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CERTIFICATION

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.

Golder Associates Inc.

i

Signature

June 4, 2018

Date of Report Certification

John D. Puls, PE

Name

6201055787

Professional Engineer Certification Number
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1.0 INTRODUCTION

1.1 Background

D.E. Karn Generating Facility (DE Karn) is a coal-fired power generation facility located near Essexville,
Michigan as presented on Figure 1 — Site Location Map. The location of the Karn Lined Impoundment is
illustrated on Figure 2 — Site Plan. Bottom ash is sluiced from the DE Karn Unit 1&2 electrical generating
units to the Karn Lined Impoundment. An elevated trestle and pipe system hydraulically conveys bottom
ash to the pond system. Stored bottom ash is removed via mechanical equipment from the pond as
required to maintain storage capacity on a yearly basis. Water is discharged from the Karn Lined
Impoundment via two 18-inch diameter DR 11 HDPE pipes into a polishing basin. Flow is then conveyed
through a series of internal ditches to the permitted National Pollutant Discharge Elimination System
(NPDES) outfall.

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 Coal
Combustion Residual (CCR) Surface Impoundments. The Karn Lined Impoundment has been rated a
low hazard potential as determined under 40 CFR 257.74(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 the Saginaw River and from Saginaw Bay, and 2) controlling internal water levels within the unit.

2.1 External Floodwater Protection
The Karn Lined Impoundment is surrounded by a perimeter berm that provides external flood water

protection.

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 26017C0239E, both Saginaw River
and Saginaw Bay have 100-year flood elevations of 585.00 feet (NAVD88) as provided in Appendix A —
FEMA Flood Elevation and Lake Huron Normal Elevation. The lowest elevation along the perimeter berm
is 600.5 feet (NAVDS88), which allows for 15.50 feet of freeboard during the 100-year flood event. Therefore,

the Saginaw Bay and Saginaw River should not to be an inflow source to the Karn Lined Impoundment.

2.2 Internal Flood Control

The only inflow other than process water will be precipitation directly falling on the Karn Lined Impoundment
and surrounding drainage areas from a 100-year 24-hour storm event of 5.99 inches, as provided in
Appendix B - Rainfall Data. Process water flow is approximately 2,370 gpm that cycles for 2.5 hours every
8 hours. The discharge structure in the perimeter berm includes two 18-inch DR 11 HDPE pipes. Table

2.2.1 below provides a summary of the outflow structure.

Table 2.2.1 - Discharge Structure Summary

. . Length | Upstream | Downstream
swcure | P | anches) | e | vene) | ooy | ©° "
(Feet) | (NAVDSS) | (NAVDSS)
Karn Lined HDPE 18 40 597.0 596.6 1.00
Impoundment

Table 2.2.2 below provides a storm flow summary that indicates that the Karn Lined Impoundment is
contained with 2.40 feet of freeboard and a peak discharge rate of 6.62 cubic feet per second (cfs) during

the design storm event (100-year 24-hour). The modeled results indicate that:

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)
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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 257.74(e)(1)(i).

Table 2.2.2 — Storm Flow Data

Perimeter Berm Pond Elevation Peak Outflow
Area Elevation 100-year,24-hour (cfs)
(NAVD 88) (NAVD 88)
Karn Lined 600.5 598.10 6.62
Impoundment
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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(9)(4).”
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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 [ 2 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...

Back to Top
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APPENDIX C
HYDROLOGIC AND HYDRAULIC MODEL OUTPUT



[TITLE]

