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Professional Engineer Certification Statement [40 CFR 257.82(c)]

| hereby certify that, having reviewed the attached documentation and being familiar with the provisions of
Title 40 of the Code of Federal Regulations Section 257.82 (40 CFR Part 257.82), | attest that this Inflow
Design Flood Control System Plan is accurate and has been prepared in accordance with good engineering
practices, including the consideration of applicable industry standards, and with the requirements of 40
CFR Part 257.82.
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1.0 INTRODUCTION

1.1 Background

J.C. Weadock Generating Facility (JC Weadock) is a coal-fired power generation facility located near
Essexville, Michigan as presented on Figure 1 — Site Location Map. JC Weadock formerly operated two
coal-burning baseload units but ceased electrical generation on April 15, 2016. Prior to stopping electrical
generation, bottom ash was sluiced from JC Weadock to the Bottom Ash Pond, Areas 1 and 2. Stored
bottom ash was mechanically removed from the pond as needed to maintain storage capacity. The Bottom
Ash Pond discharged water via two steel outflow pipes. The pipes discharge to an internal channel network
and then to the permitted National Pollutant Discharge Elimination System (NPDES) outfall as provided on
Figure 2 - Site Plan. Currently, JC Weadock is being decommissioned. The Bottom Ash Pond is no longer
receiving coal combustion residual (CCR) from an active power generating plant. The Bottom Ash Pond is
anticipated to accept negligible amounts of CCR contact wash water and other low-volume miscellaneous
wastewaters. It is anticipated that the Bottom Ash Pond’s final receipt of waste will occur on or before

October 1, 2018; and resulting subsequent closure activities will commence within regulated timeframes.

1.2 Purpose

The purpose of the Inflow Design Flood Control System Plan (Plan) is to provide a basis for the
certification required by 40 CFR 257.82 (Hydrologic and Hydraulic Capacity Requirements for CCR
Surface Impoundments). The Bottom Ash Pond has been rated a low hazard potential as determined
under 40 CFR 257.73(a)(2). 40 CFR 257.82(a) requires the owner or operator of the low hazard potential
CCR surface impoundment to design, construct, operate, and maintain an inflow design flood control

system as follows:

B Adequately manage the flow into the CCR unit during and following the peak discharge of
the inflow of the 100-year flood event

B Adequately manage the flow from the CCR unit to collect and control the peak discharge
resulting from the 100-year flood event

B Handle discharge from the CCR unit in accordance with the surface water requirements
under 40 CFR 257.3-3

Golder
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2.0 FLOOD CONTROL SYSTEM
To meet the requirements of 40 CFR 257.82(a), the flood control system must provide flood protection to
the CCR unit during the inflow design flood (100-year event) for two cases: 1) floodwater from outside the

unit from Saginaw River and from Saginaw Bay, and 2) controlling internal water levels within the unit.

2.1  External Floodwater Protection
The Bottom Ash Pond is surrounded by a perimeter berm that provides external flood water protection.

Based on borings completed in 2016, the berm is generally constructed of sand and CCR.

A publicly available 100-year flood elevation for Saginaw Bay has been determined by Federal
Emergency Management Agency (FEMA). Based on FEMA Firm Map Numbers 26017C0238E and
26017C0239E, both Saginaw River and Saginaw Bay have 100-year flood elevations of 585.00 feet
(NAVDS88) as provided in Appendix A — FEMA Flood Elevation and Lake Huron Normal Elevation. The
lowest elevation along the perimeter berm of Bottom Ash Pond Area 1 is 598.96 feet (NAVD88) and
Bottom Ash Pond Area 2 is 596.68 feet (NAVD88), which allows for 13.96 and 11.68 feet of freeboard
during the 100-year flood event, respectively. Therefore, the Saginaw Bay and Saginaw River should not

be an inflow source to the Bottom Ash Pond.

2.2 Internal Flood Control

The only inflow will be precipitation directly falling on the Bottom Ash Pond and surrounding drainage areas
from a 100-year 24-hour storm event of 5.99 inches, as provided in Appendix B - Rainfall Data. There are
two discharge structures in the perimeter berm: two 24-inch steel pipes. Table 2.2.1 below provides a

summary of the outflow structures as surveyed in May 2016.

