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Module 12 Learning Objectives:

= Learn how to analyse multiple stressors impacts
on stormwater and wastewater systems

= Describe models and tools to design water
system adaptation for water qualtiy objectives
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Modeling and Quantitative Analysis for Adaptation

Key Topics: Module 12 4

Precipitation change leading to
watershed and catchment basin
hydrological changes (runoff, pollutant
transport, etc.)

Modeling methods are available to
qguantify the change and thus develop
adaptation accordingly

Major topics for modeling analysis:

v’ Stormwater runoff and impacts on
stormwater infrastructure
hydraulic capacity

v’ Changing stormwater runoff and
combined sewer overflow (CSO) in
CSS infrastructures

v’ Changes in surface water quality of
a watershed and thus the stream
carrying capacity for discharges

Modeling methods and tools
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/Drivers affecting stormwater, wastewater \
infrastructure, combined sanitary sewers (CSS):

* Precipitation/runoff changes in future
* Land use changes, particularly urbanization
* Aging infrastructure

* Application of green infrastructure and
stormwater BMPs

Also in coastal area:

e Storm surge and wind damage, impacting
physical integrity and operation

e Sealevelrise, resulting in less hydraulic gradient
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Impacts on Stormwater Infrastructure and @f
Wastewater Discharges =

Changes in precipitation and land

cover can significantly affect Changes in precipitation and

surface runoff properties hence runoff can significantly
Changes in precipitation can affect impact BMP designs, such as swirl
green infrastructure designs (e.g., and retention ponds

permeable pavement, green roof, etc.)
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Stormwater collectidon / conveyance BMPs. LIDs in Catchment

Changes in precipitation and land
cover can impact combined sewer Permits for stormwater and treated
system (CSS) in combined sewer wastewater effluent discharge may
overflows (CSO) change due to stream’s carrying

capacity in future climate

MAGEEP Education Network



Stormwater and CSS Adaptation Planning and Design

=

e Design Storm: Historical data are used
to calculate peak flow from a
maximum precipitation over a specific
time return interval (RI)

= 100-year Rl (e.g., large reservoirs)
= 25-year Rl (e.g., water mains)
= 5-year Rl (e.g., street drains)

* Collection pipe, pump station,
diversion structure in CSS, stormwater
best management practices or BMPs
(e.g., retention pond, green garden, .
etc.) are directly dependent upon SANITARY Broken Fipe

SEWER MAIN >~ )
deS|gn preC|p|tat|0n . Deteriorated Manhole ‘
INFILTRATION SOURCES (white text)

Sewer  (onnection |

* (SO events occur in high-intensity
runoffs
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Rainfall (cm/hr)

Runoff (m3/s)

Adaptation for Urban Runoff @;
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* Rainfall-runoff hydrograph on right follows important hydrological

properties:
v The runoff shape (peak flow and ToC) depends on rainfall
intensity and ground curve number (CN)
v" More intense rainfall, higher peak flow and steeper rising limb
v Impervious ground with greater CN vyields greater runoff, higher
peak flow, shorter ToC, and large runoffs

* These relations are described by runoff models such as those using
SCS CN method

* Use of green infrastructure (G.l.) and best management practices
(BMPs) flattens the runoff curve, reduce runoff volume and peak flow
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Adaptation for Urban Runoff

Sizing the pipe, pump, and conveyance systems:

Sewer pipe design (hydraulic profiles)

* Pipe flow (Hazen-Williams equation): 2 2 2 z
Velocity (ft/s) ‘o g 2 z z

135
130
< 125
Q
£ 120

IV =1.318C R0'63 50'54 %115
' . Slope e

Roughness coefficient

105
Hydraulic radius 12,000 10,000 8,000 6000 4,000 2000 0
Distance (ft)
01/01/2002 01:30:00
* Open channel flow (Manning’s equation): Routing design
FIOW rate (ft3/s) 181068 823000 80608, 804080 16106¢. B2306¢ 80608, 80408¢c

102086 1600b Orifice Examphezos:R! @82300:-15000 Weir Example
OR1 @82309- 150090
Flow area ]
49 10309b, 16008bp,  15009byy, 81309bgy, S1009b10308c, 16008cp, 15008e,  81309co, S1009c
e e
16100z, 82300ap, 80608y, 804083 16100eEzpE 0y sos0edgy  S040%d
L ——] r——opm———o—

Q — L. AR0'75 50.5

n / 102083 14003 Fixed Boundary Elﬂ%%i L

Hydraulic radius

Side Outlet Orifice Exam|
10203 10204

103092, 10000ap,; 15000ag, §1309ay, 91009210009dy 10000dy, 15000dyy  81300dp 810084

16108, 02008)g) 00608y  B0400 161005, 62000ep, G0BDBey,  80408e

10208 1600 10203:MP1 @62309e- 15000

Extran 1 Example '\ i
el B Type 2 Pump Example

. 10209 16008 15009 21209 210004103090, 16000ap,  15000a;, #1309, 81009
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Adaptation for Urban Runoff

Using software to assist planning and design

EPA National Stormwater Calculator — Climate Assessment Tool

Filz Edt Wiew FProject Report Window Help
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To Install the Calculator on Your Computer:
1.Download the National Stormwater Calculator
Version 1.1.0.2 (EXE) (17 MB)

2.1f your browser offers the option to run the setup
program then do so.