[OPTIONS]
FLOW_UNITS GPM
SUBBASIN_HYDROGRAPH  EPA SWMM
INFILTRATION SCS Curve Number
LINK_ROUTING Hydrodynamic
START_TIME 00:00:00
REPORT_START_DATE 07/25/2016
REPORT_START_TIME 00:00:00
END_DATE 07/28/2016
END_TIME 00:00:00
SWEEP_START 01/01
SWEEP_END 12731
DRY_DAYS 0
REPORT_STEP 00:05:00
WET_STEP 00:05:00
DRY_STEP 01:00:00
ROUTING_STEP 0:00:30
ALLOW_PONDING YES
INERTIAL_DAMPING PARTIAL
VARIABLE_STEP 0.75
LENGTHENING_STEP 0
MIN_SURFAREA 0
NORMAL_FLOW_LIMITED  BOTH
SKIP_STEADY_STATE NO
FORCE_MAIN_EQUATION  H-W
LINK_OFFSETS DEPTH
MIN_SLOPE 0
[RAINGAGES]
s Rain Recd. Snow Source Station Rain
; ;Name Type Freq. Catch Source Name 1D Units
Rain Gage-01 CUMULATIVE 0:06 1.0 TIMESERIES TS-02
[SUBCATCHMENTS]
s Total Pcnt. Pcnt. Curb
Snow
; ;Name Raingage Outlet Area Imperv  Width Slope Length
Pack
Sub-01 Rain Gage-01 SettlingBasin 1.778000 100 500 0.5 0
[SUBAREAS]
; ;Subcatchment N-Imperv N-Perv S-Imperv S-Perv PctZero RouteTo PctRouted
Sub-01 0.015 0.1 0.08 0.20 0 OUTLET
[INFILTRATION]
; ;Subcatchment CurveNum  HydCon DryTime
Sub-01 98.00 0.15 7
[OUTFALLS]
s Invert Outfall Stage/Table Tide
; ;Name Elev. Type Time Series Gate
Outfall 596.6 FIXED 596.6 NO
[STORAGE]
5 Invert Max. Init. Shape Shape Ponded Evap.
; ;Name Elev. Depth Depth Curve Parameters Area Frac.
SettlingBasin 592 8.5 5 TABULAR SettlingBasin_Storage 41831

Autodesk Storm and Sanitary Analysis



0

[CONDUITS]
s Inlet Outlet Manning Inlet Outlet
Init. Maximum
; sName Node Node Length N Height Height
Flow Flow

Cross-OverPipes SettlingBasin Outfall 40 0.015 5 0
0 0
[XSECTIONS]
;sLink Type Geoml Geom2 Geom3 Geom4d Barrels
CulvertCode

Cross-0OverPipes CIRCULAR 1.211 0 1 1 2 3
[LOSSES]
;s;Link Inlet Outlet Average Flap Gate
,,Cross—OverPipes 0.5 1.0 0 NO
[INFLOWS]
s Param Units Scale Baseline Baseline
; ;Node Parameter Time Series Type Factor Factor Value Pattern
ééttlingBasin FLOW SlugEvent FLOW 1.0 2370
[CURVES]
; ;Name Type X-Value Y-Value

3745.17
4600.55

PolishingBasin_Storage Storage 0
PolishingBasin_Storage 1
PolishingBasin_Storage 2 5528.6
PolishingBasin_Storage 3 6529.31
PolishingBasin_Storage 4 7602.69
PolishingBasin_Storage 5 8748.73
PolishingBasin_Storage 6 9967.44
7

PolishingBasin_Storage 11258.82
SettlingBasin_Storage Storage 0 26735.11
SettlingBasin_Storage 1 29611.25
SettlingBasin_Storage 2 32558.97
SettlingBasin_Storage 3 35578.28
SettlingBasin_Storage 4 38669.18
SettlingBasin_Storage 5 41831.66
SettlingBasin_Storage 6 45065.74
SettlingBasin_Storage 7 48371.4
[TIMESERIES]
; ;Name Date Time Value

SlugEvent 7/25/2016 0:00 0

SlugEvent 7/25/2016 2:14 0

SlugEvent 7/25/2016 2:15 1

SlugEvent 7/25/2016 4:45 1

SlugEvent 7/25/2016 4:46 0

SlugEvent 7/25/2016 10:14 0

SlugEvent 7/25/2016 10:15 1

SlugEvent 7/25/2016 12:45 1

SlugEvent 7/25/2016 12:46 0

SlugEvent 7/25/2016 18:14 0

SlugEvent 7/25/2016 18:15 1

SlugEvent 7/25/2016 20:45 1

Autodesk Storm and Sanitary Analysis



SlugEvent 7/25/2016 20:46 0
SlugEvent 7/26/2016 2:14 0
SlugEvent 7/26/2016 2:15 1
SlugEvent 7/26/2016 4:45 1
SlugEvent 7/26/2016 4:46 0
SlugEvent 7/26/2016 10:14 0
SlugEvent 7/26/2016 10:15 1
SlugEvent 7/26/2016 12:45 1
SlugEvent 7/26/2016 12:46 0
SlugEvent 7/26/2016 18:14 0
SlugEvent 7/26/2016 18:15 1
SlugEvent 7/26/2016 20:45 1
SlugEvent 7/26/2016 20:46 0
SlugEvent 7/27/2016 2:14 0
SlugEvent 7/27/2016 2:15 1
SlugEvent 7/27/2016 4:45 1
SlugEvent 7/27/2016 4:46 0
SlugEvent 7/27/2016 10:14 0
SlugEvent 7/27/2016 10:15 1
SlugEvent 7/27/2016 12:45 1
SlugEvent 7/27/2016 12:46 0
SlugEvent 7/28/2016 0:00 0

;100-year cumulative storm for Bay County, Michigan, with a total rainfall amount of 5.99 in
using a SCS Type 11 24-hr storm distribution.

TS-02 0:00 0.00000
TS-02 0:06 0.00602
TS-02 0:12 0.01210
TS-02 0:18 0.01824
TS-02 0:24 0.02444
TS-02 0:30 0.03070
TS-02 0:36 0.03702
TS-02 0:42 0.04340
TS-02 0:48 0.04984
TS-02 0:54 0.05634
TS-02 1:00 0.06290
TS-02 1:06 0.06951
TS-02 1:12 0.07619
TS-02 1:18 0.08293
TS-02 1:24 0.08973
TS-02 1:30 0.09659
TS-02 1:36 0.10351
TS-02 1:42 0.11049
TS-02 1:48 0.11752
TS-02 1:54 0.12462
TS-02 2:00 0.13178
TS-02 2:06 0.13900
TS-02 2:12 0.14628
TS-02 2:18 0.15361
TS-02 2:24 0.16101
TS-02 2:30 0.16847
TS-02 2:36 0.17599
TS-02 2:42 0.18356
TS-02 2:48 0.19120
TS-02 2:54 0.19890
TS-02 3:00 0.20666
TS-02 3:06 0.21447
TS-02 3:12 0.22235
TS-02 3:18 0.23029
TS-02 3:24 0.23828
TS-02 3:30 0.24634
TS-02 3:36 0.25446
TS-02 3:42 0.26263
TS-02 3:48 0.27087
TS-02 3:54 0.27916
TS-02 4:00 0.28752
TS-02 4:06 0.29597
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TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
TS-02
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TS-02 10:
TS-02 10:
TS-02 10:
TS-02 10:
TS-02 10:
TS-02 10:
TS-02 10:
TS-02 10:
TS-02 10:
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.30453
.31322
.32202
-33095
-33999
.34916
.35844
.36785
37737
.38701
.39678
.40666
.41666
.42679
.43703
.44739
.45788
.46848
.47920
-49004
.50100
.51209
.52329
.53461
.54605
.55761
.56929
.58109
.59301
.60505
.61721
.62949
.64189
.65441
.66705
.67981
.69268
. 70568
.71880
.73228
.74635
.76103
. 77630
.79218
.80865
.82572
.84339
.86166
.88053
-89970
.91887
-93803
.95720
.97637
-99602
.01662
.03819
.06071
.08419
.10887
-13499
.16254
.19153
.22196
.25431
.28905
.32619



TS-02 10:
TS-02 11:
TS-02 11:
TS-02 11:
TS-02 11:
TS-02 11:
TS-02 11:
TS-02 11:
TS-02 11:
TS-02 11:
TS-02 11:
TS-02 12:
TS-02 12:
TS-02 12:
TS-02 12:
TS-02 12:
TS-02 12:
TS-02 12:
TS-02 12:
TS-02 12:
TS-02 12:
TS-02 13:
TS-02 13:
TS-02 13:
TS-02 13:
TS-02 13:
TS-02 13:
TS-02 13:
TS-02 13:
TS-02 13:
TS-02 13:
TS-02 14:
TS-02 14:
TS-02 14:
TS-02 14:
TS-02 14:
TS-02 14:
TS-02 14:
TS-02 14:
TS-02 14:
TS-02 14:
TS-02 15:
TS-02 15:
TS-02 15:
TS-02 15:
TS-02 15:
TS-02 15:
TS-02 15:
TS-02 15:
TS-02 15:
TS-02 15:
TS-02 16:
TS-02 16:
TS-02 16:
TS-02 16:
TS-02 16:
TS-02 16:
TS-02 16:
TS-02 16:
TS-02 16:
TS-02 16:
TS-02 17:
TS-02 17:
TS-02 17:
TS-02 17:
TS-02 17:
TS-02 17:
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.36572
.40765
.45365
.50541
.56291
.62617
.69517
.83797
.12262
.58045
.40148
.97137
.08494
.18485
.27111
.34371
.40265
.45321
.50065
.54497
.58618
.62428
.65998
.69400
.72635
.75702
.78601
.81356
.83992
.86508
.88904
-91180
.93375
.95529
.97640
.99710
.01737
.03723
.05667
.07569
.09429
.11247
.13023
.14757
.16449
.18099
.19707
.21274
.22798
.24281
.25721
.27120
.28491
.29845
.31185
.32511
.33822
.35117
.36397
.37662
.38913
.40148
.41368
.42574
.43764
-44940
.46101



TS-02 17:36 5.47246
TS-02 17:42 5.48377
TS-02 17:48 5.49493
TS-02 17:54 5.50594
TS-02 18:00 5.51679
TS-02 18:06 5.52749
TS-02 18:12 5.53805
TS-02 18:18 5.54847
TS-02 18:24 5.55872
TS-02 18:30 5.56883
TS-02 18:36 5.57879
TS-02 18:42 5.58859
TS-02 18:48 5.59825
TS-02 18:54 5.60776
TS-02 19:00 5.61712
TS-02 19:06 5.62634
TS-02 19:12 5.63539
TS-02 19:18 5.64431
TS-02 19:24 5.65306
TS-02 19:30 5.66167
TS-02 19:36 5.67013
TS-02 19:42 5.67844
TS-02 19:48 5.68661
TS-02 19:54 5.69462
TS-02 20:00 5.70248
TS-02 20:06 5.71025
TS-02 20:12 5.71799
TS-02 20:18 5.72570
TS-02 20:24 5.73339
TS-02 20:30 5.74104
TS-02 20:36 5.74866
TS-02 20:42 5.75625
TS-02 20:48 5.76382
TS-02 20:54 5.77135
TS-02 21:00 5.77885
TS-02 21:06 5.78632
TS-02 21:12 5.79377
TS-02 21:18 5.80118
TS-02 21:24 5.80856
TS-02 21:30 5.81592
TS-02 21:36 5.82324
TS-02 21:42 5.83053
TS-02 21:48 5.83779
TS-02 21:54 5.84502
TS-02 22:00 5.85223
TS-02 22:06 5.85940
TS-02 22:12 5.86655
TS-02 22:18 5.87366
TS-02 22:24 5.88074
TS-02 22:30 5.88779
TS-02 22:36 5.89482
TS-02 22:42 5.90181
TS-02 22:48 5.90878
TS-02 22:54 5.91571
TS-02 23:00 5.92261
TS-02 23:06 5.92948
TS-02 23:12 5.93633
TS-02 23:18 5.94314
TS-02 23:24 5.94993
TS-02 23:30 5.95668
TS-02 23:36 5.96340
TS-02 23:42 5.97010
TS-02 23:48 5.97676
TS-02 23:54 5.98339
TS-02 24:00 5.99000

;1000-year cumulative storm for Bay County, Michigan, with a total rainfall amount of 9.77 in
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using a SCS Type 11 24-hr storm
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
TS-03
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distribution.

:00
-06
t12
:18
t24
-30
-36
t42
:48
54
:00
:06
t12
:18
t24
-30
:36
t42
:48
54
:00
:06
t12
:18
:24
:30
:36
t42
:48
54
00
06
t12
:18
:24
=30
:36
t42
:48
54
-00
:06
t12
:18
:24
-30
-36
t42
:48
54
:00
-06
t12
:18
:24
-30
:36
:42
:48
54
00
:06
t12
:18
:24
:30
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.00000
.00982
.01974
.02975
.03986
.05007
.06038
.07078
.08129
.09189
.10259
.11338
.12427
.13527
.14635
.15754
.16883
.18021
.19169
.20326
.21494
.22671
.23858
.25055
.26262
.27478
.28704
.29940
.31186
.32441
.33707
.34981
.36266
.37561
.38865
.40179
.41503
.42837
.44180
.45533
.46896
.48274
.49671
.51087
.52524
.53979
.55455
.56949
.58464
-59998
.61551
.63124
.64716
.66329
.67960
.69611
.71282
.72972
. 74682
.76411
.78160
.79928
.81716
.83524
.85351
.87197



TS-03 6:
TS-03 6:
TS-03 6:
TS-03 6:
TS-03 7:
TS-03 7:
TS-03 7:
TS-03 7:
TS-03 7:
TS-03 7:
TS-03 7:
TS-03 7:
TS-03 7:
TS-03 7:
TS-03 8:
TS-03 8:
TS-03 8:
TS-03 8:
TS-03 8:
TS-03 8:
TS-03 8:
TS-03 8:
TS-03 8:
TS-03 8:
TS-03 9:
TS-03 9:
TS-03 9:
TS-03 9:
TS-03 9:
TS-03 9:
TS-03 9:
TS-03 9:
TS-03 9:
TS-03 9:
TS-03 10:
TS-03 10:
TS-03 10:
TS-03 10:
TS-03 10:
TS-03 10:
TS-03 10:
TS-03 10:
TS-03 10:
TS-03 10:
TS-03 11:
TS-03 11:
TS-03 11:
TS-03 11:
TS-03 11:
TS-03 11:
TS-03 11:
TS-03 11:
TS-03 11:
TS-03 11:
TS-03 12:
TS-03 12:
TS-03 12:
TS-03 12:
TS-03 12:
TS-03 12:
TS-03 12:
TS-03 12:
TS-03 12:
TS-03 12:
TS-03 13:
TS-03 13:
TS-03 13:
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.89063
-90949
.92854
.94779
.96723
.98687
.00670
.02673
.04695
.06737
.08799
.10880
.12980
.15100
.17240
-19438
.21734
.24128
.26619
.29208
.31895
.34679
.37562
.40541
.43619
.46745
.49872
.52998
.56125
.59251
.62456
.65816
.69334
.73007
.76837
.80862
.85122
.89616
.94345
-99308
.04584
.10250
.16308
.22756
.29595
.37098
.45540
.54919
.65236
.76491
.99783
.46210
.20885
.54798
47751
.66275
.82571
.96640
.08481
.18095
.26341
.34079
.41309
.48030
.54244
.60067
.65616



TS-03 13:
TS-03 13:
TS-03 13:
TS-03 13:
TS-03 13:
TS-03 13:
TS-03 13:
TS-03 14:
TS-03 14:
TS-03 14:
TS-03 14:
TS-03 14:
TS-03 14:
TS-03 14:
TS-03 14:
TS-03 14:
TS-03 14:
TS-03 15:
TS-03 15:
TS-03 15:
TS-03 15:
TS-03 15:
TS-03 15:
TS-03 15:
TS-03 15:
TS-03 15:
TS-03 15:
TS-03 16:
TS-03 16:
TS-03 16:
TS-03 16:
TS-03 16:
TS-03 16:
TS-03 16:
TS-03 16:
TS-03 16:
TS-03 16:
TS-03 17:
TS-03 17:
TS-03 17:
TS-03 17:
TS-03 17:
TS-03 17:
TS-03 17:
TS-03 17:
TS-03 17:
TS-03 17:
TS-03 18:
TS-03 18:
TS-03 18:
TS-03 18:
TS-03 18:
TS-03 18:
TS-03 18:
TS-03 18:
TS-03 18:
TS-03 18:
TS-03 19:
TS-03 19:
TS-03 19:
TS-03 19:
TS-03 19:
TS-03 19:
TS-03 19:
TS-03 19:
TS-03 19:
TS-03 19:
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.70892
.75894
.80623
.85117
.89416
.93519
.97427
.01140
.04721
.08233
.11677
.15052
.18360
.21598
.24769
.27871
-30904
.33870
.36766
.39595
.42355
.45046
.47670
.50224
.52711
.55129
57479
.59760
.61995
.64205
.66391
.68553
.70691
.72803
.74891
. 76955
.78994
.81010
.83000
.84967
.86908
.88826
.90718
.92587
.94432
.96251
.98047
.99817
.01563
.03285
.04983
.06656
.08305
.09929
.11528
.13104
.14655
.16182
.17684
.19162
.20615
.22044
.23448
.24828
.26183
.27515
.28822



TS-03 20:00 9.30104
TS-03 20:06 9.31371
TS-03 20:12 9.32634
TS-03 20:18 9.33892
TS-03 20:24 9.35145
TS-03 20:30 9.36393
TS-03 20:36 9.37637
TS-03 20:42 9.38875
TS-03 20:48 9.40108
TS-03 20:54 9.41338
TS-03 21:00 9.42561
TS-03 21:06 9.43779
TS-03 21:12 9.44993
TS-03 21:18 9.46202
TS-03 21:24 9.47407
TS-03 21:30 9.48606
TS-03 21:36 9.49800
TS-03 21:42 9.50990
TS-03 21:48 9.52174
TS-03 21:54 9.53354
TS-03 22:00 9.54529
TS-03 22:06 9.55698
TS-03 22:12 9.56864
TS-03 22:18 9.58024
TS-03 22:24 9.59180
TS-03 22:30 9.60329
TS-03 22:36 9.61475
TS-03 22:42 9.62616
TS-03 22:48 9.63752
TS-03 22:54 9.64882
TS-03 23:00 9.66009
TS-03 23:06 9.67129
TS-03 23:12 9.68246
TS-03 23:18 9.69357
TS-03 23:24 9.70464
TS-03 23:30 9.71565
TS-03 23:36 9.72662
TS-03 23:42 9.73753
TS-03 23:48 9.74841
TS-03 23:54 9.75922
TS-03 24:00 9.77000
[REPORT]
INPUT YES

CONTROLS  YES

[OPTIONS]
TEMPDIR ""C:\Users\jhansel\AppData\Local\Temp\"
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Autodesk® Storm and Sanitary Analysis 2016 - Version 11.1.55 (Build 1)

Project Description

File Name ...... ... ........ Flood Control Plan.SPF

Analysis Options

Flow Units ................ GPM

Subbasin Hydrograph Method. EPA SWMM
Infiltration Method ....... SCS Curve Number
Link Routing Method ....... Hydrodynamic

Storage Node Exfiltration.. None

Starting Date ............. JUL-25-2016 00:00:00
Ending Date ......._......... JUL-28-2016 00:00:00
Antecedent Dry Days ....... 0.0

Report Time Step .......... 00:05:00

Wet Time Step ............. 00:05:00

Dry Time Step ............. 01:00:00

Routing Time Step ......... 30.00 sec

R S o

Element Count

Fhkhkh kA hkhk ik

Number of rain gages ...... 1
Number of subbasins ....... 1
Number of nodes ........... 2
Number of links ........... 1
Number of pollutants ...... 0
Number of land uses ....... 0

Raingage Summary

Gage Data Data Recording
ID Source Type Interval
min

Rain Gage-01 TS-02 CUMULATIVE 6.00
Subbasin Summary
Subbasin Total Equiv. Imperv. Average Raingage

Area Width Area Slope
1D acres ft % %
Sub-01 1.78 500.00 100.00 0.5000 Rain Gage-01
KAAAAAAAAAAK
Node Summary
E ks s s e
Node Element Invert  Maximum Ponded External
1D Type Elevation Elev. Area Inflow

ft ft ft2

Outfall OUTFALL 596.60 597.81 0.00
SettlingBasin STORAGE 592.00 600.50 41831.00 Yes

Autodesk Storm and Sanitary Analysis



KEAAAAAAAAAKK

Link Summary

e s

Link From Node To Node Element Length Slope Manning®s
ID Type ft % Roughness
Cross-OverPipes SettlingBasin Outfall CONDUIT 40.0 1.0000 0.0150

Cross Section Summary

Link Shape Depth/ Width No. of Cross Full Flow
Design
ID Diameter Barrels Sectional Hydraulic
Flow
Area Radius
Capacity
ft ft ft2 ft
GPM
Cross-0OverPipes CIRCULAR 1.21 1.21 2 1.15 0.30
2309.11
Volume Depth
Runoff Quantity Continuity acre-ft inches
Total Precipitation ...... 0.888 5.990
Evaporation Loss ......... 0.000 0.000
Infiltration Loss ........ 0.000 0.000
Surface Runoff ..___._....__. 0.878 5.928
Final Surface Storage .... 0.012 0.080
Continuity Error (%) ..... -0.297
Volume Volume
Flow Routing Continuity acre-ft Mgallons
Dry Weather Inflow ....... 0.000 0.000
Wet Weather Inflow ....... 0.879 0.286
Groundwater Inflow ....... 0.000 0.000
RDIN Inflow .............. 0.000 0.000
External Inflow ...._....._. 8.786 2.863
External Outflow ......... 9.525 3.104
Surface Flooding ......... 0.000 0.000
Evaporation Loss ......... 0.000 0.000
Initial Stored Volume .... 3.919 1.277
Final Stored Volume ...... 4.058 1.322
Continuity Error (%) ..... -0.001

Composite Curve Number Computations Report

Area Soil
Soil/Surface Description (acres) Group CN
- 1.41 - 98.00
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Composite Area & Weighted CN 1.41 98.00

EPA SWMM Time of Concentration Computations Report

Tc = (0.94 * (L"0.6) * (n"0.6)) 7/ ((in0.4) * (870.3))
Where:

Tc = Time of Concentration (min)

L = Flow Length (ft)

n = Manning®s Roughness

i = Rainfall Intensity (in/hr)
S = Slope (ft/ft)

Flow length (ft): 154.91
Pervious Manning"s Roughness: 0.10000
Impervious Manning®"s Roughness: 0.01500
Pervious Rainfall Intensity (in/hr): 0.24958
Impervious Rainfall Intensity (in/hr): 0.24958
Slope (%): 0.50000
Computed TOC (minutes): 13.32

Subbasin Runoff Summary

Subbasin Total Total Total Total Total Peak Runoff
Time of

ID Rainfall Runon Evap. Infil. Runoff Runoff Coefficient
Concentration

in in in in in GPM days

hh:mm:ss

Sub-01 5.99 0.00 0.00 0.00 5.93 6423.29 0.990 0
00:13:18

Node Average Maximum Maximum Time of Max Total Total Retention

ID Depth Depth HGL Occurrence Flooded Time Time
Attained Attained Attained Volume Flooded

ft ft ft days hh:imm acre-in minutes hh:mm:ss

Outfall 0.38 0.71 597.31 0 12:31 0 0 0:00:00

SettlingBasin 5.55 6.10 598.10 0 12:31 0 0 0:00:00
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Node Flow Summary

Node Element Maximum Peak Time of Maximum Time of Peak
1D Type Lateral Inflow Peak Inflow Flooding Flooding
Inflow Occurrence Overflow Occurrence
GPM GPM days hh:imm GPM days hh:imm
Outfall OUTFALL 0.00 2970.65 0 12:31 0.00
SettlingBasin STORAGE 8788.81 8788.81 0 12:00 0.00

Storage Node Summary

Storage Node ID Maximum Maximum Time of Max Average Average Maximum
Maximum Time of Max. Total
Ponded Ponded Ponded Ponded Ponded Storage Node
ExFiltration Exfiltration Exfiltrated
Volume Volume Volume Volume Volume Outflow
Rate Rate Volume
1000 ft3 %) days hh:mm 1000 ft3 ) GPM
cfm hh:mm:ss 1000 ft3
SettlingBasin 218.476 65 0 12:31 194.107 58 2970.65
0.00 0:00:00 0.000

Outfall Loading Summary

Outfall Node ID Flow Average Peak
Frequency Flow Inflow

) GPM GPM

Outfall 99.24 1074.05 2970.65
System 99.24 1074.05 2970.65

Link ID Element Time of Maximum Length Peak Flow Design Ratio of
Ratio of Total Reported
Type Peak Flow Velocity Factor during Flow  Maximum
Maximum Time Condition
Occurrence Attained Analysis Capacity /Design

Flow Surcharged
days hh:mm ft/sec GPM GPM Flow
Depth minutes
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Cross-0verPipes CONDUIT 0 12:31 3.62 1.00 2970.65 4618.22 0.64
0.74 0 Calculated

Flow Classification Summary

--- Fraction of Time in Flow Class ---- Avg. Avg.

Up Down Sub Sup Up Down Froude Flow
Link Dry Dry Dry Crit Crit Crit Crit Number  Change
Cross-OverPipes 0.01 0.00 0.00 0.99 0.00 0.00 0.00 0.80 0.0009

Time-Step Critical Elements

Link Cross-OverPipes (90.99%)

Highest Flow Instability Indexes

All links are stable.

Routing Time Step Summary

Minimum Time Step : 3.29 sec
Average Time Step : 7.23 sec
Maximum Time Step : 30.00 sec
Percent in Steady State : 0.00
Average lterations per Step : 2.00

Analysis began on: Tue May 29 15:45:20 2018
Analysis ended on: Tue May 29 15:45:21 2018
Total elapsed time: 00:00:01
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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

éA ! GOlder Engineering Earth’s Development, Preserving Earth’s Integrity
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ASSOCIateS Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation
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