Table 2.2.1 - Discharge Structure Summary

. . Length | Upstream | Downstream
%ﬁﬁgﬁ;?: Type (InSclﬁgs) g Invert Invert Slope (%)
(Feet) | (navDss) | (NAVDSS)
Bottom Ash Pond | o, 24 40 596.01 595.20 2.02
Area 1 Culvert
Bottom AshPond | &, 24 121 590.36 590.07 0.24
Area 2 Culvert

Table 2.2.2 below provides a storm flow summary that indicates that Bottom Ash Pond Area 1 is contained
with 2.1 feet of freeboard, a peak discharge rate of 0.00 cubic feet per second (cfs), and outflow volume of
0.00 acre-feet during the design storm event (100-year 24-hour). Bottom Ash Pond Area 2 is contained
with 4.15 feet of freeboard, a peak discharge rate of 9.30 cfs, and outflow volume of 4.67 acre-feet during

the design storm event (100-year 24-hour). The modeled results indicate that:
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B The inflow design flood control system adequately manages flow from the CCR unit to
collect and control the peak discharge resulting from the inflow design flood (100-year 24-

hour storm event)

The hydrologic and hydraulic model output is provided in Appendix C - Hydrologic and Hydraulic Model
Output. It should be noted that the pond elevations presented in Table 2.2.2 were used to assess the

maximum storage pool loading condition pursuant to 40 CFR 257.73(e)(1)(i).

Table 2.2.2 — Storm Flow Data

Area 2

Perimeter Berm Pond Elevation Peak Volume of
Area Elevation 100-year, 24-hour Outflow Outflow
(NAVDSS8) (NAVDS88) (cfs) (acre-feet)
Bottom Ash Pond 598.96 596.86 0.00 0.00
Area 1
Bottom Ash Pond 596.68 592.53 9.30 467
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3.0 PLAN REVISION AND RECORDKEEPING

Per 40 CFR 257.82(c)(2); “The owner or operator of the CCR unit may amend the written inflow design
flood control system plan at any time provided the revised plan is placed in the facility's operating record as
required by Section 257.105(g)(4). The owner or operator must amend the written inflow design flood
control system plan whenever there is a change in conditions that would substantially affect the written plan

in effect.”

Per 40 CFR 257.82(c)(4); “The owner or operator must prepare periodic inflow design flood control system
plans required by paragraph (c)(1) of this section every five years. The date of completing the initial plan is
the basis for establishing the deadline to complete the first periodic plan. The owner or operator may
complete any required plan prior to the required deadline provided the owner or operator places the
completed plan into the facility's operating record within a reasonable amount of time. In all cases, the
deadline for completing a subsequent plan is based on the date of completing the previous plan. For
purposes of this paragraph (c)(4), the owner or operator has completed an inflow design flood control
system plan when the plan has been placed in the facility's operating record as required by Section
257.105(g)(4).”
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4.0 REFERENCES

FEMA (Federal Emergency Management Agency). 2010. Flood Insurance Study, Bay County, Michigan.
Effective September 17, 2010. Flood Insurance Study Number 26017CVO000A.

USEPA (US Environmental Protection Agency). 2015. Disposal of Coal Combustion Residuals from Electric
Utilities; Final Rule. 40 CFR Part 257. Effective Date October 19, 2015.

Golder
Associates



FIGURES



| File Name: 1655164_Weadock Location Map.dwg

Path: \\sacramento\acad\Sites\_Work for Other Offices\Karn & Weadock\PRODUCTION\

+

Channel Island

T

Windy
Point

Gull
Island
JeS
g
it}
N VAT
AL B ]
i it
ll }jw |
Ul
Ticev *
b -
B
T
— S
8' —
Q
— g| = S
AT
] ) SITE LOCATION REFERENCE(S)
S 11 Vi BASE MAP TAKEN FROM USGS 7.5 MINUTE QUADRANGLE
f [T BAY CITY NE, MICHIGAN
1 DATED 2014
0 1000 2000 3000
MICHIGAN COUNTIES SCALE FEET
CLIENT PROJECT
CONSUMERS ENERGY COMPANY J.C. WEADOCK
2742 NORTH WEADOCK HIGHWAY BOTTOM ASH POND
ESSEXVILLE, MI. 48732
CONSULTANT YYYY-MM-DD 2016-08-22 TITLE
B DESIGNED VAL SITE LOCATION MAP
PREPARED MAL
Golder
@Associates REVIEWED JRP PROJECT NO. REV. FIGURE
APPROVED MAB 1655164 0 1

! IF THIS MEASUREMENT DOES NOT MATCH WHAT IS SHOWN, THE SHEET SIZE HAS BEEN MODIFIED FROM: ANSI A

in

1




| File Name: 1655164_2016-06 Survey.dwg

Path: \\sacramento\acad\Sites\_Work for Other Offices\Karn & Weadock\CIVIL 3D\

CLIENT

CONSUMERS ENERGY COMPANY
2742 NORTH WEADOCK HIGHWAY

ESSEXVILLE, MI. 48732

PROJECT

J.C. WEADOCK BOTTOM ASH POND

CONSULTANT

@l&ssocia{es

YYYY-MM-DD 2016-09-09
DESIGNED MAL
PREPARED MAL
REVIEWED JRP
APPROVED JDP

TITLE
SITE PLAN

PROJECT NO. REV.

1655164

FIGURE

1 !~ IF THIS MEASUREMENT DOES NOT MATCH WHAT IS SHOWN, THE SHEET SIZE HAS BEEN MODIFIED FROM: ANSI B

in




APPENDIX A
FEMA FLOOD ELEVATION AND LAKE HURON NORMAL ELEVATION



NOTES TO USERS

This map i for e in scimenitenng T National Fiood imrancs Progrm. | doo
non sdenbly ol arvas sesyect 10 oodng. partcutary from local dranagn
souscen of wmal soe. The community map reposiiory shoukl be conmited for
pontsle upimed or adeifonal food hasard inkorrason.

= - (BFEN)
15 oot Fiooed

Profies and Fioodway Data ww Stilater Elervations tables contaned
wihin ha Figod lesascs Shudy (FIS) Rlepor ihat accompunies e FRM. Lissrs
ok be sware Sul BFEY Stown on B PO represert foonded weclk-bet

Bourdanes of P Nosdways were (ompuind af CO8s MCHons and erpolated

04 1y reahannts of e et Piod hausanca Prisyam. Fosduby wide
Oiter partient foodway data anm proveded i e Fiood iesurance Shudy Fisgod

nat in Special Flood
Structures A “Flood

Tho projection used in P proparsion of Bis map W Unkensl Trrseess
u-wmmm-m. The harieonisd detus wes NAD 53 GRS 1580
datam, wphercd,

Bt of P ko myecat awiction miy Seadk ) BOPe
afiact o aocuacy of s FIM

Fies e
9 et be compared

3 e
gt 700,90 o8 condact e National Geodetic Survey ai T lolowng

1318 Eass st Highwany
Saear Marytare 20010-3313
) T3

- KPT vmmu-arr Mr:-

=y
awny

"N

State of Michigan

SAGINAW BAY

Township of Banger
260019

ararar
Wy

=

0 apas
arwas

AT

ragay

LEGEND
LOOD HAZARD AREAS (SFiths) SURLECT TO
PaRMDATION BT THE 1 soechs, CHAE FLOOD
The 10wt (e A 10y e, v et o . L o, e o o
I iy

scwn 1m
B Ty 8 okt Y T bttty ol i
-
protmctan Far e 1'% seral thacs s prester R
oomt . o
ey
et
zoemve
et

[0 FLDoDwAY AREAS IN 200 RE

COMSTAL BARRIER RESOURCES SYSTEM (CBRS) AREAS

OTHERWISE PROTECTED AREAS {0PA)

..... fo———.
AT TIN0 ) Yeen gt
-—n PR R ———
P [————————]
)

s o
s meFRTOm
e 3 g o o o U e
EFFRCTIVE DA OF CORrTYWIOE
FLOGO 1M AANCE RATE Wi
14, v

EPPRCTAVE DATRIS) OF WEVABCRE} T0 Tl PR

Bt 17 7310 W il S Plied Ml Armst mad tosby e i b, I g

i Limers g P, 19 e et s St

rar

T

[Tt s

m 0 ee
= ————— "1
et
" " 1. -

PANEL 02)9E

FIRM

FLOOD INSURANCE RATE MAP

BAY COUNTY,
ICHIGAN
ALLJURISHCTIONS

PANEL 239 OF 450
(SEE MAP INDEX FOR IR PANEL LAYCUT)
oAt

CoMAEtY MaSEn P BER
o ]

Federul Emergency Manugement Agency |




APPENDIX B
RAINFALL DATA



Precipitation Frequency Data Server

NOAA Atlas 14, Volume 8, Version 2
Location name: Essexville, Michigan, US*
Latitude: 43.6433°, Longitude: -83.8376°

Elevation: 585 ft*

* source: Google Maps
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POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Deborah Martin, Sandra Pavlovic, Ishani Roy, Michael St. Laurent, Carl Trypaluk, Dale

Unruh, Michael Yekta, Geoffery Bonnin

NOAA, National Weather Service, Silver Spring, Maryland

PFE_tabular | PE_graphical | Maps & aerials

Page 1 of 4

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)’
. | Average recurrence interval (years)
Duration|
| 1 I I 5 [ 10 || 25 ] 50 |[ 100 | 200 | 500 | 1000 |
5-min 0.281 0.333 0.421 0.497 0.606 0.693 0.783 0.877 1.01 1.1
(0.221-0.364)|[(0.262-0.432)||(0.331-0.548)| |(0.388-0.651)||(0.458-0.829)||(0.510-0.963)||(0.556-1.12)| |(0.595-1.30)||(0.655-1.54)||(0.700-1.72)
10-min 0.411 0.487 0.617 0.728 0.887 1.02 1.15 1.28 1.47 1.62
(0.324-0.533)|((0.384-0.632)|((0.484-0.803)(|(0.568-0.953)|| (0.670-1.21) || (0.747-1.41) ||(0.814-1.64)(|(0.872-1.90)|((0.959-2.25)|| (1.03-2.52)
15-min 0.501 0.594 0.752 0.888 1.08 1.24 1.40 1.57 1.80 1.98
(0.396-0.649)||(0.469-0.771)||(0.591-0.979)(| (0.693-1.16) || (0.817-1.48) || (0.911-1.72) ||(0.992-2.00)|| (1.06-2.32) || (1.17-2.75) || (1.25-3.07)
30-min 0.722 0.859 1.09 1.29 1.57 1.80 2.03 2.27 2.60 2.86
(0.570-0.936)|[ (0.678-1.12) || (0.856-1.42) || (1.01-1.69) || (1.19-2.15) || (1.32-2.49) || (1.44-2.90) || (1.54-3.35) || (1.69-3.97) || (1.81-4.44)
60-min 0.940 1.11 1.41 1.67 2.05 2.37 2.69 3.04 3.52 3.91
(0.742-1.22) |[ (0.877-1.44) || (1.11-1.84) || (1.31-2.19) || (1.56-2.82) || (1.74-3.30) || (1.91-3.87) || (2.07-4.51) || (2.30-5.40) || (2.47-6.07)
2-hr 1.16 1.36 1.73 2.05 2.54 294 3.36 3.81 4.45 4.96
(0.925-1.48) || (1.09-1.75) || (1.38-2.22) || (1.62-2.65) || (1.95-3.45) || (2.19-4.05) || (2.42-4.78) || (2.62-5.60) || (2.94-6.76) || (3.17-7.63)
3-hr 1.29 1.51 1.90 2.26 2.81 3.28 3.78 4.33 5.10 5.73
(1.04-1.63) || (1.21-1.91) || (1.52-2.42) || (1.80-2.90) || (2.18-3.81) || (2.47-4.51) || (2.74-5.36) || (3.00-6.33) || (3.39-7.72) || (3.69-8.77)
6-hr 1.52 1.75 219 2.61 3.28 3.86 4.50 5.21 6.24 7.09
(1.24-1.90) || (1.43-2.20) || (1.78-2.75) || (2.11-3.30) || (2.59-4.42) || (2.95-5.27) || (3.31-6.33) || (3.66-7.57) || (4.20-9.37) || (4.61-10.7)
12-hr 1.78 2.02 2.50 2.98 3.75 4.44 5.22 6.09 7.36 8.43
(1.47-2.20) || (1.67-2.50) || (2.06-3.10) || (2.43-3.71) || (3.01-5.02) || (3.45-6.02) || (3.89-7.28)||(4.34-8.78) || (5.02-11.0) || (5.54-12.6)
24-hr 2.05 2.31 2.85 3.40 4.29 5.09 5.99 7.01 8.51 9.77
(1.71-2.49) || (1.93-2.81) || (2.37-3.48) || (2.81-4.17) || (3.49-5.67) || (4.00-6.81) || (4.53-8.27) || (5.05-10.0) || (5.87-12.6) || (6.49-14.5)
2-da 2.33 2.64 3.25 3.87 4.88 5.79 6.80 7.94 9.62 11.0
Y || (1.97-2.78) || (2.23-3.16) || (2.74-3.91) || (3.25-4.69) || (4.02-6.37) || (4.61-7.64) || (5.20-9.26) || (5.79-11.2) || (6.70-14.0) || (7.39-16.2)
3.da 2.55 2.86 3.50 4.14 5.18 6.11 715 8.32 10.1 11.5
Y || 2.17-3.02) || (2.44-3.40) || 2.97-4.17) || (3.49-4.96) || (4.29-6.69) | (4.90-7.99) || (5.50-9.66) || (6.11-11.7) || (7.05-14.6) || (7.76-16.8)
4-da 2.74 3.06 3.70 4.35 5.39 6.33 7.37 8.55 10.3 11.7
y (2.35-3.23) || (2.63-3.61) || (3.16-4.39) || (3.69-5.18) || (4.49-6.91) || (5.10-8.22) || (5.70-9.90) || (6.30-11.9) || (7.24-14.8) || (7.95-17.0)
7-da 3.23 3.59 4.28 4.94 6.00 6.93 7.95 9.09 10.7 121
Y || (2.81-3.76) || (3.11-4.19) || (3.70-5.01) || (4.24-5.82) || (5.03-7.55) || (5.62-8.86) || (6.20-10.5) || (6.75-12.5) || (7.63-15.3) | (8.29-17.4)
10-da 3.67 4.07 4.83 5.54 6.64 7.59 8.63 9.77 1.4 12.8
y (3.20-4.23) || (3.56-4.71) || (4.20-5.60) || (4.79-6.47) || (5.59-8.26) || (6.19-9.60) || (6.76-11.3)[(7.29-13.3) || (8.14-16.1) || (8.78-18.2)
20-da 4.91 5.49 6.50 7.40 8.75 9.86 11.0 12.3 14.1 15.5
y (4.35-5.58) || (4.86-6.25) || (5.73-7.43) || (6.48-8.52) || (7.42-10.6) || (8.12-12.2) || (8.73-14.2)||(9.27-16.5) || (10.1-19.6) || (10.8-22.0)
30-da 6.02 6.73 7.95 9.01 10.5 11.8 13.0 14.4 16.2 17.7
Y || (5.37-6.78) || (6.01-7.59) || (7.07-9.00) || (7.95-10.3) || (8.97-12.6) || (9.75-14.4) || (10.4-16.6) || (10.9-19.0) || (11.8-22.4) || (12.4-24.9)
45-da 7.49 8.38 9.84 111 12.7 141 15.4 16.7 18.5 19.9
y (6.75-8.36) || (7.54-9.36) || (8.82-11.0) || (9.84-12.5) || (10.9-15.1) || (11.7-17.0) || (12.3-19.3) |{(12.7-21.9) || (13.5-25.3) || (14.0-27.8)
60-da 8.81 9.84 11.5 12.8 14.6 15.9 17.2 18.5 20.1 21.3
Y || (7.99-9.77) || (8.90-10.9) || (10.3-12.8) || (11.5-14.4) || (12.5-17.0) | (13.3-19.0) || (13.8-21.4) || (14.1-24.0) || (14.7-27.2) || (15.1-29.7)
" 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.

http://dipper.nws.noaa.gov/hdsc/pfds/pfds printpage.html?lat=43.6433&lon=-83.8376&da...
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National Weather Service
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APPENDIX C
HYDROLOGIC AND HYDRAULIC MODEL OUTPUT



Project Description

File Name ......ccooooiiiiiiiceeeee e

Project Options

Flow Units
Elevation Type ...

Hydrology Method .
Time of Concentration (TOC) Method ....
Link Routing Method
Enable Overflow Ponding at Nodes . .
Skip Steady State Analysis Time Periods ........

Analysis Options

Start Analysis On ..
End Analysis On ...
Start Reporting On
Antecedent Dry Days ...
Runoff (Dry Weather) Time Step .
Runoff (Wet Weather) Time Step ....
Reporting Time Step ...
Routing Time Step

Number of Elements

Rain Gages .......ccevuieveniiiiireecree e
Subbasins.

Flow Diversions

Inlets ...
Storage Nodes .

Channels
Pipes ...
Pumps .
Orifices
Weirs ...
Outlets
Pollutants .
Land Uses ...

Rainfall Details

OO OOOON-_"2WNOON-=-UN

Weadock_2.SPF

.. CFS

... Elevation

... SCSTR-55
. SCS TR-55

Hydrodynamic

.. YES

NO

... Aug 04, 2016
... Aug 06, 2016
.. Aug 04, 2016

0

... 001:00:00
.. 000:05:00

0 00:05:00

. 30

Qty

-

00:00:00
00:00:00
00:00:00

days

days hh:mm:ss
days hh:mm:ss
days hh:mm:ss
seconds

SN Rain Gage Data Data Source Rainfall Rain  State County Return Rainfall Rainfall
ID Source ID Type Units Period Depth  Distribution
(years) (inches)
1 Rain Gage-01 Time Series TS-100 Cumulative inches Michigan None 100 5.99 SCS Type Il 24-hr



Subbasin Summary

SN Subbasin Area Weighted Total Total Total Peak Time of

ID Curve Rainfall Runoff Runoff Runoff Concentration
Number Volume

(ac) (in) (in) (ac-in) (cfs) (days hh:mm:ss)

1 Sub-01 9.78 98.00 599 575 56.25 76.90 0 00:05:00

2 Sub-02 1.34 98.00 599 575 7.71 10.52 0 00:05:00



Node Summary

SN Element Element Invert Ground/Rim Initial Surcharge Ponded Peak Max HGL Max Min Time of Total Total Time
ID Type Elevation (Max) Water Elevation Area Inflow Elevation Surcharge Freeboard Peak Flooded Flooded
Elevation Elevation Attained Depth  Attained Flooding Volume
Attained Occurrence

(ft) (ft) (ft) (ft) (ft2)  (cfs) (ft) (ft) (ft) (days hh:mm) (ac-in) (min)

1 Jun-02 Junction 596.01 6.00 0.00 0.00 0.00 0.00 596.01 0.00 3.00 0 00:00 0.00 0.00
2 Out-01 Outfall 590.07 9.30 591.16
3 Out-02 Outfall 595.20 0.00  595.20

4 PondAreal Storage Node  595.00 598.96  595.00 0.00 10.52  596.86 0.00 0.00

5 PondArea2 Storage Node  590.00 596.68  590.36 0.00 76.88  592.53 0.00 0.00



Link Summary

SN Element Element From To(Outlet) Length 1Inlet  Outlet Average Diameteror Manning's Peak Design Flow Peak Flow/ Peak Flow Peak Flow Peak Flow Total Time Reported
D Type  (Inlet)  Node Invert ~ Invert Slope  Height Roughness Flow  Capacity Design Flow ~ Velocty ~ Depth  Depth/ Surcharged Condition
Node Elevation Elevation Ratio Total Depth
Ratio
M) (@) (@) (b (f) (cfs) (cfs) (fisec) (f) (min)

1 PondAreatCulvert Pipe  Jun02  Qut-02 4000 596.01 595.20 2.0200 2000 0.0250 0.00 16.74 0.00 0.00 0.00 0.00 0.00 Calculated
2 PondArea2Culvert Pipe  PondArea2 Out-01 121,00 59036 590.07 0.2400 2000 0.0240 9.30 6.00 1.55 3.57 1.54 017 0.00 > CAPACITY
3 PondAreatChannel Channel PondAreat Jun-02  1241.00 598.00 596.01 0.1600 3000  0.0320 0.00 69.96 0.00 0.00 0.00 0.00 0.00



Subbasin Hydrology

Subbasin : Sub-01

Input Data
Area (ac) .. 9.78
Weighted Curve Number 98.00
Rain Gage ID . Rain Gage-01

Composite Curve Number
Area Soil Curve
Soil/Surface Description (acres) Group  Number

- 9.78 - 98.00
Composite Area & Weighted CN 9.78 98.00

Time of Concentration
TOC Method : SCS TR-55
Sheet Flow Equation :
Tc = (0.007 * ((n * Lf)10.8)) / ((P10.5) * (Sf*0.4))
Where :

Tc = Time of Concentration (hr)
n = Manning's roughness

Lf = Flow Length (ft)

P =2yr, 24 hr Rainfall (inches)
Sf = Slope (ft/ft)

Shallow Concentrated Flow Equation :

=16.1345 * (Sf*0.5) (unpaved surface)
=20.3282 * (Sf*0.5) (paved surface)
=15.0 * (Sf*0.5) (grassed waterway surface)
=10.0 * (Sf*0.5) (nearly bare & untilled surface)
=9.0 * (Sf*0.5) (cultivated straight rows surface)
=7.0 * (Sf*0.5) (short grass pasture surface)
=5.0 * (Sf*0.5) (woodland surface)
=2.5* (Sf*0.5) (forest w/heavy litter surface)

c = (Lf/ V) /(3600 sec/hr)

<K<K <I<K<L<<

—

Where:

Tc = Time of Concentration (hr)
Lf = Flow Length (ft)

V = Velocity (ft/sec)

Sf = Slope (ft/ft)

Channel Flow Equation :

V = (1.49 * (RN2/3)) * (Sf*0.5)) / n
R =Aq/Wp
Tc = (Lf/ V) /(3600 sec/hr)

Where :

Tc = Time of Concentration (hr)
Lf = Flow Length (ft)

R = Hydraulic Radius (ft)

Aq = Flow Area (ft?)

Wp = Wetted Perimeter (ft)

V = Velocity (ft/sec)

Sf = Slope (ft/ft)

n = Manning's roughness

User-Defined TOC override (minutes): 5

Subbasin Runoff Results

Total Rainfall (in) ..
Total Runoff (in)
Peak Runoff (cfs) ..
Weighted Curve Number ...
Time of Concentration (days hh:mm:ss) ...

... 5.99
. 5.75
. 76.90
98.00
.. 000:05:00




Rainfall (infhr)

Runoff (cfs)

Subbasin : Sub-01

Rainfall Intensity Graph

Runoff Hydrograph

Time (hrs)
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Subbasin : Sub-02

Input Data

A (BC) .ttt
Weighted Curve Number ...
Rain Gage ID

Composite Curve Number

Area Soil Curve
Soil/Surface Description (acres) Group  Number
- 1.34 - 98.00
Composite Area & Weighted CN 1.34 98.00

Time of Concentration

User-Defined TOC override (minutes): 5

Subbasin Runoff Results

Total Rainfall (iN) ....cocooviiiiiiiieeeeceeee 5.99

Total Runoff (in) .... ... 5.75

Peak Runoff (cfs) .. . 10.52
Weighted Curve Number ... ... 98.00
Time of Concentration (days hh:mm:ss) .............cccocee. 0 00:05:00




Rainfall (infhr)

Runoff (cfs)

Subbasin : Sub-02

Rainfall Intensity Graph

Runoff Hydrograph

Time (hrs)
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Junction Input

SN Element Invert Ground/Rim Ground/Rim Initial  Initial Surcharge Surcharge Ponded Minimum
ID Elevation (Max) (Max) Water Water Elevation Depth Area Pipe
Elevation Offset Elevation Depth Cover

(ft) (ft) (ft) (ft) (ft) (ft) (f)  (ft2) (ft)
1 Jun-02 596.01 6.00 -590.01 0.00 -596.01 0.00 -6.00  0.00 0.00




Junction Results

SN Element Peak Peak Max HGL Max HGL Max Min Average HGL Average HGL Time of Time of Total Total Time
ID Inflow Lateral Elevation Depth Surcharge Freeboard Elevation Depth Max HGL Peak Flooded Flooded
Inflow Attained Attained Depth  Attained Attained Attained  Occurrence Flooding Volume
Attained Occurrence
(cfs)  (cfs) (ft) (ft) (ft) (ft) (ft) (ft) (days hh:imm) (days hh:mm) (ac-in) (min)
1 Jun-02 0.00 0.00 596.01 0.00 0.00 3.00 596.01 0.00 0 00:00 0 00:00 0.00 0.00



Channel Input

SN Element Length Inlet  Inlet Outlet Outlet Total Average Shape Height Width Manning's Entrance Exit/Bend Additional Initial Flap
ID Invert Invert Invert Invert Drop  Slope Roughness  Losses Losses Losses Flow Gate
Elevation Offset Elevation Offset
(ft) M () | () (ft) (%) (ft) (ft) (cfs)

1 PondArea1Channel 1241.00 598.00 3.00 596.01 0.00 1.99 0.1600 Trapezoidal 3.000 15.000 0.0320  0.5000 0.5000 0.0000 0.00 No



Channel Results

SN Element Peak Time of Design Flow Peak Flow/ Peak Flow Travel Peak Flow Peak Flow Total Time Froude Reported
ID Flow Peak Flow Capacity Design Flow Velocity Time Depth Depth/ Surcharged Number Condition
Occurrence Ratio Total Depth
Ratio
(cfs) (days hh:mm) (cfs) (ft/sec) (min) (ft) (min)

1 PondArea1Channel 0.00 0 00:00 69.96 0.00 0.00 0.00 0.00 0.00



Pipe Input

SN Element Length Inlet  Inlet Outlet Outlet Total Average Pipe Pipe Pipe Manning's Entrance Exit/Bend Additional Initial Flap
ID Invert Invert Invert Invert Drop  Slope Shape Diameter or Width Roughness Losses Losses Losses Flow Gate
Elevation Offset Elevation Offset Height
(ft) fm () [ () (ft) (%) ) (cfs)
1 PondArea1Culvert 40.00 596.01 0.00 59520 0.00 0.81 2.0200 CIRCULAR 2.000 2.000 0.0250  0.5000 0.5000 0.0000 0.00 No
2 PondArea2Culvert 121.00 590.36 0.36 590.07 0.00 0.29 0.2400 CIRCULAR 2.000 2.000 0.0240  0.5000 1.0000 0.0000 0.00 No



No. of
Barrels



Pipe Results

SN Element Peak Time of Design Flow Peak Flow/ Peak Flow Travel Peak Flow Peak Flow Total Time Froude Reported
ID Flow Peak Flow Capacity Design Flow Velocity Time Depth Depth/ Surcharged Number Condition
Occurrence Ratio Total Depth
Ratio
(cfs) (days hh:mm) (cfs) (ft/sec) (min) (ft) (min)
1 PondArea1Culvert 0.00 0 00:00 16.74 0.00 0.00 0.00 0.00 0.00 Calculated

2 PondArea2Culvert  9.30 0 12:20 6.00 1.55 3.57 0.56 1.54 0.77 0.00 > CAPACITY



Storage Nodes

Storage Node : PondAreal

Input Data

... 595.00
. 598.96
3.96

595.00

Invert Elevation (ft)
Max (Rim) Elevation (ft) ..
Max (Rim) Offset (ft) ...
Initial Water Elevation (ft)
Initial Water Depth (ft) .
Ponded Area (ft?)
Evaporation Loss

Storage Area Volume Curves
Storage Curve : Storage-01

Stage Storage Storage
Area Volume

(ft) (ft2) (ft})

0 6061.76 0.000

1 15942.88 11002.32

2 24307.18 31127.35

3 29017.09 57789.49

5 38618.549 125425.13




Storage Area Volume Curves

Storage Volume (f€)
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Storage Node : PondAreal (continued)

Output Summary Results

Peak INfIoW (CFS) ...ooveeveirieiiieiceercee e
Peak Lateral Inflow (cfs) .
Peak Outflow (cfs)
Peak Exfiltration Flow Rate (cfm) ....
Max HGL Elevation Attained (ft) ..
Max HGL Depth Attained (ft)
Average HGL Elevation Attained (ft) ..
Average HGL Depth Attained (ft)
Time of Max HGL Occurrence (days hh:mm) ..
Total Exfiltration Volume (1000-ft*)
Total Flooded Volume (ac-in) ...
Total Time Flooded (min) ...
Total Retention Time (sec)



Storage Node : PondArea2

Input Data

Invert Elevation (ft) ...
Max (Rim) Elevation (ft) ..
Max (Rim) Offset (ft) ...
Initial Water Elevation (ft) ...
Initial Water Depth (ft) .
Ponded Area (ft?)
Evaporation Loss

Storage Area Volume Curves
Storage Curve : Storage-02

Stage Storage Storage

Area Volume
t) (ft2) (ft})
0 0 0.000
1 11213.61  5606.81
2 60746.13 41586.68
3 158834.96 151377.23
4
5
6

=

(

191913.30 326751.36
221215.98 533316.00
247890.20 767869.09



Storage Area Volume Curves

Storage Volume (f€)
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Storage Node : PondArea2 (continued)

Output Summary Results

Peak INfIoW (CFS) ...ooveeveirieiiieiceercee e
Peak Lateral Inflow (cfs) .
Peak Outflow (cfs)
Peak Exfiltration Flow Rate (cfm) ....
Max HGL Elevation Attained (ft) ..
Max HGL Depth Attained (ft)
Average HGL Elevation Attained (ft) ..
Average HGL Depth Attained (ft)
Time of Max HGL Occurrence (days hh:mm) ..
Total Exfiltration Volume (1000-ft*)
Total Flooded Volume (ac-in) ...
Total Time Flooded (min) ...
Total Retention Time (sec)



Established in 1960, Golder Associates is a global, employee-owned
organization that helps clients find sustainable solutions to the challenges of
finite resources, energy and water supply and management, waste
management, urbanization, and climate change. We provide a wide range of
independent consulting, design, and construction services in our specialist
areas of earth, environment, and energy. By building strong relationships and
meeting the needs of clients, our people have created one of the most trusted
professional services organizations in the world.

Africa + 27 11 254 4800
Asia + 852 2562 3658
Australasia +61 3 8862 3500
Europe + 356 214230 20
North America + 1800 275 3281
South America +56 2 2616 2000

solutions@golder.com
www.golder.com

Golder Associates Inc.
15851 South U.S. 27, Suite 50
Lansing, Ml 48906 USA
Tel: (517) 482-2262
Fax: (517) 482-2460
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