3.0therwise have your browser display its list of recent
downloads and select the setup file to run it.

4.1f you have problems installing the calculator contact
your system administrator or try the alternative method
described below.

To download the SWMM

Date

01/29/2016

09/08/2016

09/07/2016

09/07/2016

09/30/2015
07/06/2010

09/19/2006

05/25/2005

Description

Storm Water Management Model Reference Manual Volume

1 - Hydrology (PDF) (235 pp, 3.8 MB) January 2016 Revised,
EPA No. 600/R-15/162A.

Storm Water Management Model Reference Manual Volume
Il — Water Quality (PDF)(161 pp, 1.6 MB) July 2016, EPA No.
600/R-16/093

Self-extractinginstallation program for SWMM 5.1.011
(EXE)(5 MB)

SWMM 5.1.011 Interface Guide (ZIP)(47 K)

SWMM 5.1 User’s Manual (PDF) (353 pp, 10.2 M)

SWMM Applications Manual (ZIP)(7 MB)

Quality Assurance report for dynamic wave flow routing

(ZIP)(3MB)

Utility for converting SWMM 4 data files to SWMM 5 files
(EXE) Version 1.2(2 MB)



https://www.epa.gov/sites/production/files/2016-02/stormwatercalculator1.1.0.2_setup.exe
http://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P100NYRA.txt
https://nepis.epa.gov/Exe/ZyPDF.cgi/P100P2NY.PDF?Dockey=P100P2NY.PDF
https://www.epa.gov/sites/production/files/2016-09/swmm51011_setup.exe
https://www.epa.gov/sites/production/files/2016-09/swmm5_iface.zip
http://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P100N3J6.TXT
https://www.epa.gov/sites/production/files/2014-05/epaswmm5_apps_manual.zip
https://www.epa.gov/sites/production/files/2014-05/epaswmm5_qa.zip
https://www.epa.gov/sites/production/files/2014-05/swmm4to5_setup.exe

Adaptation for Urban Runoff: Green Infrastructure

Components of Runoff

Evaporation

: Depression
storage

vl : Overland ™
Percolation flow

2 Interflow Y

r'l;anlplrlﬂun

Infiltration

Water partitioning in urban area:
evapotranspiration, infiltration, surface
runoff, water diversion for human use

r N s -

= Agent-based modeling

= Soil conservation method

Landscape alteration and mitigation

= Land use = local climate = urban
hydrology

= Role of green infrastructure
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Modeling and Monitoring Surface Water Impacts

Modeling and Quantitative Analysis for Adaptation

Precipitation change leading to watershed and catchment basin
hydrological changes (runoff, pollutant transport, etc.)

Modeling methods are available to quantify the change and thus
develop adaptation accordingly
Major topics for modeling analysis:

v" Stormwater runoff and impacts on stormwater infrastructure
hydraulic capacity

v" Changing stormwater runoff and combined sewer overflow (CSO) in
CSS infrastructures

v" Changes in surface water quality of a watershed and thus the
stream carrying capacity for discharges

Modeling methods and tools

MAGEEP Education Network
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Modeling and Monitoring Surface Water Impacts ‘§7‘§§

Integrated Land Use and Hydrological Simulation
for Water Qualtiy Impacts in a Watershed

* Climate impact modeling: Precipitation

. . Future climate
changes by climate models or planning inputs
scenarios

* Population modeling: Often based on Land Use l
opulation census model and results
pop model Hydrologic
* Land use modeling: by either mechanistic Population model
models (e.g., CA-Markov) or statistical model
models (e.g., ICLUS)

 Hydrological modeling: Based on CA-MClanduse | |

hydrological models (e.g., HSPF) to simulate projection @ t,,
stream flow and water quality response

pree

HSPF stream
The models are coupled together for future projections @ t, ,

proe

hydrological changes. Note that model calibration
and validation in both stream flow and water
quality are essential
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Modeling and Monitoring Surface Water Impacts

— Example in Little Miami River Watershed, U.S.A.

Projection: NAD1983, State Plane, Ohio South

Data Sources: ESRI data, USDA data 2 Yl" 2050

Models calibrated for
observed land use
changes, and changes ir
flow and water qualitie:
(total N and P).

- Urban
| Forest
- Agriculiure
L- Otners |

a 0 0 0

O rs

Projechion: NAD 1983, State Plane. Ohio Soulh
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Modeling and Monitoring Surface Water Impacts
— Example in Little Miami River Watershed, U.S.A.

1:1/[;?n % difference | Mean daily.TP di ff% Mean daily N | % difference
Scenario ﬂow}; from NO concentration vlvi t;r?\l]l(c)e concentration with NO

(g | CHANGE® | (mgl) | chianges | (L) | CHANGE®
No change (NO CHANGE) 32.31 0.342 2.77
Land use change only (LU) 41.71 29.09% 0.356 4.09% 2.86 3.25%
xgtzt)e“ precipitation change only 42.20 30.61% 0.391 14.33% 2.99 7.94%
cwhzt;eztspr@;pfitgn and land use 46.47 43.83% 0.415 21.35% 3.09 11.55%
Wet precipitation and land use o o .
changes (W4+ LU) 37.55 16.22% 0.370 8.19% 2.97 7.22%
Dry precipitation change only (D2) 16.00 -50.48% 0.368 7.60% 2.81 1.44%
thr;'npr:Sc“]’)ltzafi%and land use 18.12 -43.92% 0.383 11.99% 2.85 2.89%
Driest precipitation and land use o o .
changes (D4 + LU) 15.16 -53.08% 0.365 6.73% 2.88 3.97%

* 2050 land use — Model projected using CA-MC

K/

% 2050 Climate scenario: +2 °C or 4 °C temperature increase

K/

% 2050 Climate scenario: + 20% or -20% precipitation change
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Modeling and Monitoring Surface Water Impacts
— Monitoring Methods and Techniques

e Satellite-based daily high-
resolution monitoring of climate
and impacts

centration (mg L)
°
w
18 U B 1Y

(

(}
||.‘.I.|.,I

o
Jan-04  Jan-05 Jan-06 Jan-07 Jan-08 Jan-09 Jan-10 Jan-11 Jan-12

* For monitoring water quality e s i =
TP in Tampa Bay (hydrol. response) ===

changes both short-term and
long-term

o Daily, high-resolution (250m)

o Several water quality
parameters related to Y R .
Cllm ate: TO C, tu rb| d ity, Turbidity in Lake Okeechobee (hurricane) Microcystin in western Lake Erie
chlorophyll-a, TN, TP, TSS,
DSS, microcystin

Adirondack Teleconnection Based ANN Forecast — 2008 - 2010

o Applicable to large and small
water bodies

Precipitation (mm/day)
{o ] = N w = v (=2} ~
i %%

oo M S N w000 O oM s NN w002 O da MM s DWW N0 0 O
TR IR AaR R Ry BRI EE QR 59 il
Q3>h:>QE>B:>I-Q.3>BC$Q.3>EC$Q3>EC>QE>E:£—
mmmmmmm
A" SEE8248°522828°52 £ 25> 2 EEaE 2288282
Observed Precipitation ==Training and Validation Forecast Precipitation
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Summary and Research Questions

* Hydroclimatic change affects surface runoff properties
and surface water quality in streams.

* Land use change in urbanization further exacerbates
the precipitation change impacts

* These changes can impact the design and operation of
stormwater, CSS and wastewater infrastructures

* Models are available to simulate the hydraulic and
water quality impacts for both urban catchment and
watersheds.

* Models for climate, land use, and population are often
integrated in projections

MAGEEP Education Network
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Research Questions

List uncertainty sources in runoff projections, and describe
how they impact the evaluation and adaptation design of a
CSS pipe system

How would the frequency and intensity of heavy
precipitation affect the design and sizing of a stormwater
conveyance pipe? What if the 10-year design 24-hour
precipitation will increase by 15%?

List the major variables in simulating stream flow for now
and 30 years in the future. The urban catchment will be
developed into predominant residential area in 30 years.

Assuming your city is located at ocean shore, what are the
major hydrological impacts from a class 4 hurricane and
associated storm surge? (Hint, list all major threats)

A
a8\
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\‘ N é -
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Looking ahead to the next module.....

* Next module: Models and Tools for Drinking Water System
Adaptation

e Scoping of project topics

Project and case studies

Case Studies to illustrate REgIOﬂ-SpECIfIC appllcatlons

specific water system
stressors and adaptation
considerations

Adaptation Principles: Hands-on exercises

Definition and
Research and data needs | gpplication to different

Policy considerations: DeC|5|on—support

(Modules 1-6) sce!narlos Examples of current
Assignment 1 policy frameworks. Methods. models. and Course outcomes
(Module 7) Opportunities and ethods, models, an

tools relevant to

individual and combined led b
effects from water Knowledge about water

system stressors system stressors

Research and data needs Adaptation principles
for decision support Research and data needs

challenges for
systematizing water
system adaptation.

Assignment 2 Assignment 3 Governance
Strengths and limitations
Modules 9-14
(Module 8) (Modules ) of models

Research directions
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