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Senior Water Engineer

Ten years’ experience in power generation and
municipal water sectors, including civil site,
stormwater controls, pump stations, and chemical
feed systems. He leads facilities design work in the
central Texas area and has supported projects in
the Northeast, Midwest, and South U.S.
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Stormwater and Green Infrastructure
Practice Leader

Thirty-four years’ experience in the analysis, design,
and construction phases of a variety of stormwater
projects. He specializes in municipal stormwater
management, with experience leading stormwater
planning and permitting projects in more than 20
states. He is a frequent speaker on webinars and at
conferences throughout the country, having made
more than 70 presentations on subjects ranging
from stormwater asset management to green
infrastructure maintenance.

N




a ARmD I S fornatural and
built assets

A ARCADIS
1 Traditional Use of Green & 4 Maintenance
Gray & Emerging Trends
2 How to Combine Green & 5 Lessons Lea_rned on
Gray for Flood Mitigation Implementation
3 Case Studies 6 Questions and Discussion

Traditional Use of Green and
Gray and Emerging Trends
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Old Water Management Prospective
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stormwater as
quickly as possible to
a waterbody or
detention pond

© Arcadis 2025

New Water Management
Perspective

View stormwater as a resource
Manage stormwater on-site

Slow down the flow, allow to infiltrate
Maximize infiltration and storage
Consider water quality and flooding

© Arcadis 2025 ~ = 9January 2025
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NIBS Report on Resiliency

+ A 2023 National Institute of
Building Sciences report states
a savings of $11 for every $1
spent across all hazards
including flood mitigation

National Institute of

BUILDING SCIENCES'

Key Flood Control Issues

+ Designing and adapting
to larger and more
frequent storm events

* Enhancing floodplain
and riparian areas

* Moving toward rainfall
volume management

* Use of multi-layered
urban flood protection
strategy

* Gl has historically been
used for WQ and gray
for storage/conveyance
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We are Experiencing Rainfall that’s More

Intense and More Frequent

Observed Change in Very Heavy Precipitation

(volume in heavy events)

Change (%)
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National Climate Assessment (U.S. Global Change Research Program, 2014)

Relative Number of Extreme Events (%)
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Observed U.S. Trend in Heavy Precipitation

(frequency of 5-yr events)

1800s 1910s 1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s
Decade

,2014)

NOAA ATLAS 15
* NOAA is updating ATLAS 14 to

ATLAS 15 to provide more formal
guidance on climate adaptation.
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Precipitation Frequency
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New Approach to Green and Gray: Multi-Purpose Projects

Green Infrastructure

g SICT TR IO IR
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Gray Infrastructure

LT .
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How To Combine Green &
Gray for Flood Mitigation
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Building Blocks to Mitigate Flooding £ ARCADIS

COMNVEYANCE

+ What's the right combination?

* When to prioritize one vs. the
other?

* What are project drivers?
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Rain Event Severity Can Vary Significantly Over the Course of 1-Year

Rainfall Event Totals from Central Park - 2021

o ~

ur

Rainfall Event Depth (inches)
w =

N

| "E 1 Illll_llmjl.lJi.Il Jhlh..‘ll L J T

% 0 100 oaal 1001 11-01 1201

Date

14



Design & Consultancy
for natural and
built assets
Rain Event Type  Design l:a ;mé:ésgzgmmp%m e nton, il ateas Jﬁﬁ Scale of Implementation
Green Provides Benefits for Majority of Events
Rainfall Event Totals from Central Park - 2021
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Size Solution for Event Type

Rainfall Event Totals from Central Park - 2021
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0 0 Level-of-Service / Performance Expectations ’
;1» 2;’;:‘,,,5 vent Type / Design E’ﬂ (ponding depth, ponding duration, critical areas Scale of Implementation
and/or assets, etc.) S

Level-of-Service Targets Drive Program Goals

Depth of Ponding
Above Road Crown

Depth of Ponding to keep
one lane of traffic open

. . Level-of-Service | . N

‘>, Rain Event Type / Des 3 = ’

2 o ol 47 (ponding depth, ponding duration, critical areas G| e
~—  andlor assets, etc.)

Example of Green-Focused Scaling

Scale of Implementation

« Watershed-wide Gl solutions
provide greater potential
benefits
+ Site-scale approaches may Maximum
lean more heavily on gray due Potential
to space constraints Prevontion
. Benefit
* Important to keep scale in
mind during project planning
1 1 1
1 1 1
Site/Parcel-Scale Neighborhood-  watershed

Scale
Scale of Gl Implementation

Scale
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Scale of Gl vs.
Gray —
Considerations
on Application

Hourly Rainfall

Green & Gray ‘Igllgoging
: Water quality
application I Green

A ARCADIS

Respond and Recover  Flooding-
focused
applications

19

Case Studies
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Texas Case Studies

Timberlane
Acres

Houston, Texas
Stormwater Master
Plan

Atascocita

Kiverside
Wil Field

© Arcadis 2025 13 January 2025
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Background

* Project Scope

* 11 Watersheds were
modeled

+ Arcadis was responsible for
5 watersheds

» Total area is 178 square
miles

Legend
) City Boundary
Watershed Group 1
1 Armand Bayou
B Clear Creek
[ Luce Bayou
1 |AH (Greens Bayou)
[ San Jacinto River

* More than 880 miles of
storm system features

* 9,800 storm conduits

23

Hydrology
+ Offsite Hydrology

» Due to data availability and scope limitations, offsite
areas were not modeled within 2D zone

- Offsite areas were delineated using available GIS
data, LIDAR, and previous studies

- Offsite areas hydrologic parameters
* Areas > 100 acres =» Basin Development Factor (BDF)

» Areas < 100 acres = Rational method

24
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2D Modeling

* Main Inputs
* Roughness zones
* Breaklines
*  Buildings
* Meshing Parameters
* Modeled Features
« Studied Channels/Bayous
» Roadside Ditches

25

25

Validation Criteria

*  50% match between flooded
structures based on flood
claims and model results

*  75% match between flooded
parcels based on flood claims
and model results

Legend
4 HARVEY FEMA Single Loss Claims
4r HARVEY City Claims
[ Kingwood_Structures_HARVEY_FINAL
Flooding Depth
Value
High : 62.343

- Low : 0.250001

26
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Validation Results v -
. elevation
Pr—— | ir1the
*  Model results match | river
MAAPNEXT results
3
= Inflow from
the west
e Arcad\.;'Z-O.'M T
27
A ARCADIS

Lessons Learned

 Input quality reduces the time needed to stabilize and validate the model:

+ Storm Sewers
* Roughness Zone, Buildings and Edge of Pavement Layers
» Channel Breaklines

« 1D Channel Centerline and Banklines

+ Apply initial conditions or baseflow where needed — dry river reaches, upstream of dams
* Plan adequate time to troubleshoot the model

28
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El Paso, Texas

WWTP Reuse and
Wetlands Treatment

Roberto R. Bustamante WWTP (foreground)
© Arcadis 2025 Jonathan Rogers WTP (background)

Water Flow Diagram e
Riverside Agricultural Drain Water

« WWTP treats 12 MGD Customers

with 5 MGD of reclaimed

water

Distribution System

* Reclaimed water is
dISCharged tO the Rlo City of El Paso Rio Bosque EPWU Roberto R.
Bosque Wetlands Park Wetlands Park Bustamante WWTP

EPWU Jonathan
Rogers WTP

* Recharges groundwater
in the Hueco Bolson
aquifer and provides

water to the Riverside :
. . Hueco Bolson Aquifer
Agricultural Drain

» Supplemental raw water
Supply for the Jonathan Riverside Irrigation Canal
Rogers WTP

O Arcadis 2025 9 January 2025
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National Case
Studies

MWRD of Greater
Chicago

Little Calumet
River/Cal Sag
Channel Stormwater
Master Plan

32
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Range of Green/Gray Solutions Evaluated

* No change (baseline) « Green infrastructure on private property
+ Gray infrastructure + Gray infrastructure on private property
» Green infrastructure » Raising of flood-prone properties

» Green/gray hybrid infrastructure » Purchase of flood-prone properties

33

Different Solutions Identified for Each Land Use Type

34
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ENLACE, San Juan,
Puerto Rico

Cano Martin Pena
Comprehensive
Infrastructure Master
Plan

35
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Holistic Solution

FLOODING - CATASTROPHIC

CIMP MACROSTRATEGIES
R S

A LEVEE OR SEAWALL SEPARATE
FROM THE SHEET PILE WALL LOCATED
OUTBOARD OF THE MANGROVE
RESTORATION

Included Green
Infrastructure

. 21
th nal wall being
Engineers

BENIDORM SEASCARE, BPAIN

SCORE CARD
SPEED OF IMPLEMENTATION
NET RISK REDUCTION [11]]
HEALTH & WELLBEING [ 1]
ECONOMIC BENEFITS/J085 Ill
ENVIRONMENTAL m
SCALABIITY I
AVOIDED DAMAGES 1]}
rrsrcosts  [JII
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FEASIBILITY CONSIDERATIONS
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Seaport-FiDi Coastal
Resilience

Managing Rainfall
Behind a Coastal
Flood Protection
System

iserty Rsentad

© Arcadis 2025
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« Tanks and conveyance storage significantly exceed

«  Will include small scale pumping system(s) from

Integrated Solution at Vietham Veterans Plaza

« Overall concept is to capture water in multiple

detention tanks in concert with a Gl corridor along
South St.

N oS Tank access located
USWR requirements at this initial stage in flat paved areas

tanks to irrigation & buildings

Local detention

1 al paired with
bikeway

T

NYC DEP

Permit

NYS DEC
Permit

833 7100 Mt

Local detention under
flat paved areas
Notes:

« Ownership / 0&M for green infrastructure practices will be an important future consideration
« DEC permit governs overland discharges. DEP permit any runoff entering inlets or pipes

) Arcadis 2025

%

9 January 2025
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Fayetteville, North
Carolina

Blounts Creek
Watershed Master
Plan

Finod
focused
apipsheatlons

39
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* Eliminates 3.3 miles of impacted lane length.
* Eliminates 3 traverse road crossings

¢ Eliminates 125 disconnected structures

* Removes # of Impacted Structures:

Flood Mitigation Solution Involves Replacement of 4 Bridges

el

* 10-year (77)
* 25-year (130)
« 2050-year (144)

Proposed Future
Conditions

0 500 1000 2,000
—r—r—

This solution intersects with 12 concern areas and will reduce flood impacts
for each

Will provide a $24.7 million dollar benefit in flood risk reduction and property

damage

Stream enhancements will provide an environmental and public benefit
contributing to a resilient watershed

40
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Portsmouth, Virginia
Resiliency Strategy

41
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STORM SURGE FLOODING

RAINFALL.ELOODING

Comprehensive Long-term Flood Resilience Strategy

A ARCADIS

anuary 2025 42

42
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Evaluating Results Through a Social Vulnerability Lens

A ARCADIS

43

Richmond, Virginia

Green Infrastructure
Master Plan

44
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Green Infrastructure Ranking Tool Power Bl Interface

RVA
H2G GREEN INFRASTRUCTURE

TOP PERCENT OF SITES

45

Los Angeles,
California
Stormwater Capture
Parks Program

46
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Large Underground Storage in Parks Captures
Stormwater to Recharge Groundwater

Norfolk, Virginia
Ohio Creek
Watershed
Improvement Project

24
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Complete Integration of Green and Gray

Stormwater Pump Station

Berm with Public
Resilience Park

Stormwater Pump Station

Improved Drainage
Infrastructure & Gl

Improved Streetscape
with permeable pavers

Living Shoreline

Flood Protection Berm

Stormwater Storage

Tide Gate

Flood Protection Wall

9 January 2025

Maintenance

9 January 2025

— |
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Design Criteria & Maintenance
Protocols Need to Improve

» The effectiveness of a stormwater management
program depends largely on how well and how safely
assets perform over time

+ Some gray and green drainage systems have failed

* Routine maintenance is not being performed because
of funding constraints and ownership issues

« Performance feedback is needed to address design
and maintenance needs and to justify funding needs

51
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Gray Infrastructure Maintenance
AT | i . \ = -

A ARCADIS

52
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Gl Has Different Maintenance Needs

Gl category Gl types

Basins

Swales, strips,
stream restoration

+ Dry basins

« Cisterns and rain barrels
* Wetlands

« Oil/water separators

+ Swales
« Outfall treatment, level spreaders

« Surface and subsurface sand filters

Filters + Landscaped / vegetated roofs
+ Manufactured filters (boxes)
9 « Infiltration basins
Infiltrators - Dry wells
Gross pollutant traps and SZ;T(ZT:
mechanical operations . Hoods

« Wetbasins
+ Vaults and swirl concentrators
« Forebays

+ Vegetated strips
+ Stream restoration

« