix for the detailed
calculations. The emergency spillways have been designed to pass the 100-year, 24-hour storm
event.

[1\25214060\Caiculations\Stormwater\SW Calcs Writeup 021115.doc




1/6/2015 Precipitation Frequency Data Server

NOAA Atlas 14, Volume 8, Version 2 o /’ff

Location name: Sheboygan Falls, Wisconsin, US* 4%
Latitude: 43.6942°, Longitude: -87.7645°
Elevation: 718 ft*

* source: Google Maps TR e

1 KONy

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Deborah Martin, Sandra Pavlovic, Ishani Roy, Michae! St. Laurent, Car Trypaluk,
Dale Unruh, Michael Yekta, Geoffery Bonnin

NOAA, National Weather Service, Silver Spring, Maryland

PE_tabular | PF_graphical | Maps_&_aerials

PF tabular
] PDS-based point precipitation frequency estimates with 30% confidence intervals (in inches)1
Durati Average recurrence interval (years) l
uration
[ 1 [ 2 J[ s [ 10 ] 25 ] s0 [ 100 |[ 200 | s00 | 1000 |
5-mi 0.325 0.388 0.488 0.568 0.674 0.753 0.829 0.903 0.997 1.06
-min (0.258-0.409)/(0.307-0.488)|(0.385-0.615)|(0.447-0.717){|(0.514-0.858)}|(0.565-0.966){|(0.607-1.07)||(0.641-1.19)|/(0.688-1.33) {(0.722-1.43)
10-mi 0.476 0.568 0.714 0.832 0.987 1.10 1.21 1.32 1.46 1.56
-min (0.377-0.599){|(0.450-0.715)||(0.564-0.900)|| (0.654-1.05) || (0.753-1.26) || (0.828-1.41) 1|(0.889-1.57)|(0.939-1.74)}| (1.01-1.94) | (1.06-2.10)
15-mi 0.581 0.693 0.871 1.01 1.20 1.34 1.48 1.61 1.78 1.90
-min (0.460-0.730)}((0.549-0.872)}| (0.688-1.10) || (0.798-1.28) || (0.918-1.53) || (1.01-1.72) |} (1.08-1.92) || (1.15-2.12) || (1.23-2.37) |} (1.29-2.56)
30-mi 0.805 0.963 1.21 1.41 1.68 1.87 2.05 2.23 245 2.60
-min (0.638-1.01) || (0.763-1.21) {[ (0.959-1.53) || (1.11-1.78) || (1.28-2.13) || (1.40-2.39) || (1.50-2.66) || (1.58-2.92) || (1.69-3.26) || (1.77-3.51)
60-mi 1.04 1.24 1.55 1.81 2.16 243 2.69 2.96 3.30 3.56
-min (0.823-1.31) || (0.978-1.55) || (1.23-1.96) || (1.43-2.29) || (1.66-2.76) || (1.83-3.13) || (1.98-3.50) || (2.10-3.90) || (2.28-4.41) || (2.42-4.79)
2:h 1.27 1.51 1.89 2.21 2.65 3.00 3.34 3.69 416 4.51
-hr (1.02-1.58) || (1.21-1.87) |} (1.51-2.35) || (1.76-2.75) || (2.06-3.36) || (2.28-3.82) || (2.48-4.31) || (2.65-4.83) || (2.90-5.52) || (3.08-6.04)
3-h 1.42 1.67 2.09 245 2.97 3.38 3.81 4.25 4.86 5.34
-nr (1.15-1.75) || (1.35-2.06) || (1.69-2.58) {| (1.97-3.03) || (2.33-3.75) || (2.60-4.30) || (2.85-4.90) || (3.08-5.55) || (3.41-6.44) || (3.66-7.11)
6-h 1.69 1.96 2.45 2.89 3.54 4.09 4.67 5.30 6.19 6.91
-r (1.39-2.05) || (1.61-2.39) || (2.00-2.98) || (2.35-3.52) || (2.83-4.46) || (3.19-5.17) || (3.54-5.99) || (3.88-6.90) || (4.39-8.18) || (4.77-9.15)
12-h 1.97 2.27 2.83 3.35 4.16 4.85 5.61 6.44 7.63 8.60
-hr (1.64-2.36) || (1.89-2.73) || (2.34-3.40) || (2.76-4.04) || (3.38-5.21) || (3.84-6.10) || (4.31-7.15) || (4.77-8.34) || (5.46-10.0) [| (5.98-11.3)
24-h 2.26 2.59 3.23 3.84 4.79 5.63 6.55 7.57 9.04 10.3
-nr (1.90-2.67) || (2.18-3.07) || (2.71-3.82) || (3.20-4.56) || (3.95-5.96) || (4.51-7.01) || (5.09-8.28) || (5.66-9.73) || (6.52-11.8) || (7.18-13.4)
2.d 2.57 293 3.63 4.30 5.37 6.31 7.36 8.52 10.2 11.6
-day (2.20-3.00) || (2.50-3.42) || (3.08-4.23) || (3.63-5.04) || (4.48-6.60) || (5.12-7.79) || (5.78-9.22) || (6.43-10.9) || (7.43-13.3) {| (8.18-15.1)
3.d 2.82 3.18 3.87 455 5.65 6.62 7.70 8.90 10.7 121
-day (2.43-3.26) || (2.73-3.67) || (3.31-4.48) || (3.88-5.29) || (4.75-6.90) || (5.41-8.11) || (6.08-9.60) || (6.76-11.3) || (7.80-13.8) || (8.58-15.7)
4d 3.03 3.40 4.10 4.79 5.91 6.89 7.99 9.22 1.0 12.5
-day (2.63-3.48) || (2.93-3.90) || (3.53-4.72) || (4.11-5.54) || (4.99-7.17) || (5.66-8.40) || (6.34-9.92) || (7.02-11.7) || (8.07-14.2) || (8.86-16.1)
7-d 3.55 3.98 4.80 5.57 6.77 7.81 8.95 10.2 12.0 13.5
ay (3.10-4.03) || (3.48-4.53) || (4.18-5.46) || (4.82-6.36) || (5.75-8.09) || (6.46-9.39) || (7.14-11.0) || (7.81-12.8) || (8.84-15.4) || (9.62-17.3)
10-d 4.01 4.52 5.43 6.27 7.54 8.61 9.77 11.0 12.8 14.3
-day (3.54-4.52) || (3.98-5.10) || (4.76-6.14) || (5.47-7.11) || (6.42-8.90) || (7.14-10.3) || (7.82-11.9) |[ (8.46-13.7) || (9.46-16.3) | (10.2-18.2)
20-d 5.45 6.09 7.20 8.16 9.54 10.7 118 13.0 14.7 16.0
ay (4.87-6.05) || (5.44-8.77) || (6.41-8.02) || (7.21-9.12) || (8.18-11.0) || (8.91-12.4) |[ (9.53-14.1) | (10.1-16.0) || (10.9-18.5) || (11.6-20.4)
30-day 6.71 7.47 8.74 9.80 113 124 13.6 14.8 16.4 17.6
(6.05-7.38) || (6.73-8.23) || (7.84-9.65) || (8.74-10.9) || (9.71-12.9) || (10.4-14.4) || (11.0-16.1) || (11.5-17.9) || (12.2-20.4) || (12.7-22.2)
45-d 8.35 9.29 10.8 12.0 13.7 14.9 16.1 17.2 18.7 19.8
ay (7.59-9.11) || (8.44-10.1) || (9.78-11.8) || (10.8-13.2) {| (11.8-15.4) || (12.6-17.0) || (13.1-18.8) || (13.4-20.7) || (14.0-23.1) || (14.4-24.9)
60-d 9.78 109 12.7 14.0 15.8 171 18.3 19.5 20.9 21.9
-aay (8.94-10.6) || (9.96-11.8) || (11.5-13.8) || (12.7-15.3) || (13.7-17.7) || (14.5-19.4) || (15.0-21.3) || (15.2-23.3) || (15.6-25.7) || (15.9-27.5)
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.

Back to Top

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.htm| 2 at=43.69428lon=-87.76458data=depth&units=english&series=pds 1/4
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USLE Calculation



Calc. No.

Rev. No.
Job No. 25214060 Job: |-43 Landfill Plan Modification By: KRG Date: 1/30/15
Client: Alient Energy Subject: Soil Loss Along Final Cover Chik'd: Date:

Universal Soil Loss Equation (USLE) Calculation

Use USLE to estimate soil loss along the 3% final cover slope, with the goal of maintaining £ 3 ton/acre of soil loss

along the final cover.

USLE Equation:
A=R*¥K*¥LS*C*P
where: A = Average annual soil loss, ton/acre
R = Rainfall and runoff erosivity index
K = Soil erodibility factor, tons/acre

LS = Slope length and steepness factor

C = Cover management factor

= Practice factor

The LS factor is a function of the slope and flow length.
LS=L*S
where: L = Slope length factor = {1/72.6)"m
where: | = Slope length, feet
m = Slope-length exponent (m = 0.3 for slopes of 1% to 3%
m = 0.4 for slopes of 3.5% to 4.5%
m = 0.5 for slopes greater than 5%)
S = Slope steepness factor = (65.415"2/(s*2 + 10,000)) + (4.56s/(SQRT(s*2 + 10,000))) + 0.065
where: s = Slope, in percent

The soil type chosen for selecting the appropriate K factor is an estimate of silt loam for the topsoil.

Data Entered Data Computed
Slope (%),s= 3 S= 0.26
= 340 L= 1.6
m= 0.3 LS = 0.4

Calculate Average Annual Soil Loss, A:

R= 100 *
K= 042 *
LS= 0.4 A=R*K*LS*C*Pp = 0.1 tons/acre
C= 0.004 *
P= 10 =*

*  See attached references for R, K, C, and P factors

Soil loss along the 3% slope of the final cover results in minimal soil loss.

1\25214060\Calculations\Stormwaten\USLE



Calc. No.
Rev. No.
Job No. 25214060 Job: 1-43 Landfill Plan Modification By: KRG Date: 1/30/15
Client: Alient Energy Subject: Soil Loss Along Final Cover Chk'd: Date:

Universal Soil Loss Equation (USLE) Calculation

Use USLE to estimate soil loss along the 4:1 final cover slope, with the goal of maintaining € 3 ton/acre of soil loss
along the final cover.

USLE Equation:
A=R*K*LS*C*P
where: A = Average annual soil loss, ton/acre
R = Rainfall and runoff erosivity index
K = Soil erodibility factor, tons/acre
LS = Slope length and steepness factor
C = Cover management factor

P = Practice factor

The LS factor is a function of the slope and flow length.
LIS=L*S
where: L = Slope length factor = (I/72.6)"m
where: | = Slope length, feet
m = Slope-length exponent {m = 0.3 for slopes of 1% to 3%
m = 0.4 for slopes of 3.5% to 4.5%
m = 0.5 for slopes greater than 5%)
S = Slope steepness factor = {65.415"2/(s"2 + 10,000)) + (4.565/(SQRT(s*2 + 10,000))) + 0.065
where: s = Slope, in percent

The soil type chosen for selecting the appropriate K factor is an estimate of silt loam for the topsoil.

Data Entered Data Computed
Slope (%), s = 25 S= 5.02
1= 136 L= 1.4
m= 05 1S = 6.9

Calculate Average Annual Soil Loss, A:

R= 100 *

K= 042 *
Is= 6.9 A=R*K*LS*C*P = 1.2 tons/acre
C= 0.004 *

pP= 1.0 *

* See attached references for R, K, C, and P factors

Soil loss along the 4:1 slope of the final cover results in minimal soil loss.
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- ,

soil in a unit plot, pinpoints differences in erosion according to differ-
ences in soil type. Long-term plot studies under natural rainfall have pro-
duced X values generalized in Table 5 for the USDA soil types. :

TABLE 5. APPROXIMATE VALUES OF FACTOR X FOR
USDA TEXTURAL CTASSES!1

Organic matter content

Texbure class 0. 5% 2% 4%

K X K
Sand 0.05 0.03 - 0.02
Fine sand .16 L1k .10
Very fine sand a2 .36 .28
Loamy sand .12 .10 .08
Loamy fine sand .24 .20 .16
loamy very fine sand Sl .38 »30
Sandy loam .27 .24 .19
Fine sandy losm , .35 .30 .24
Very fine sandy loam U7 b1 .33
Loam .38 .34 .29
Silt loam .48 C {ﬁga .33
Silt .60 .52 b2
Sandy clay loam .27 .25 .21
Clesy losm .28 - .25 .21
Silty cley loam .37 .32 .26
Sandy clay .1k .13 .12
8ilty clay .25 .23 .19
Clay 0.13-0.29

The values shown are estimated averages of broad
renges of specific-sgoil values. When a texture is
near the borderline of two texture classes, use
the average of the two K values. :

The evaluator must next comsider the shape of the slope in terms of
length and inclination. The appropriate LS factor is obtained from Table 6.
A nonlinear slope may have to be evaluated as a series of segments, each with
uniform gradient. Two or three segments should be sufficient for most engi-
neered landfills; provided the segments are selected so that they are also
of equal length (Table 6 can be used, with certain adjustments). Enter:
Table 6 with the total slope length and read LS values corresponding to the
percent slope of each segment. For three segments, multiply the chart LS
values for the upper, middle, and lower segments by 0.58, 1.06, and 1.37,
respectively. The average of the three products is a good estimate of the
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TABLE 7. GENERALIZED VALUES OF FACTOR ¢ FOR STATES
EAST OF THE ROCKY MOUNTAINS!1

Productivity level

-

Crap, rotation, and management ' High Mod,
C value

Base value: continuous fallow, tilled up and down slope 1.00 1.00

‘CORN .
C, RdR, fall TP, conv 0.34 0.62
C, RdR, spring TP, conv : .50 .59
C, RdL. fall TP, conv : 42 .52
C, RdR, we seeding, spring TP, conv .40 49
C, Rd1, standing, spring TP, conv .38 48
C-W-M-M, RdL, TP for C, disk for W . 039 | N4
C-W-M-M-M, RdL, TP for C, disk for W 032 061
C, no-till pl in ok sod, 95-80% rc ‘ 017 053

COTTON
Cot, conv (Western Plains) 042 0.49
Cot. conv (South) 34 40

3

MEADOW ‘ p—
Grass & Legume mix (0.004 } 0.01
Alfalfs, lespedeza or Sericia - o 020
Sweet clover .. 025

SORGHUM, GRAIN (Western Plains)
RdL, spring TP, conv 0.43 0.53
No-tilf p1 in shredded 70-30% rc A1 18

SOYBEANS .
B, RdL, spring TP, conv 0.48 Q.54
C-B, TP annually, conv 43 . 51
B, no-til pt . 22 .28
C-B, no-till pl, fall shred Cstalks : .18 22

WHEAT
W-F, fall TP after W : 0.38
W-§¥, stubble mulch, 500 lbsxc ' 32
W-F, stubble mulch, 1000 fbsrc _ 21

Abbreviations defined: )

B -soybeans F - fallow

C ~com ) M - grass & legume hay

¢ ¥ - chemically kilied pl - plant ‘

conv - conventional W' - wheat

cot - cotlon ' wc - winter caver

fbs re - pounds of crop residue per acre remaining on surface after new crop seeding

%re - percentage of soil surface covered by residue mulch after new crop sceding

70-50% rc - 70% cover for C values in first column; 50% for s¢cond column

RdR - residucs (corn stover, straw, etc.) removed or burned

RdL - ail residucs left on field {on suzface or incorporated)

TP = turn plowed {upper § or more inches of soil inverted, cavering residues)
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are listed in Table 8. These values ‘are based on rather limited field data,
but P has a narrower range of poss1ble values than the other flve factors

TABLE 8. VALUES OF FACTOR P

Land sldﬁe'(percer‘n)

Practice 1.1-2 2.1-7 7112 | 12.1-18 18.1-24

(Pactot P) - o

Contouring (Po) o 0.60 0.50 0.60 0.80 - 0.90  °
Contour stnp cropping (Pge) T | ‘
R-R-M-M 0.30 0.25 0.30 ‘ 040 " 0.45
R-WMM _ 0.30 0.25 630 | 040 0.45
R-R-W-M - : 0.45 0.38 0.45 0.60 « L 068
R-W . 0.52 0.44 0.52 0.70 0.90

R-O ) 060 0.50 0.60 .. 0.80 . - .}F ‘090

Contour listing or ridge planting :
(Pe1) 0.30 0.25 0.30 0.40

Contour terracing ®p? 30.6/0 0.5/ 0.6/ 0.8h/m .
No support practice 1.0- 1.0 " L0 (faww

s e s e

'r= rowerop, W = fall-seeded grain, O = spnng-seeded grain, M = meadow. The Crops are grown in rot.mon and s0 arranged on
the t“ eld that rowcrop strips are always separated by a meadow or winter-grain strip.
2 These Py values estimate the amount of soil eroded to the terrace channels and are used for conservanon plannmg For predxction
of off-field sediment, the Py values are multiplied by 0,2,
3 1 = number of approximately equal-length intervals into which the field slope is divided by the terrace& Tﬂlage operations must
be parallel to the terraces.

Example: An owner/operator proposes to close one sec-
tion of his small landfill with a sandy clay subsoil-: ..
cover having the surface configuration shown in Fig-

ure 21. The factor R has been established as 200 for .
this locality. The evaluator questions anticipated
erosion along the steep side and assigns the following
values to the other factors in the USLE after 1nspect1ng
Tables 5 through 8: : L. Lo, -

K=0.14 IS = 8.3 ¢ =1.00 P = 0.90

The rate of erosion for the steep slope of the landfill | .‘.m7”
is calculated as follows: :

= 200 (O 14 tons/acre) (8 3) (1 00) (0 90)
209 tons/acre

This erosion not only exceeds a limit'recommended by the .
permitting authority but also indicates a potential S .
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Hydrograph Generation

e 25-year, 24-hour Storm Event
e 100-year, 24-hour Storm Event



25-year, 24-hour Storm
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Type Il 24-hr 25-yr Rainfall=4.79"

1-43 Landfill 2

Prepared by SCS Engineering Printed 2/19/2015

HydroCAD® 8.50 s/n 005804 © 2007 HydroCAD Software Solutions LLC Page 2
Summary for Subcatchment 1S: Area 1

Runoff = 3.71cfs @ 12.08 hrs, Volume= 0.227 af, Depth> 2.42"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 25-yr Rainfall=4.79"

Area (ac) CN Description
* 1.130 79
1.130 Pervious Area

Tc Length Slope Velocity Capacity Description

(min) (feet) (ft/ft)  (ft/sec) (cfs)
13.5 100 0.0300 0.12 Sheet Flow,
Grass: Dense n=0.240 P2=2.59"
1.1 78 0.0300 1.21 Shallow Concentrated Flow,

Short Grass Pasture Kv=7.0 fps

12 223 0.0100 3.11 57.58 Trap/Vee/Rect Channel Flow, Intermediate Swale
Bot.W=0.00" D=1.00" Z=4.0 & 33.0'/' Top.W=37.00'
n= 0.030 Short grass

15.8 401 Total



1-43 Landfill 2 Type Il 24-hr 25-yr Rainfall=4.79"

Prepared by SCS Engineering Printed 2/19/2015
HydroCAD® 8.50 s/n 005804 © 2007 HydroCAD Software Solutions LLC Page 3

Summary for Subcatchment 2S: Area 2

Runoff = 245cfs @ 12.08 hrs, Volume= 0.149 af, Depth> 2.42"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type ll 24-hr 25-yr Rainfall=4.79"

Area (ac) CN Description
* 0.740 79
0.740 Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (f/ft)  (ft/sec) (cfs)

13.5 100 0.0300 0.12 Sheet Flow,
Grass: Dense n=0.240 P2=2.59"
1.0 70 0.0300 1.21 Shallow Concentrated Flow,

Short Grass Pasture Kv=7.0 fps

1.0 196 0.0100 3.1 57.58 Trap/Vee/Rect Channel Flow, Intermediate Swale
Bot.W=0.00' D=1.00' Z=4.0& 33.0"/" Top.W=37.00'
n= 0.030 Short grass

16.5 366 Total



1-43 Landfill 2 Type Il 24-hr 25-yr Rainfall=4.79"

Prepared by SCS Engineering Printed 2/19/2015
HydroCAD® 8.50 s/n 005804 © 2007 HydroCAD Software Solutions LLC Page 4

Summary for Subcatchment 3S: Area 3

Runoff = 6.61cfs@ 12.09 hrs, Volume= 0.414 af, Depth> 2.41"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type |l 24-hr 25-yr Rainfall=4.79"

Area (ac) CN Description
* 2.060 79
2.060 Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (f/ft)  (ft/sec) (cfs)

13.5 100 0.0300 0.12 Sheet Flow,
Grass: Dense n=0.240 P2=2.59"
2.5 182 0.0300 1.21 Shallow Concentrated Flow,

Short Grass Pasture Kv=7.0 fps

0.6 120 0.0100 3.1 57.568 Trap/Vee/Rect Channel Flow, Intermediate Swale
Bot.W=0.00' D=1.00' Z=4.0 & 33.0 /' Top.W=37.00'
n= 0.030 Short grass

16.6 402 Total



1-43 Landfill 2 Type Il 24-hr 25-yr Rainfall=4.79"

Prepared by SCS Engineering Printed 2/19/2015
HydroCAD® 8.50 s/n 005804 © 2007 HydroCAD Software Solutions LLC Page 5

Summary for Subcatchment 4S: Area 4

Runoff = 9.76 cfs @ 12.09 hrs, Volume= 0.616 af, Depth> 2.41"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 25-yr Rainfall=4.79"

Area(ac) CN Description
* 3.060 79
3.060 Pervious Area

Tc Length Slope Velocity Capacity Description
{min) (feet) (f/ft)  (f/sec) (cfs)

13.5 100 0.0300 0.12 Sheet Flow,
Grass: Dense n=0.240 P2=2.59"
2.1 155 0.0300 1.21 Shallow Concentrated Flow,

Short Grass Pasture Kv=7.0 fps

1.2 232 0.0100 3.1 57.58 Trap/Vee/Rect Channel Flow, Intermediate Swale
Bot.W=0.00" D=1.00' Z=4.0 & 33.0"/" Top.W=37.00'
n=0.030 Short grass

16.8 487 Total



1-43 Landfill 2 Type Il 24-hr 25-yr Rainfall=4.79"

Prepared by SCS Engineering Printed 2/19/2015
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Summary for Subcatchment 5S: Area 5

Runoff = 6.38cfs @ 12.09 hrs, Volume= 0.402 af, Depth> 2.41"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Hl 24-hr 25-yr Rainfall=4.79"

Area (ac) CN Description
* 2.000 79
2.000 Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)

13.5 100 0.0300 0.12 Sheet Flow,
Grass: Dense n=0.240 P2=2.59"
29 208 0.0300 1.21 Shallow Concentrated Flow,
Short Grass Pasture Kv= 7.0 fps
0.4 77 0.0100 3.1 57.58 Trap/Veel/Rect Channel Flow, Intermediate Swale

Bot.W=0.00' D=1.00' Z=4.0 & 33.0 /" Top.W=37.00'
n= 0.030 Short grass

16.8 385 Total



I-43 Landfill 2 Type Il 24-hr 25-yr Rainfall=4.79"

Prepared by SCS Engineering Printed 2/19/2015
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Summary for Subcatchment 6S: Area 6

Runoff = 7.37cfs@ 12.09 hrs, Volume= 0.465 af, Depth> 2.41"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 25-yr Rainfall=4.79"

Area (ac) CN Description
* 2.310 79
2.310 Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (f/ft)  (ft/sec) (cfs)

13.5 100 0.0300 0.12 Sheet Flow,
Grass: Dense n=0.240 P2=2.59"
3.0 215 0.0300 1.21 Shallow Concentrated Flow,
Short Grass Pasture Kv= 7.0 fps
0.3 62 0.0100 3.1 57.58 Trap/Veel/Rect Channel Flow, Intermediate Swale

Bot.W=0.00' D=1.00' Z=4.0 & 33.0"/" Top.W=37.00'
n=0.030 Short grass

16.8 377 Total



Type Il 24-hr 25-yr Rainfall=4.79"

1-43 Landfill 2

Prepared by SCS Engineering Printed 2/19/2015
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Summary for Subcatchment 7S: Area 7

Runoff = 741cfs @ 12.02 hrs, Volume= 0.381 af, Depth> 2.42"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type |l 24-hr 25-yr Rainfall=4.79"

Area(ac) CN Description

* 1.890 79
1.890 Pervious Area

Tc Length Slope Velocity Capacity Description

{(min) (feet) (ft/ft)  (ft/sec) (cfs)
9.6 65 0.0300 0.11 Sheet Flow,
Grass: Dense n=0.240 P2=2.59"
0.7 144 0.2500 3.50 Shallow Concentrated Flow,

Short Grass Pasture Kv=7.0 fps

10.3 209 Total



1-43 Landfill 2 Type Il 24-hr 25-yr Rainfall=4.79"

Prepared by SCS Engineering Printed 2/19/2015
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Summary for Subcatchment 8S: Area 8

Runoff = 6.83cfs @ 12.02 hrs, Volume= 0.353 af, Depth> 2.42"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type |l 24-hr 25-yr Rainfall=4.79"

Area (ac) CN Description
* 1.750 79
1.750 Pervious Area

Tc Length Slope Velocity Capacity Description
{min) (feet) (ft/ft)  (ft/sec) (cfs)

9.8 67 0.0300 0.11 Sheet Flow,
Grass: Dense n= 0.240 P2=2.59"
0.6 136 0.2500 3.50 Shallow Concentrated Flow,

Short Grass Pasture Kv= 7.0 fps

10.4 203 Total



Type Il 24-hr 25-yr Rainfall=4.79"

1-43 Landfill 2

Prepared by SCS Engineering Printed 2/19/2015

HydroCAD® 8.50 s/n 005804 © 2007 HydroCAD Software Solutions LLC Page 10
Summary for Subcatchment 9S: Area 9

Runoff = 3.33cfs@ 12.01 hrs, Volume= 0.167 af, Depth> 2.42"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 25-yr Rainfall=4.79"

Area(ac) CN Description
* 0.830 79
0.830 Pervious Area

Tc Length Slope Velocity Capacity Description

(min)  (feet) (fuft) (ft/sec) (cfs)
9.0 60 0.0300 0.1 Sheet Flow,
Grass: Dense n=0.240 P2=259"
0.7 145 0.2500 3.50 Shallow Concentrated Flow,

Short Grass Pasture Kv=7.0 fps

9.7 205 Total



1-43 Landfill 2 Type Il 24-hr 25-yr Rainfall=4.79"

Prepared by SCS Engineering Printed 2/19/2015
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Summary for Subcatchment 10S: Area 10

Runoff = 441cfs@ 12.06 hrs, Volume= 0.256 af, Depth> 2.42"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 25-yr Rainfall=4.79"

Area (ac) CN Description
* 1.270 79
1.270 Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (f/ft)  (ft/sec) (cfs)

1.5 82 0.0300 0.12 Sheet Flow,
Grass: Dense n=0.240 P2=2.59"
0.5 96 0.2500 3.50 Shallow Concentrated Flow,
Short Grass Pasture Kv= 7.0 fps
2.1 242 0.0100 1.93 1.93 Trap/Vee/Rect Channel Flow, Intermediate Swale on 4:1 Slope

Bot.W=0.00' D=0.50' Z=4.0"' Top.W=4.00' n=0.030

14.1 420 Total



1-43 Landfill 2 Type Il 24-hr 25-yr Rainfall=4.79"

Prepared by SCS Engineering Printed 2/19/2015
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Summary for Subcatchment 11S: Area 11

Runoff = 724 cfs @ 12.06 hrs, Volume= 0.423 af, Depth> 2.42"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 25-yr Rainfall=4.79"

Area (ac) CN Description
* 2.100 79
2.100 Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ftift)  (ft/sec) (cfs)

13.5 100 0.0300 0.12 Sheet Flow,
Grass: Dense n=0.240 P2=2.59"
0.2 12 0.0300 1.21 Shallow Concentrated Flow,
Short Grass Pasture Kv= 7.0 fps
0.6 120 0.2500 3.50 Shallow Concentrated Flow,

Short Grass Pasture Kv=7.0 fps

14.3 232 Total



1-43 Landfill 2 Type Il 24-hr 25-yr Rainfall=4.79"

Prepared by SCS Engineering Printed 2/19/2015
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Summary for Subcatchment 12S: Area 12

Runoff = 14.68 cfs @ 12.13 hrs, Volume= 1.021 af, Depth> 2.41"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 25-yr Rainfall=4.79"

Area(ac) CN Description
* 5.080 79

5.080 Pervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
19.9 163 0.0300 0.14 Sheet Flow,
Grass: Dense n=0.240 P2=2.59"
0.2 46 0.2500 3.50 Shallow Concentrated Flow,

Short Grass Pasture Kv= 7.0 fps

20.1 209 Total



1-43 Landfill 2 Type Il 24-hr 25-yr Rainfall=4.79"

Prepared by SCS Engineering Printed 2/19/2015
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Summary for Subcatchment 13S: Area 13

Runoff = 156.91cfs @ 12.08 hrs, Volume= 0.976 af, Depth> 2.42"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 25-yr Rainfall=4.79"

Area (ac) CN Description
* 4.850 79

4.850 Pervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)
13.5 100 0.0300 0.12 Sheet Flow,

Grass: Dense n=0.240 P2=2.59"

1.8 133 0.0300 1.21 Shallow Concentrated Flow,
Short Grass Pasture Kv= 7.0 fps

0.5 108 0.2500 3.50 Shallow Concentrated Flow,

Short Grass Pasture Kv= 7.0 fps

15.8 341 Total



Type Il 24-hr 25-yr Rainfall=4.79"
Printed 2/19/2015
Page 15

1-43 Landfill 2

Prepared by SCS Engineering
HydroCAD® 8.50 s/n 005804 © 2007 HydroCAD Software Solutions LLC

Summary for Subcatchment 14S: Area 14

Runoff = 497 cfs@ 12.01 hrs, Volume= 0.250 af, Depth> 2.42"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type I 24-hr 25-yr Rainfall=4.79"

Area (ac) CN Description
* 1.240 79

1.240 Pervious Area
Tc Length Slope Velocity Capacity Description
{min) (feet) (ft/ft)  (ft/sec) (cfs)
9.2 62 0.0300 0.11 Sheet Flow,
Grass: Dense n=0.240 P2=259"
0.5 111 0.2500 3.50 Shallow Concentrated Flow,

Short Grass Pasture Kv= 7.0 fps

9.7 173 Total
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Summary for Subcatchment 15S: Area 15

[49] Hint: Tc<2dt may require smaller dt
Runoff = 15.87 cfs @ 11.95 hrs, Volume= 0.661 af, Depth> 2.42"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type |l 24-hr 25-yr Rainfall=4.79"

Area (ac) CN Description
* 3.270 79
3.270 Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (f/ft)  (ft/sec) (cfs)

3.6 58 0.2700 0.27 Sheet Flow,
Grass: Dense n=0.240 P2=2.59"
0.6 145 0.0600 3.94 Shallow Concentrated Flow,

Unpaved Kv= 16.1 fps

42 203 Total
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Summary for Subcatchment 16S: Area 16

Runoff = 10.90cfs @ 12.03 hrs, Volume= 0.579 af, Depth> 2.42"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 25-yr Rainfall=4.79"

Area (ac) CN Description
* 2.870 79
2.870 Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)

10.9 44 0.0100 0.07 Sheet Flow,
Grass: Dense n=0.240 P2=2.59"
04 55 0.0200 2.28 Shallow Concentrated Flow,

Unpaved Kv= 16.1 fps

11.3 99 Total
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Summary for Subcatchment 30S: Detention/Sedimentation Basin

[46] Hint: Tc=0 (Instant runoff peak depends on dt)
Runoff = 60.20cfs @ 11.89 hrs, Volume= 2.833 af, Depth> 4.33"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 25-yr Rainfall=4.79"

Area (ac) CN Description
7.860 98 Water Surface
7.860 Impervious Area
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Summary for Subcatchment 31S: Phase 1 and 2

Runoff = 121.30cfs @ 12.23 hrs, Volume= 10.476 af, Depth> 2.40"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 25-yr Rainfall=4.79"

Area (ac) CN Description
* 52.300 79 Closed Landfill
52.300 Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (f/ft) (ft/sec) (cfs)

12.0 100 0.0400 0.14 Sheet Flow,
Grass: Dense n=0.240 P2=259"
4.8 400 0.0400 1.40 Shallow Concentrated Flow,

Short Grass Pasture Kv=7.0 fps

121 2,976 0.0120 4.10 55.37 Channel Flow, Perimeter Swale
Area= 13.5 sf Perim=16.3' r=0.83'
n= 0.035 Earth, dense weeds

289 3476 Total
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Summary for Reach 21R: West Swale

[62] Warning: Exceeded Reach 22R OUTLET depth by 1.93' @ 12.40 hrs

Inflow Area = 73.700 ac, 0.00% Impervious, Inflow Depth > 2.40" for 25-yr event
Inflow = 167.13 cfs @ 12.24 hrs, Volume= 14.740 af
Outflow = 146.77 cfs @ 12.51 hrs, Volume= 14.486 af, Atten=12%, Lag= 16.4 min

Routing by Stor-Ind+Trans method, Time Span= 1.00-20.00 hrs, dt=0.05 hrs
Max. Velocity= 2.67 fps, Min. Travel Time= 9.8 min
Avg. Velocity = 0.98 fps, Avg. Travel Time= 26.7 min

Peak Storage= 86,617 ¢f @ 12.35 hrs, Average Depth at Peak Storage= 2.46'
Bank-Full Depth= 3.00", Capacity at Bank-Full= 214.18 cfs

15.00' x 3.00' deep channel, n=0.030 Earth, dense weeds
Side Slope Z-value= 3.0'/' Top Width= 33.00'
Length=1,570.0' Slope= 0.0013 '/

Inlet Invert= 684.08', Outlet Invert= 682.00'
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Summary for Reach 22R: South Swale

Inflow Area = 13.630 ac, 0.00% Impervious, Inflow Depth > 2.41" for 25-yr event
Inflow = 42.53 cfs @ 12.07 hrs, Volume= 2.743 of
Outflow = 3546 cfs @ 12.29 hrs, Volume= 2.699 af, Atten=17%, Lag= 13.1 min

Routing by Stor-Ind+Trans method, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Max. Velocity= 4.03 fps, Min. Travel Time= 8.0 min
Avg. Velocity = 1.27 fps, Avg. Travel Time= 25.2 min

Peak Storage= 17,162 cf @ 12.16 hrs, Average Depth at Peak Storage= 0.71'
Bank-Full Depth= 2.00', Capacity at Bank-Full= 242.67 cfs

10.00' x 2.00' deep channel, n=0.030 Earth, dense weeds
Side Slope Z-value= 4.0 3.0'/" Top Width= 24.00'

Length= 1,925.0' Slope=0.0135"

Inlet Invert= 710.00", Outlet Invert= 684.08'
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Summary for Reach 28R: North Swale

Inflow Area = 13.160 ac, 0.00% Impervious, Inflow Depth > 2.42" for 25-yr event
Inflow = 39.81cfs@ 12.00 hrs, Volume= 2.652 af
Qutflow = 35.67 cfs@ 12.18 hrs, Volume= 2.620 af, Atten= 10%, Lag= 10.7 min

Routing by Stor-Ind+Trans method, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Max. Velocity= 4.31 fps, Min. Travel Time= 6.0 min
Avg. Velocity = 1.37 fps, Avg. Travel Time= 19.0 min

Peak Storage= 12,884 cf @ 12.08 hrs, Average Depth at Peak Storage= 0.67'
Bank-Full Depth= 3.00', Capacity at Bank-Full= 609.75 cfs

10.00' x 3.00' deep channel, n=0.030 Earth, dense weeds
Side Slope Z-value=4.0 3.0'/" Top Width= 31.00'

Length= 1,560.0' Slope= 0.0167 "/

Inlet Invert= 708.00', Outlet Invert= 682.00'




100-year, 24-hour Storm
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Summary for Subcatchment 1S: Area 1

Runoff = 586 cfs @ 12.08 hrs, Volume= 0.365 af, Depth> 3.87"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-yr Rainfall=6.55"

Area{ac) CN Description
* 1.130 79
1.130 Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (f/ft)  (ft/sec) (cfs)

13.5 100 0.0300 0.12 Sheet Flow,
Grass: Dense n=0.240 P2=2.59"
1.1 78 0.0300 1.21 Shallow Concentrated Flow,

Short Grass Pasture Kv=7.0 fps

1.2 223 0.0100 3.1 57.58 Trap/Vee/Rect Channel Flow, Intermediate Swale
Bot.W=0.00' D=1.00' Z=4.0 & 33.0"/" Top.W=37.00'
n=0.030 Short grass

15.8 401 Total
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Summary for Subcatchment 2S: Area 2

Runoff = 3.88cfs @ 12.07 hrs, Volume= 0.239 af, Depth> 3.87"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-yr Rainfall=6.55"

Area (ac) CN Description
* 0.740 79
0.740 Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (fft) (ft/sec) v(cfs)

13.5 100 0.0300 0.12 Sheet Flow,
Grass: Dense n=0.240 P2= 259"
1.0 70 0.0300 1.21 Shallow Concentrated Flow,

Short Grass Pasture Kv= 7.0 fps

1.0 196 0.0100 3.1 57.58 Trap/Vee/Rect Channel Flow, Intermediate Swale
Bot.W=0.00' D=1.00' Z=4.0 & 33.0 /" Top.W=37.00'
n=0.030 Short grass

15.5 366 Total
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Summary for Subcatchment 3S: Area 3

Runoff = 10.45cfs @ 12.09 hrs, Volume= 0.665 af, Depth> 3.87"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-yr Rainfall=6.55"

Area(ac) CN Description
* 2.060 79
2.060 Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)

13.5 100 0.0300 0.12 Sheet Flow,
Grass: Dense n=0.240 P2=2.59"
2.5 182 0.0300 1.21 Shallow Concentrated Flow,

Short Grass Pasture Kv= 7.0 fps

0.6 120 0.0100 3.1 57.58 Trap/Vee/Rect Channel Flow, Intermediate Swale
Bot.W=0.00' D=1.00" Z=4.0 & 33.0"/" Top.W=37.00'
n=0.030 Short grass

16.6 402 Total
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Summary for Subcatchment 4S: Area 4

Runoff = 1543 cfs @ 12.09 hrs, Volume= 0.987 af, Depth> 3.87"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type II 24-hr 100-yr Rainfall=6.55"

Area(ac) CN Description

* 3.060 79
3.060 Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (fuft) (ft/sec) (cfs)

13.5 100 0.0300 0.12 Sheet Filow,
Grass: Dense n=0.240 P2=2.59"
2.1 155 0.0300 1.21 Shallow Concentrated Flow,

Short Grass Pasture Kv= 7.0 fps

1.2 232 0.0100 3.1 57.58 Trap/Vee/Rect Channel Flow, Intermediate Swale
Bot.W=0.00' D=1.00' Z=4.0& 33.0'/" Top.W=37.00'
n= 0.030 Short grass

16.8 487 Total
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Summary for Subcatchment 5S: Area 5

Runoff = 10.09 cfs @ 12.09 hrs, Volume= 0.645 af, Depth> 3.87"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-yr Rainfall=6.55"

Area(ac) CN Description
* 2.000 79
2.000 Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (fUft) (ft/sec) (cfs)

13.5 100 0.0300 0.12 Sheet Flow,
Grass: Dense n=0.240 P2=2.59"
29 208 0.0300 1.21 Shallow Concentrated Flow,
Short Grass Pasture Kv= 7.0 fps
0.4 77 0.0100 3.1 57.58 Trap/Vee/Rect Channel Flow, Intermediate Swale

Bot.W=0.00' D=1.00' Z=4.0& 33.0"/" Top.W=37.00'
n=0.030 Short grass

16.8 385 Total
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Summary for Subcatchment 6S: Area 6

Runoff = 11.65cfs @ 12.09 hrs, Volume= 0.745 af, Depth> 3.87"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type 1l 24-hr 100-yr Rainfall=6.55"

Area (ac) CN Description
* 2.310 79

2.310 Pervious Area
Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)
13.5 100 0.0300 0.12 Sheet Flow,

Grass: Dense n=0.240 P2=2.59"

3.0 215 0.0300 1.21 Shallow Concentrated Flow,
Short Grass Pasture Kv=7.0 fps

0.3 62 0.0100 3.1 57.58 Trap/VeelRect Channel Flow, Intermediate Swale

Bot.W=0.00' D=1.00" Z=4.0& 33.0"/" Top.W=37.00'
n= 0.030 Short grass

16.8 377 Total
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Summary for Subcatchment 7S: Area 7

Runoff = 11.66 cfs @ 12.02 hrs, Volume= 0.611 af, Depth> 3.88"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-yr Rainfall=6.55"

Area (ac) CN Description
* 1.890 79

1.890 Pervious Area
Tc Length Slope Velocity Capacity Description
(min)  (feet) (f/ft) (ft/sec) (cfs)
9.6 65 0.0300 0.11 Sheet Flow,
Grass: Dense n=0.240 P2=259"
0.7 144 0.2500 3.50 Shallow Concentrated Flow,

Short Grass Pasture Kv= 7.0 fps

10.3 209 Total
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Summary for Subcatchment 8S: Area 8

Runoff = 10.75cfs @ 12.02 hrs, Volume= 0.566 af, Depth> 3.88"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-yr Rainfall=6.55"

Area (ac) CN Description
* 1.750 79

1.750 Pervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
9.8 67 0.0300 0.11 Sheet Flow,
Grass: Dense n=0.240 P2=2.59"
0.6 136 0.2500 3.50 Shallow Concentrated Flow,

Short Grass Pasture Kv=7.0 fps

10.4 203 Total
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Summary for Subcatchment 9S: Area 9

Runoff = 523 cfs @ 12.01 hrs, Volume= 0.268 af, Depth> 3.88"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type |l 24-hr 100-yr Rainfall=6.55"

Area (ac) CN Description
* 0.830 79

0.830 Pervious Area
Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)
9.0 60 0.0300 0.11 Sheet Flow,
Grass: Dense n=0.240 P2=2.59"
0.7 145 0.2500 3.50 Shallow Concentrated Flow,

Short Grass Pasture Kv=7.0 fps

97 205 Total
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Summary for Subcatchment 10S: Area 10

Runoff = 6.96 cfs @ 12.06 hrs, Volume= 0.410 af, Depth> 3.88"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-yr Rainfall=6.55"

Area (ac) CN Description
* 1.270 79
1.270 Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)

11.5 82 0.0300 0.12 Sheet Flow,
Grass: Dense n=0.240 P2=2.59"
0.5 96 0.2500 3.50 Shallow Concentrated Flow,
Short Grass Pasture Kv= 7.0 fps
2.1 242 0.0100 1.93 1.93 Trap/Veel/Rect Channel Flow, Intermediate Swale on 4:1 Siope

Bot.W=0.00' D=0.50" Z=4.0"/" Top.W=4.00' n=0.030

141 420 Total
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Summary for Subcatchment 11S: Area 11

Runoff = 1143 cfs @ 12.06 hrs, Volume= 0.678 af, Depth> 3.88"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, di= 0.05 hrs
Type Il 24-hr 100-yr Rainfali=6.55"

Area (ac) CN Description
* 2.100 79
2.100 Pervious Area

Tc Length Slope Velocity Capacity Description

{min) (feet) (ft/fty  (ft/sec) (cfs)
13.5 100 0.0300 012 Sheet Flow,
Grass: Dense n=0.240 P2=259"
0.2 12 0.0300 1.21 Shallow Concentrated Flow,
Short Grass Pasture Kv= 7.0 fps
0.6 120 0.2500 3.50 Shallow Concentrated Flow,

Short Grass Pasture Kv=7.0 fps

14.3 232 Total
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Summary for Subcatchment 12S: Area 12

Runoff = 23.32cfs @ 12.12 hrs, Volume= 1.638 af, Depth> 3.87"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-yr Rainfall=6.55"

Area (ac) CN Description
* 5.080 79
5.080 Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)

19.9 163 0.0300 0.14 Sheet Flow,
Grass: Dense n=0.240 P2= 259"
0.2 46 0.2500 3.50 Shallow Concentrated Flow,

Short Grass Pasture Kv=7.0 fps

20.1 209 Total
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Summary for Subcatchment 13S: Area 13

Runoff = 2514 cfs @ 12.08 hrs, Volume= 1.566 af, Depth> 3.87"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-yr Rainfall=6.55"

Area(ac) CN Description
* 4.850 79
4.850 Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)

13.5 100 0.0300 0.12 Sheet Flow,
Grass: Dense n=0.240 P2=2.59"
1.8 133 0.0300 1.21 Shallow Concentrated Flow,
Short Grass Pasture Kv= 7.0 fps
0.5 108 0.2500 3.50 Shallow Concentrated Flow,

Short Grass Pasture Kv=7.0 fps

15.8 341 Total
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Summary for Subcatchment 14S: Area 14

Runoff = 7.82cfs @ 12.01 hrs, Volume= 0.401 af, Depth> 3.88"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type ll 24-hr 100-yr Rainfall=6.55"

Area (ac) CN Description
* 1.240 79
1.240 Pervious Area

Tc Length Slope Velocity Capacity Description
{min) (feet) (ft/ft)  (ft/sec) (cfs)

9.2 62 0.0300 0.11 Sheet Flow,
Grass: Dense n=0.240 P2=2.59"
0.5 111 0.2500 3.50 Shallow Concentrated Flow,

Short Grass Pasture Kv=7.0 fps

97 173 Total
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Summary for Subcatchment 15S: Area 15

[49] Hint: Tc<2dt may require smaller dt
Runoff = 2479 cfs @ 11.95 hrs, Volume= 1.059 af, Depth> 3.89"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type [l 24-hr 100-yr Rainfall=6.55"

Area (ac) CN Description
* 3.270 79
3.270 Pervious Area

Tc Length Slope Velocity Capacity Description
{min) (feet) (ft/ft)  (ft/sec) (cfs)

36 58 0.2700 0.27 Sheet Flow,
Grass: Dense n=0.240 P2=2.59"
0.6 145 0.0800 3.94 Shallow Concentrated Flow,

Unpaved Kv= 16.1 fps

4.2 203 Total
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Summary for Subcatchment 16S: Area 16

Runoff = 17.15cfs @ 12.03 hrs, Volume= 0.928 af, Depth> 3.88"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-yr Rainfall=6.55"

Area (ac) CN Description
* 2.870 79
2.870 Pervious Area

Tc Length Slope Velocity Capacity Description
{min) (feet) (ft/ft)  (ft/sec) (cfs)

10.9 44 0.0100 0.07 Sheet Flow,
Grass: Dense n=0.240 P2=2.59"
0.4 55 0.0200 2.28 Shallow Concentrated Flow,

Unpaved Kv= 16.1 fps

11.3 99 Total
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Summary for Subcatchment 30S: Detention/Sedimentation Basin

[46] Hint: Tc=0 (Instant runoff peak depends on dt)
Runoff = 82.51cfs@ 11.89 hrs, Volume= 3.928 af, Depth> 6.00"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-yr Rainfall=6.55"

Area(ac) CN Description
7.860 98 Water Surface
7.860 Impervious Area




I1-43 Landfill 2 Type Il 24-hr 100-yr Rainfall=6.55"

Prepared by SCS Engineering Printed 2/19/2015
HydroCAD® 8.50 s/n 005804 © 2007 HydroCAD Software Solutions LLC Page 41

Summary for Subcatchment 31S: Phase 1 and 2

Runoff = 193.11cfs @ 12.23 hrs, Volume= 16.809 af, Depth> 3.86"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-yr Rainfall=6.55"

Area{(ac) CN Description
* 52.300 79 Closed Landfill

52.300 Pervious Area
Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (f/sec) (cfs)
12.0 100 0.0400 0.14 Sheet Flow,
Grass: Dense n=0.240 P2=2.59"
4.8 400 0.0400 1.40 Shallow Concentrated Flow,

Short Grass Pasture Kv= 7.0 fps
121 2,976 0.0120 4.10 55.37 Channel Flow, Perimeter Swale

Area= 13.5 sf Perim=16.3' r=0.83'

n=0.035 Earth, dense weeds

289 3,476 Total
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Summary for Reach 21R: West Swale

[91] Warning: Storage range exceeded by 0.22'
[65] Hint: Peak inflow is 126% of Manning's capacity
[62] Warning: Exceeded Reach 22R OUTLET depth by 2.51' @ 12.35 hrs

Inflow Area = 73.700 ac, 0.00% Impervious, Inflow Depth > 3.85" for 100-yr event
Inflow = 270.76 cfs @ 12.22 hrs, Volume= 23.663 af
Outflow = 24271 cfs @ 12.46 hrs, Volume= 23.342 af, Atten= 10%, Lag= 14.5 min

Routing by Stor-Ind+Trans method, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.08 fps, Min. Travel Time= 8.5 min
Avg. Velocity = 1.09 fps, Avg. Travel Time= 23.9 min

Peak Storage= 124,154 cf @ 12.32 hrs, Average Depth at Peak Storage= 3.22'
Bank-Full Depth= 3.00', Capacity at Bank-Full=214.18 cfs

16.00' x 3.00' deep channel, n=0.030 Earth, dense weeds
Side Slope Z-value= 3.0/ Top Width= 33.00'
Length=1,570.0' Slope=0.0013 "'

Inlet Invert= 684.08', Outlet Invert= 682.00
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Summary for Reach 22R: South Swale

Inflow Area = 13.630 ac, 0.00% Impervious, inflow Depth > 3.87" for 100-yr event
inflow = 67.37cfs @ 12.07 hrs, Volume= 4.399 af
Outflow = 58.27 cfs @ 12.26 hrs, Volume= 4.345 af, Atten= 14%, Lag= 11.3 min

Routing by Stor-Ind+Trans method, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Max. Velocity= 4.71 fps, Min. Travel Time= 6.8 min
Avg. Velocity = 1.43 fps, Avg. Travel Time= 22.5 min

Peak Storage= 24,052 cf @ 12.14 hrs, Average Depth at Peak Storage= 0.94'
Bank-Full Depth= 2.00', Capacity at Bank-Full= 242.67 cfs

10.00" x 2.00" deep channel, n=0.030 Earth, dense weeds
Side Slope Z-value= 4.0 3.0'/" Top Width= 24.00'

Length= 1,925.0' Slope= 0.0135"/'

Inlet Invert= 710.00', Outlet Invert= 684.08'
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Summary for Reach 28R: North Swale

Infiow Area = 13.160 ac, 0.00% Impervious, Inflow Depth > 3.88" for 100-yr event
inflow = 63.20cfs @ 12.00 hrs, Volume= 4.252 af
Qutflow = 57.58cfs @ 12.16 hrs, Volume= 4,213 af, Atten= 9%, Lag= 9.3 min

Routing by Stor-Ind+Trans method, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Max. Velocity= 5.04 fps, Min. Travel Time= 5.2 min
Avg. Velocity = 1.53 fps, Avg. Travel Time= 17.0 min

Peak Storage= 17,962 cf @ 12.07 hrs, Average Depth at Peak Storage= 0.88'
Bank-Full Depth= 3.00', Capacity at Bank-Full= 609.75 cfs

10.00' x 3.00' deep channel, n=0.030 Earth, dense weeds
Side Slope Z-value=4.0 3.0'/" Top Width= 31.00’

Length= 1,560.0' Slope= 0.0167 /'

Inlet Invert= 708.00', Outlet Invert= 682.00'
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1-43 Landfill
Sheboygan, Wi

Saf
Ved ‘

arda

Desig

ALY INUeX .
Fosstssummay 1 | |

Calculated Q (ft%/s)

Difference Between Design & Calc. Flow (%)

Stable (Yes or No)

Channel Parameters

Vegetation Height, h (ft) 0.33 0.33 0.33
Grass Roughness Coefficient, C, 0.165 0.165 0.165
Cover Factor, C; 0.90 0.90 0.90

Noncohesive Soll
Soil Grain Roughness, ng 0.016 0.016 0.016
Permissibie Soil Shear Stress, 1, (Ib/t?) N/A N/A N/A
Cohesive Soil

Porosity, € 0.35 0.35 0.35
Soil Coefficient 1, ¢4 1.0700 1.0700 1.0700
Soil Coefficient 2, ¢, 14.30 14.30 14.30
Soil Coefficient 3, ¢, 47.700 47.700 47.700
Soil Coefficient 4, ¢, 1.42 1.42 1.42
Soil Coefficient 5, ¢ -0.61 -0.61 -0.61
Soil Coefficient 8, ¢5 0.00010 0.00010 0.00010
Permissibie Soil Shear Stress, 1, (Ib/ft%) 0.080 0.080 0.080
Total Permissible Shear Stress, 1, (Ib/ftz) 0.080 0.080 0.080
Cross Sectional Area, A (f) 11.672 7.009 2.763
Wetted Perimeter, P (ft) 16.48 10.64 5.34
Hydraulic Radius, R (ft) 0.708 0.659 0.517
Top Width, T (f) 16.23 10.30 3.35
Hydraulic Depth, D (ft) 0.719 0.680 0.825
Froude Number (Q design) 0.8637 1.088 0.339
Channel Shear Stress, 1, (lb/ftz) 0.57 1.03 0.32
Actual Sheer Stress, 4 (b/ft%) 0.72 1.34 1.03
{Mannings n 0.044 0.035 0.055
Average Velocity, V (ft/s) 3.04 5.09 1.76
Calculated Flow, Q (ft3/s) 35.8 35.7 4.8
Difference Between Design & Calc. Flow (%) 0.9% 0.0% -0.5%
Effective Shear on Soil Surface, T, (Ib/ft?) 0.010 0.028 0.009
 Total Permissible Shear on Veg., t5eg (lo/ft?) 6.06 3.83 9.47
Stable (Y or N) YES YES YES

version 070228 1 2/19/2015
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Purpose: To size the downslope flume pipes to accommodate the flows expected from a
25-year, 24-hour storm event.

Approach: Use the orifice equation to size the downslope pipe inlet and Manning's equation to
size the downslope pipes.

Calculations:
The runoff must first get into the down slope flume
The entrance to the flume is a Y with an open pipe on each branch of the Y.
1/2 of the flowrate of the 25-yr storm event for each drainage area will enter each branch of the flume.
An orifice equation calculates the flowrate of water that can enter the pipe.

Orifice Equation: Q=CxAx(2xgx h)°'5
Q = flow rate (cfs)
C = orifice coefficent = 0.63
A = area of orifice = 0.78 sf for 12" dia. pipe, 10" = 0.54 sf, 8" = 0.35 sf
g = acceleration due to gravity = 32.2 ft/sec?
h = orifice head acting on centerline = 1.5 x pipe diameter = 1.5 for 12" dia. pipe, 1.25' for 10", 1.0
Q2 pipe = 0.63 x .78 x (2x 32.2 x 1.5)*° = 4.83 cfs
Q1o pipe = 0.63 X .54 x (2 x 32.2 x 1.25)°° = 3.05 cfs

The downslope flume pipés have the following flow capacities at the designated slopes:

Flow Capacity of Pipe*
Flume Size 25% slope
12" dia. 19.3 cfs
10" dia. 11.8 cfs

* See Sheets 2 - 3 for the Manning's flow calculations.

Resuits:
The downslope flumes will consist of the following sizes, as indicated on Plan Sheet 14.
Flume Number Flow Rate (cfs) 1/2 the Flowrate (cfs) Flume Size
Flume 1 (Area 1) 3.7 1.9 10 inch
Flume 2 (Area 2) 25 1.3 10 inch
Flume 3 (Area 3) 6.6 3.3 12 inch
Flume 4 (Area 4) 9.7 4.9 12 inch
Flume 5 (Area 5) 6.4 3.2 12 inch
Flume 6 (Area 6) 7.4 3.7 12 inch

1:\25214060\Calculations\Stormwater\Downslope Flume Sizing
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[

Free Online Manning Pipe Flow Calculator

Manning Formula Uniform Pipe Flow at Given Slope and
Depth

Can vou help me translate this calculator to your language or host this calculator at your web
site?

1-43 Landfill
Down Slope Flumes

Results:

Flow, q 11.8668[cfs v |
Set units:% m g mm § ft é inches l Velocity, v 517580 i
Pipe diameter, do 1 | Velosity head, hy [88.2918] inches ]

inches ¥| _|Flow area 78.5400 sq.in. v |

Manning roughness, n 2 012 Wetted perimeter [31.4159] inches v |
Pressure slope (possibly ? equal to pipe |.25 Hydraulic radius  [2.5000
stope). So [riseiun__v] |Top width, T |0.0000 |inches v
Percent of (or ratio to) full depth (100% or{ 100 Froude number, F|0.00
1 if flowing full) % V] Shear stress

(tractive force),  13.0078| psf |

tau

Please qgive us your valued words of suggestion or praise. Did this free calculator exceed
your expectations in every way?

Home | Support | FreeSoftware | Engineering Services | Engineering Calculators | Technical
Documents | Blog (new in 2009) | Personal essays | Collaborative Family Trees | Contact

Last Modified 01/14/2015 13:51:46

http://iwww .hawsedc.com/engcalcs/Manning-Pipe-Flow.php
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Free Online Manning Pipe Flow Calculator
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Free Online Manning Pipe Flow Calculator

lators

ER R

Mannlng bemula Un|
Depth

fori:n Plpe Flow at Given Slope and

Can vou help me translate this calculator to your language or host this calculator at your web

site?

1-43 Landfill

Down Slope Flumes

Set units:l m | mm § ft | inches l

. . 12
Pipe diameter, dg (inghes v
Manning roughness, n ? 012
Pressure slope (possibly 2 equal to pipe |.25
slope), So ETT
Percent of (or ratio to) full depth (100% |100
or 1 if flowing full) % v

Results:

Flow, q 19.2967
Velocity, v 24.5700 |
Velocity head, hy |112.5889| inche:
Flow area 113.0976| s
Wetted perimeter|(37.6991 |ir
Hydraulic radius [3.0000

Top width, T 0.0000

Eroude number, 0.00

Shear stress

(tractive force), |15.6094 [psf v

tau

Please give us vour valued words of suggestion or praise. Did this free calculator exceed

your expectations in every way?

Home | Support | FreeSoftware | Engineering Services | Engineering Calculators | Technical

Documents | Blog (new in 2009) | Personal essays | Collaborative Family Trees | Contact

http://iwww.hawsedc.com/engcalcs/Manning-Pipe-Flow.php
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Job No. 25214060 Job: 1-43 Landfill Plan Modification By: KRG Date: 01/28/15
Client: Alliant Energy Subject: Energy Dissipator Design Chk'd:  ZB Date: 02/09/15

Energy Dissipator Design

Design the Energy Dissipators located at the end of each downslope flume using the US Dept. of Transportation, Hydraulic Engineering

Circular No. 14, "Hydraulic Design of Energy dissipators for Culverts and Channels”, July 2006.

Pipe/Culvert: Flume 3,4, 5,6, and 7
* Peak flow in this flume from 25-year, 24-hour event is 9.7 cfs.
Flow is in a 12" dia. Flume

From an on-line Mannings Equation Calculator (see page 3)
Q= 97 cfs

n=0.01

V= 282 ft/sec

A= 4964 sq.in.= 0.34 sq. ft.
Fr = 8.58

Compute Equivalent Depth of Flow Entering Dissipator:
Y, =(A/2)'/? where: Ye = Equivalent depth

A = Area (from above)

Y. = 0.42 ft

Compute Energy at End of Pipe:
H, = Y. +V?/2¢g where: H, = Energy

Y. = Equivalent depth {from above)

V = Velocity {from above)
g = Gravity constant (32.2 ft/sec)

Ho = 12.76 ft

Determine Width of Dissipator:

Use Froude Number computed above and Figure 9.14 (see page 5) from "Hydraulic Design of Energy Dissipators for
Culverts and Channels" to obtain value for H,/W. Given H, above, compute W (width of dissipator).

From Figure 9.14, H,/W; = 3.9 (interpolated)
Wy = 3.3 ft

Determine Remaining Dimensions of the Dissipator:

Based on W determined above, use Table 9.2 (CU) (page 6) to determine the remaining dissipator dimensions. Round the

value of Wy to the nearest entry in the table (interpolation is not necessary).

Note: the smallest W; on Table 9.2 is 4.0 ft, so this dimension is used.

1\25214060\Calculations\Stormwater\Downslope Flume Energy Dissipator Design
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Energy Dissipator Design

Pipe/Culvert: Flume 1 and 2
* Peak flow in this flume from 25-year, 24-hour event is 4.0 cfs.
Flow is in a 10" dia. Flume

From an on-line Mannings Equation Calculator (see page 4)

Q= 4 cfs

n = 0.01

V= 224 ft/sec

A= 257 sq.in.= 0.18 sq. ft.
Fr = 8.5

Compute Equivalent Depth of Flow Entering Dissipator:
Y. = ("\/2)1/2 where: Ye = Equivalent depth

A = Area (from above)

<
1l

e 0.30 ft

Compute Energy at End of Pipe:
H, = Y. +V?/2¢g where: H, = Energy
Y. = Equivalent depth (from above)

V = Velocity {from above)
g = Gravity constant (32.2 ft/sec)
Ho = 8.09 ft

Determine Width of Dissipator:

Use Froude Number computed above and Figure 9.14 from "Hydraulic Design of Energy Dissipators for
Culverts and Channels” to obtain value for H,/W. Given H, above, compute W (width of dissipator).

From Figure 9.14, H,/W, = 3.9 (interpolated)

Wp = 2.1 ft

Determine Remaining Dimensions of the Dissipator:

Based on W determined above, use Table 9.2 (CU) to determine the remaining dissipator dimensions. Round the
value of Wy to the nearest entry in the table (interpolation is not necessary).

Note: the smallest Wj on Table 9.2 is 4.0 ft, so this dimension is used.

1\25214060\Caiculations\Stormwater\Downslope Fiume Energy Dissipator Design
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Free Online Manning Pipe Flow Calculator

Free Online Manning Pipe Flow Calculatof

By INAYASES B ENG:

i
Hond

£

Manning Formula Unifor

Depth

m Pipe Flo

w at Given Slope and

Can vou help me translate this calculator to your language or host this calculator at your web

site?

1-43 Landfill
Down Slope Flumes 1,2,8,9

Set units: | m | mm | ft | inches |

,10

slope), Sg

Pipe diameter, dg [10 _—
iinches v |

Manning roughness, n ? .01

Pressure slope (possibly ? equal to pipe |.25

Results:

Flow, g 4.0097 |ofs v
Velocity, v 22.4299 fft/sec”
Velocity head, h, {93.8297| inches v |
Flow area 25.7434|sq.in. v |
Wetted perimeter {12.9325] ir

Hydraulic radius

1.9906

inches v

rise/un V|

Percent of (or ratio to) full depth (100% or
1 if flowing full)

o

=

Top width, T 9.6173 |inches v |
Froude number, F|8.50
(tractive force), [4.7218 |psf 7|

tau

N %

Please give us your valued words of suggestion or praise. Did this free calculator exceed

your expectations in every way?

Home | Support | FreeSoftware | Engineering Services | Engineering Calculators | Technical

Documents | Blog (new in 2009) | Personal essays | Collaborative Family Trees | Contact

Last Modified 01/28/2015 10:15:55

http://iwww hawsedc.com/engcalcs/Manning-Pipe-Flow.php
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shows the relationship of the Froude number to the ratio of the energy entering the dissipator to
the width of dissipator required. The Los Angeles tests indicate that limited extrapolation of this
curve is permissible.

30

e
7

Hy/We

1.0 /

//

qI.O 2.0 390 4.0 5.0 6.0 7.0 8.0 9.0

Fr = V,/(gyo)?

Figure 9.14. Design Curve for USBR Type VI Impact Basin

Once the basin width, Ws, has been determined, many of the other dimensions shown in Figure
9.13 follow according to Table 9.2. To use Table 9.2, round the value of Wp to the nearest entry
in the table to determine the other dimensions. Interpolation is not necessary.

In calculating the energy and the Froude number, the equivalent depth of flow, y. = (A/2)"?
entering the dissipator from a pipe or irregular-shaped conduit must be computed. In other
words, the cross section flow area in the pipe is converted into an equivalent rectangular cross
section in which the width is twice the depth of flow. The conduit preceding the dissipator can
be open, closed, or of any cross section.

The effectiveness of the basin is best illustrated by comparing the energy losses within the
structure to those in a natural hydraulic jump, Figure 9.15. The energy loss was computed
based on depth and velocity measurements made in the approach pipe and also in the
downstream channel with no tailwater. Compared with the natural hydraulic jump, the USBR
Type VI impact basin shows a greater capacity for dissipating energy.

9-36
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Table 9.2 (CU). USBR Type VI Impact Basin Dimensions (ft) (AASHTO, 2005)

Ws hy ha hs ha L L, L
4] 3.08 1.50 0.67 1.67 542 2.33 3.08
5. 3.83 1.92 0.83 2.08 6.67 2.92 3.83
6. 458 2.25 1.00 2.50 8.00 3.42 458
7 542 2.58 117 2.92 9.42 4.00 542
8. 6.17 3.00 133 3.33 10.67 458 6.17
9. 6.92 3.42 1.50 3.75 12.00 517 6.92
10. 7.58 3.75 167 47 13.42 575 7.67
1, 8.42 417 1.83 458 14.58 6.33 8.42
12. 9.17 450 2.00 5.00 16.00 6.83 9.17
13. 10.17 4.92 217 542 17.33 7.42 10.00
14. 10.75 525 2.33 5.83 18.67 8.00 10.75
15, 11.50 558 2.50 6.25 20.00 8.50 11.50
16. 12.25 6.00 2.67 6.67 21.33 9.08 12.25
17, 13.00 6.33 2.83 7.08 21.50 9.67 13.00
18. 13.75 6.67 3.00 7.50 23.92 10.25 13.75
19. 14.58 7.08 317 7.92 25.33 10.83 14.58
20. 15.33 7.50 3.33 8.33 26.58 11.42 15.33
WB W1 W2 t1 t2 t3 t4 t5

4] 0.33 1.08 0.50 0.50 0.50 0.50 0.25
5. 0.42 1.42 0.50 0.50 0.50 0.50 0.25
6. 0.50 167 0.50 0.50 0.50 0.50 0.25
2 0.50 1.92 0.50 0.50 0.50 0.50 0.25
8. 0.58 2.17 0.50 0.58 0.58 0.50 0.25
9. 0.67 2.50 0.58 0.58 0.67 0.58 0.25
10. 0.75 2.75 0.67 0.67 0.75 0.67 0.25
1, 0.83 3.00 0.67 0.75 0.75 0.67 0.33
12. 0.92 3.00 067 0.83 0.83 0.75 0.33
13. 1.00 3.00 067 0.92 0.83 0.83 0.33
14. 1.08 3.00 0.67 1.00 0.92 0.92 0.42
15. 117 3.00 067 1.00 1.00 1.00 0.42
16. 1.25 3.00 0.75 1.00 1.00 1.00 0.50
17, 1.33 3.00 0.75 1.08 1.00 1.00 0.50
18. 1.33 3.00 0.75 1.08 1.08 1.08 0.58
19. 1.42 3.00 0.83 117 1.08 1.08 0.58
20. 1.50 3.00 0.83 117 117 117 0.67
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HY-8 Culvert Analysis Report



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 0 cfs
Design Flow: 146 cfs
Maximum Flow: 270 cfs




Table 1 - Summary of Culvert Flows at Crossing: [-43 Landfill

Headwater Elevation

West Swale Cuiverts

Roadway Discharge

() Total Discharge (cfs) Discharge (cfs) (cfs) lterations
678.70 0.00 0.00 0.00 1
680.07 27.00 27.00 0.00 1
680.67 54.00 54.00 0.00 1
681.15 81.00 81.00 0.00 1
681.63 108.00 108.00 0.00 1
682.07 135.00 135.00 0.00 1
682.23 146.00 146.00 0.00 1
683.11 189.00 189.00 0.00 1
683.47 216.00 216.00 0.00 1
683.81 243.00 243.00 0.00 1
684.16 270.00 270.00 0.00 1
686.00 392.66 392.66 0.00 Overtopping




Table 2 - Culvert Summary Table: West Swale Culverts

Inlet Elevation (invert): 678.70 ft,  Outlet Elevation (invert): 678.40 ft

Culvert Length: 100.00 ft,  Culvert Slope: 0.0030

Site Data - West Swale Culverts
Site Data Option:

Inlet Station: 0.00 ft
Inlet Elevation: 678.70 ft
Qutlet Station: 100.00 ft

Outlet Elevation:

Number of Barrels:

Culvert Invert Data

678.40 ft

2

Culvert Data Summary - West Swale Culverts

Barrel Shape: Circular

Barrel Diameter:

Barrel Material:

Embedment;
Barrel Manning's n:

Inlet Configuration:

Inlet Depression:

5.00 ft
Smooth HDPE
0.00 in

0.0120
Culvert Type: Straight

Square Edge with Headwall

NONE

Discharge | Discharge | Eevatin | Canrol | Comior | Flow | Nomal | cral | outet | Taiwater | oo, | Vooq
(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
0.00 0.00 678.70 0.000 0.000 0-NF 0.000 0.000 0.300 0.000 0.000
27.00 27.00 680.07 1.369 0.951 1-J81t 0.985 1.006 1.238 0.938 3.542
54.00 54.00 680.67 1.973 1.427 1-J81t 1.408 1.437 1.674 1.374 4.669
81.00 81.00 681.16 2.451 1.828 1-JS1t 1.739 1.772 2.008 1.708 5484
108.00 108.00 681.63 2.934 2.200 1-JS1t 2.031 2.060 2.287 1.987 6.168
135.00 135.00 682.07 3.369 2.563 1-JS1t 2.308 2.317 2.531 2.231 6.769
146.00 146.00 682.23 3.535 2.322 1-J81t 2.413 2.415 2.622 2.322 7.000
189.00 189.00 683.11 4.141 4.412 3-M1t 2.822 2.760 2.947 2.647 7.847
216.00 216.00 683.47 4.5086 4.766 3-M1t 3.076 2.960 3.131 2.831 8.348
243.00 243.00 683.81 4.872 5.114 3-M2t 3.341 3.145 3.301 3.001 8.834
270.00 270.00 684.16 5.250 5.459 3-M2t 3.614 3.324 3.461 3.161 9.308
Straight Culvert




Table 3 - Downstream Channel Rating Curve (Crossing: 1-43 Landfill)

Flow (cfs) Waggfg"‘ce Depth (ff) | Velocity (ft/s) | Shear (psf) | Froude Number

0.00 678.70 0.00 0.00 0.00 0.00
27.00 679.64 0.94 225 0.18 0.45
54.00 680.07 137 278 0.26 0.48
81.00 680.41 171 313 0.32 0.49
108.00 680.69 199 3.40 0.37 0.50
135.00 680.93 223 363 0.42 0.51
146.00 681.02 232 3.71 0.43 0.51
189.00 681.35 265 3.98 0.50 0.52
216.00 681.53 2.83 413 0.53 0.52
243.00 681.70 3.00 426 0.56 0.53
270.00 681.86 3.16 438 0.59 0.53

Tailwater Channel Data - I-43 Landfill
Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 10.00 ft
Side Slope (H:V): 3.00 (_:1)
Channel Slope: 0.0030
Channel Manning's n:  0.0300
Channel Invert Elevation: 678.70 ft

Roadway Data for Crossing: 1-43 Landfill
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 50.00 ft
Crest Elevation: 686.00 ft
Roadway Surface: Gravel
Roadway Top Width: 20.00 ft
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;Sedimentation”Basin Sizing G

W?Performance Crlterla , R I e L o
* ijedlmentatlon basm is de51gned to settle out partlcles 15 microns and greater for the 25- year 24 hour
, E@storm event | N ﬁ i ‘ ' ‘
R ?Prmmpal splllway is de51gned to pass the 25 -year, 24 hour storm event.

* Emergency spillway is designed to pass the 100-yr, 24-hour storm event.

Use the Table 8.1 presented in Erosion and Sediment Control Handbook (Goldman, et al ., 1986) that provides
_the surface area to discharge ratios required to achieve settlement of the desired particle sizes. The table
is included below. From this table use the surface area to ﬂow ratlo for the sedlmentatron to determme the N

max1mum partlcle 51ze settled

The table below summariﬂzedthe surface area to flow ratios for sedimentation basins. It also summarizes
the free board for the 100-year, 24-hour storm event. The information is based on the HydroCAD model

| _output included in this appendix.

TABLE 8.1 Surface Area Requirements of Sediment Traps and Basins

Surface area requirements,
Settling velocity, fi% per ft’%/sec  (mn* per m*/sec
Particle size, mm ft/sec (m/sec) discharge discharge)
0.5  (coarse sand) 0.19 {0.058) 6.3 (20.7)
0.2 (mediumsand) 0.067 (0.020) 17.9 (h8.7)
0.1 (firie sand) 0.023 (0.0070) 52.2 (171.0)
0.05 (coarse silt) 0.0062 (0.0019) 193.6 (635.0)
0.02 (medium silt) 0.00096 (0.00029) 1,250:0 (4,101.0)
. 0.01 (fine silt) 0.00024 (0.000073) 5,000.0 (16,404.0)
" 0.005 (clay) (.00006 (0.000018) 20,000.0 (65,617.0)
,E’The output from the HydroCAD model for the 25 and 100-yr storm event is included on Pages 2 - 3.
25-year, 24 hour Storm Surface Area 100-yr, 24-hr Basin
Peak Peak Peak Water| at Peak Water Maximum Storm Peak Top of | Freeboard
Inflow Discharge | Surface Surface SA/Q Particle Size Water Berm for 100-yr
(cfs) Q (cfs) Elevation | Elevation, SA Ratio Settled Surface Elevation Storm
(sf) (mm) Elevation |(Freeboard) (feet)
165.09 17.1 684.74 230,955 13,506 <0.01 685.90 686.50 0.6
fI:\252 14060\Calculations\Stormwater\[Sed Basin Sizing.xIs]Sheet!
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Summary for Pond 29P: Detention/Sedimentation Basin

[63] Warning: Exceeded Reach 21R INLET depth by 0.10' @ 15.40 hrs
[62] Warning: Exceeded Reach 28R OUTLET depth by 2.62' @ 14.55 hrs

Inflow Area = 96.610 ac, 8.14% Impervious, inflow Depth > 2.52" for 25-yr event

Inflow = 165.09cfs @ 12.49 hrs, Volume= 20.321 af

OQutflow = 17.07 cfs @ 14.38 hrs, Volume= 10.223 af, Atten=90%, Lag= 113.9 min
Primary = 17.07 cfs @ 14.38 hrs, Volume= 10.223 af

Secondary = 0.00cfs @ 1.00 hrs, Volume= 0.000 af

Routing by Stor-Ind method, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Peak Elev= 684.74' @ 14.38 hrs Surf.Area= 5.302 ac Storage= 13.038 af

Plug-Flow detention time= 247.0 min calculated for 10.223 af (50% of inflow)
Center-of-Mass det. time= 161.9 min ( 963.6 - 801.6)

Volume invert Avail.Storage Storage Description
#1 681.46' 20.170 af Custom Stage Data (Prismatic) Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)
681.46 2.750 0.000 0.000
682.00 2.880 1.520 1.520
684.00 4,860 7.740 9.260
686.00 6.050 10.910 20.170
Device Routing invert Outlet Devices
#1  Primary 681.50' 24.0" x 50.0' long Cuivert CMP, square edge headwall, Ke= 0.500

Outlet Invert= 681.00' S=0.0100'" Cc=0.900
n= 0.025 Corrugated metal

#2 Device 1 881.75' 6.0" Vert. Orifice/Grate X 4.00 C=0.600
#3 Device 1 682.25 6.0" Vert. Orifice/Grate X 4.00 C= 0.600
#4  Device 1 682.75' 6.0" Vert. Orifice/Grate X 4.00 C=0.600
#5 Device 1 683.25' 6.0" Vert. Orifice/Grate X 4.00 C=0.600
#6 Device 1 684.00' 36.0" Horiz. Orifice/Grate Limited to weir flow C= 0.600

#7  Secondary 685.00' 10.0"long x 30.0' breadth Broad-Crested Rectangular Weir
Head (feet) 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60
Coef. (English) 2.68 2.70 2.70 2.64 2.63 2.64 2.64 2.63

Primary OutFlow Max=17.07 cfs @ 14.38 hrs HW=684.74" (Free Discharge)
t—;_=Culvert (Barrel Controls 17.07 cfs @ 5.43 fps)

—2=0Orifice/Grate (Passes < 6.26 cfs potential flow)

—3=0Orifice/Grate (Passes < 5.66 cfs potential flow)

—4=0rifice/Grate (Passes < 4.99 cfs potential flow)

—5=0rifice/Grate (Passes < 4.22 cfs potential flow)

—6=0Orifice/Grate (Passes < 19.76 cfs potential flow)

Secondary OutFlow Max=0.00 cfs @ 1.00 hrs HW=681.46" (Free Discharge)
7=Broad-Crested Rectangular Weir ( Controls 0.00 cfs)
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Summary for Pond 29P: Detention/Sedimentation Basin

[63] Warning: Exceeded Reach 21R INLET depth by 0.92' @ 14.35 hrs
[62] Warning: Exceeded Reach 28R OUTLET depth by 3.71' @ 13.60 hrs

Inflow Area = 96.610 ac, 8.14% Impervious, Inflow Depth > 3.99" for 100-yr event

Infiow = 27292 cfs @ 12.44 hrs, Volume= 32.094 af

Outflow = 4456 cfs @ 13.47 hrs, Volume= 18.380 af, Atten=84%, Lag= 62.0 min
Primary = 22.02cfs @ 13.47 hrs, Volume= 13.215 af

Secondary = 22.55cfs @ 13.47 hrs, Volume= 5.165 af

Routing by Stor-Ind method, Time Span= 1.00-20.00 hrs, dt= 0.05 hrs
Peak Elev= 685.90' @ 13.47 hrs Surf.Area= 5.991 ac Storage= 19.576 af

Plug-Flow detention time= 214.7 min calculated for 18.331 af (57% of inflow)
Center-of-Mass det. time= 138.1 min ( 930.0 - 791.9)

Volume Invert  Avail.Storage  Storage Description
#1 681.46' 20.170 af Custom Stage Data (Prismatic) Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)
681.46 2.750 0.000 0.000
682.00 2.880 1.520 1.520
684.00 4.860 7.740 9.260
686.00 6.050 10.910 20.170
Device Routing Invert Qutlet Devices
#1  Primary 681.50' 24.0" x 50.0' long Culvert CMP, square edge headwall, Ke= 0.500

Outlet Invert= 681.00' S=0.0100"/ Cc=0.900
n=0.025 Corrugated metal

#2  Device 1 681.75" 6.0" Vert. Orifice/Grate X 4.00 C= 0.600
#3  Device 1 682.25' 6.0" Vert. Orifice/Grate X 4.00 C= 0.600
#4  Device 1 682.75' 6.0" Vert. Orifice/Grate X 4.00 C=0.600
#5 Device 1 683.25' 6.0" Vert. Orifice/Grate X 4.00 C= 0.600
#6  Device 1 684.00' 36.0" Horiz. Orifice/Grate Limited to weir flow C= 0.600

#7  Secondary 685.00' 10.0' long x 30.0' breadth Broad-Crested Rectangular Weir
Head (feet) 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60
Coef. (English) 2.68 2.70 2.70 2.64 2.63 2.64 2.64 2.63

Primary OutFlow Max=22.02 cfs @ 13.47 hrs HW=685.90' (Free Discharge)
1=Culvert (Barrel Controls 22.02 cfs @ 7.01 fps)
2=Orifice/Grate (Passes < 7.47 cfs potential flow)
3=Orifice/Grate (Passes < 6.97 cfs potential flow)
=Orifice/Grate (Passes < 6.44 cfs potential flow)
=Orifice/Grate (Passes < 5.86 cfs potential flow)
=Orifice/Grate (Passes < 46.93 cfs potential flow)

Secondary OutFlow Max=22.54 cfs @ 13.47 hrs HW=685.90' (Free Discharge)
7=Broad-Crested Rectangular Weir (Weir Controls 22.54 cfs @ 2.50 fps)



Sheet No.
Calc. No.
Rev. No.

Job No. 25214179 Job I-43 Ash Landfill By KRG Date 5/17/16
Client Wisconsin P&L Subject Contact Water Basin Chk'd BLP Date 5/23/16
Purpose:

The contact water basin at the I-43 landfill accommodates runoff pumped from contact water handling
areas within each module and from other areas directly dischargin into the contact water basin during
storm events. The purpose of this calculation is to determine the maximum starting water elevation in
the contact water basin prior to a 25-year, 24-hour storm event in order to accommodate the volume of

runoff from these two contributing sources.

Approach:
Determine the 25-year, 24-hour storm event runoff volumes contributing to the contact water basin for
each phase of development, starting with Phase 3, Module 2. Use the HydroCAD model to calculate
volumes. Drainage areas during each stage of development are shown on the attached figures.
Determine the remaining capacity of the contact water basin, assuming the basin has standing water at

various intervals prior to the start of the storm event. One foot intervals were used.

Assumptions
A 25-year, 24-hour storm event = 4.80 inches, based on NOAA Atlas 14.
Assume a MSE4 storm distribution.
Assume 1' of freeboard will be maintained in the contact water basin.
Ash has a runoff curve number of 98.
Assume other site areas draining into the contact water basin are bare soil.

Results:
Phase 3 Module 2 Active
To accommodate the runoff volume (269,114 cf) resulting from a 25-year, 24-hour storm event, the

starting water elevation in the pond should be 682.5 or lower.

Phase 4 Module 2
To accommodate the runoff volume (257,352 cf) resulting from a 25-year, 24-hour storm event, the

starting water elevation in the pond should be 681.5 or lower.

Phase 4 Module 3
To accommodate the runoff volume (237,141 cf) resulting from a 25-year, 24-hour storm event, the

starting water elevation in the pond should be 681.5 or lower.

I:\25214060\Calculations\Stormwater\Contact Water Basin Volume - 2



Table 1
Operational Chart
Phase 3 Module 2
Contact Water Basin Outside Limits of Waste

Cumulative
Starting Incremental Volume to Reach
Basin Water Storage Volume | Basin Elevation
Elevation |Depth (ft) Area (sf) (cf) 685 (cf) Notes
686 14 140,337 - - Basin is full
685 13 128,481 0 0 Peak Elevation (1' freeboard)
684 12 117,241 122,861 122,861
683 11 105,982 111,611 234,473 Elev 682.5 Cumulative Volume =
682 10 95,370 100,676 335,149 284,811 cf
681 9 85,538 90,454 425,603
680 8 76,769 81,154 506,756
679 7 68,768 72,768 579,525
678 6 60,958 64,863 644,388
677 5 53,735 57,347 701,734
676 4 47,129 50,432 752,166
675 3 40,929 44,029 796,195
674 2 35,173 38,051 834,246
673 1 21,330 28,252 862,498
672 0 10,036 15,683 878,181 Basin is empty
Contact Water Basin
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Before pumping water from any of the contact water holding features located within each
module into the Contact Water Basin, make sure there is adaquate storage available.

Phase 3 Module 2 Runoff Volume: 112,733 cf (from HydroCAD model, 2.588 ac-ft)
Other Runoff Volume to Basin 156,380 cf (from HydroCAD model, 3.590 ac-ft)
Total: 269,114 cf

Based on the above runoff volume to the contact water basin, the starting water level in the basin
should not be higher than 682.5 to accommodate the runoff from a 25-year, 24-hour storm event.

KRG/ 5/16/16
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Table 2
Operational Chart
Phase 4 Module 2
Contact Water Basin Outside Limits of Waste

Cumulative
Starting Incremental Volume to Reach
Basin Water Storage Volume | Basin Elevation
Elevation |Depth (ft) Area (sf) (cf) 685 (cf) Notes
686 14 89,741 - - Basin is full
685 13 83,468 0 0 Peak Elevation (1' freeboard)
684 12 77,379 80,424 80,424
683 11 71,511 74,445 154,869
682 10 65,875 68,693 223,562 Elev 681.5 Cumulative Volume =
681 9 60,657 63,266 286,828 255,195 cf
680 8 56,021 58,339 345,167
679 7 51,631 53,826 398,994
678 6 47,444 49,538 448,531
677 5 43,448 45,446 493,977
676 4 39,620 41,534 535,511
675 3 35,881 37,751 573,262
674 2 31,974 33,928 607,190
673 1 21,330 26,652 633,841
672 0 10,036 15,683 649,524 Basin is empty
Contact Water Basin
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Before pumping water from any of the contact water holding features located within each
module into the Contact Water Basin, make sure there is adaquate storage available:

Phase 4 Module 2 Runoff Volume: 116,697 cf (from HydroCAD model, 2.679 ac-ft)
Other Ruoff Volume to Basin: 140,655 cf (from HydroCAD model, 3.229 ac-ft)
Total: 257,352 f

Based on the above runoff volume to the contact water basin, the starting water level in the basin
should not be higher than 681.5 to accommodate the runoff from a 25-year, 24-hour storm event.

KRG/ 5/16/16
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Table 3
Operational Chart
Phase 4 Module 3
Contact Water Basin Outside Limits of Waste

Cumulative
Starting Incremental Volume to Reach
Basin Water Storage Volume | Basin Elevation
Elevation |Depth (ft) Area (sf) (cf) 685 (cf) Notes
686 14 89,751 - - Basin is full
685 13 83,469 0 0 Peak Elevation (1' freeboard)
684 12 77,379 80,424 80,424
683 11 71,512 74,446 154,870
682 10 65,875 68,694 223,563 Elev 681.5 Cumulative Volume =
681 9 60,658 63,266 286,830 255,197 cf
680 8 56,021 58,339 345,169
679 7 51,632 53,827 398,996
678 6 47,444 49,538 448,534
677 5 43,458 45,451 493,985
676 4 39,619 41,539 535,524
675 3 35,880 37,750 573,274
674 2 31,974 33,927 607,201
673 1 21,330 26,652 633,853
672 0 10,036 15,683 649,536 Basin is empty
Contact Water Basin
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Before pumping water from any of the contact water holding features located within each
module into the Contact Water Basin, make sure there is adaquate storage available:

Phase 4 Module 3 Runoff Volume: 139,000 cf (from HydroCAD model, 3.191 ac-ft)
Other Runoff Volume to Basin: 98,141 cf (from HydroCAD model, 2.253 ac-ft)
Total: 237,141 f

Based on the above runoff volume to the contact water basin, the starting water level in the basin
should not be higher than 681.5 to accommodate the runoff from a 25-year, 24-hour storm event.

KRG/ 5/16/16
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Summary for Subcatchment 1S: Ph3M2 Off-site Drainage Area

[49] Hint: Tc<2dt may require smaller dt
Runoff = 69.57 cfs @ 12.09 hrs, Volume= 3.590 af, Depth> 4.05"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span=5.00-20.00 hrs, dt= 0.05 hrs
MSE 24-hr 4 25-yr Rainfall=4.80"

Area (sf) CN Description
323,363 94 Fallow, bare soil, HSG D

* 140,337 98 Water Surface (area of top of contact water basin)

463,700 95 Weighted Average
323,363 69.74% Pervious Area
140,337 30.26% Impervious Area

Tc Length Slope Velocity Capacity Description

(min) (feet) (ft/ft)  (ft/sec) (cfs)
0.4 100 0.3300 3.80 Sheet Flow, Phase 4 Mod 1
Smooth surfaces n=0.011 P2=2.59"
0.2 80 0.3300 5.74 Shallow Concentrated Flow, Phase 4 Mod 1

Nearly Bare & Untilled Kv= 10.0 fps

2.8 980 0.0100 5.80 75.44 Trap/Vee/Rect Channel Flow, Swale
Bot.W=10.00' D=1.00' Z=3.0"/" Top.W=16.00'
n=0.022 Earth, clean & straight

3.4 1,160 Total
Summary for Subcatchment 3S: Ph4M2 Off-site Drainage Area

[49] Hint: Tc<2dt may require smaller dt
Runoff = 64.63cfs @ 12.05 hrs, Volume= 3.229 af, Depth> 4.05"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
MSE 24-hr 4 25-yr Rainfall=4.80"

Area(ac) CN Description
7.510 94 Fallow, bare soil, HSG D

* 2.060 98 Water Surface (area at top of contact water basin)

9.570 95 Weighted Average
7.510 78.47% Pervious Area
2.060 21.53% Impervious Area

Tc Length Slope Velocity Capacity Description

(min) __ (feet) (ft/ft)  (ft/sec) (cfs)
0.4 100 0.3300 3.80 Sheet Flow, Off-site Stockpiles
Smooth surfaces n=0.011 P2=2.59"
0.2 80 0.3300 5.74 Shallow Concentrated Flow, Off-site Stockpiles

Nearly Bare & Untilled Kv= 10.0 fps

0.6 180 Total
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Summary for Subcatchment 4S: Ph4 M3 Off-site Drainage Area

[46] Hint: Tc=0 (Instant runoff peak depends on dt)
Runoff = 43.43 cfs @ 12.04 hrs, Volume= 2.253 af, Depth> 4.33"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span=5.00-20.00 hrs, dt= 0.05 hrs
MSE 24-hr 4 25-yr Rainfall=4.80"

Area (ac) CN Description
2.060 98 Water Surface (area at top of contact water basin)
* 4.190 98 Ash in Phase 3 Module 2
6.250 98 Weighted Average
6.250 100.00% Impervious Area

Summary for Subcatchment 5S: Phase 3 Module 2

[49] Hint: Tc<2dt may require smaller dt
Runoff = 50.45cfs @ 12.08 hrs, Volume= 2.588 af, Depth> 4.33"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
MSE 24-hr 4 25-yr Rainfall=4.80"

Area (sf) CN Description

* 312,726 98 Open Cell
312,726 100.00% Impervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)

1.6 100 0.2500 1.01 Sheet Flow, Down Ash face in P3M1
Fallow n=0.050 P2=2.59"

0.1 33 0.2500 8.05 Shallow Concentrated Flow, Down ash face in P3M1
Unpaved Kv=16.1 fps

0.4 96 0.0500 3.60 Shallow Concentrated Flow, Across Liner

Unpaved Kv=16.1 fps

2.1 229 Total
Summary for Subcatchment 6S: Phase 4 Module 2
[49] Hint: Tc<2dt may require smaller dt

Runoff = 5157 cfs @ 12.06 hrs, Volume= 2.679 af, Depth> 4.33"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
MSE 24-hr 4 25-yr Rainfall=4.80"



11\25214179\Calculations\Contact Water Basin Calculations\

Contact Water Basin Sizing by Phase MSE 24-hr 4 25-yr Rainfall=4.80"
Prepared by {enter your company name here} Printed 5/23/2016
HydroCAD® 10.00-15 s/n 05804 © 2015 HydroCAD Software Solutions LLC Page 4

Area (ac) CN Description
* 7.430 98 Ash

7.430 100.00% Impervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)

0.4 100 0.3300 3.80 Sheet Flow, Down ash face in P4AM1
Smooth surfaces n=0.011 P2=2.59"

0.0 27 0.3300 9.25 Shallow Concentrated Flow,
Unpaved Kv=16.1fps

0.3 68 0.0400 4.06 Shallow Concentrated Flow, Base of Phase 4 Mod 2

Paved Kv=20.3 fps

0.7 195 Total
Summary for Subcatchment 7S: Phase 4 Module 3

[49] Hint: Tc<2dt may require smaller dt
Runoff = 61.61cfs @ 12.06 hrs, Volume= 3.191 af, Depth> 4.33"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
MSE 24-hr 4 25-yr Rainfall=4.80"

Area(ac) CN Description
* 8.850 98

8.850 100.00% Impervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)
0.4 100 0.3300 3.80 Sheet Flow,
Smooth surfaces n=0.011 P2=2.59"
0.1 42 0.3300 11.66 Shallow Concentrated Flow,
Paved Kv=20.3 fps
0.5 78 0.0200 2.87 Shallow Concentrated Flow,

Paved Kv=20.3 fps

1.0 220 Total

Summary for Link 8L: Total Runoff to Contact Water Basin

Inflow Area = 17.824 ac, 58.35% Impervious, Inflow Depth > 4.16" for 25-yr event
Inflow = 119.38cfs @ 12.09 hrs, Volume= 6.178 af
Primary = 119.38cfs @ 12.09 hrs, Volume= 6.178 af, Atten= 0%, Lag= 0.0 min

Primary outflow = Inflow, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
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Summary for Link 9L: Total Runoff to Contact Water Basin

Inflow Area = 17.000 ac, 55.82% Impervious, Inflow Depth > 4.17" for 25-yr event
Inflow = 116.20 cfs @ 12.05 hrs, Volume= 5.907 af
Primary = 116.20 cfs @ 12.05 hrs, Volume= 5.907 af, Atten= 0%, Lag= 0.0 min

Primary outflow = Inflow, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs

Summary for Link 10L: Total Runoff to Contact Water Basin

Inflow Area = 15.100 ac,100.00% Impervious, Inflow Depth > 4.33" for 25-yr event
Inflow = 104.32 cfs @ 12.05 hrs, Volume= 5.444 af
Primary = 104.32 cfs @ 12.05 hrs, Volume= 5.444 af, Atten= 0%, Lag= 0.0 min

Primary outflow = Inflow, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs





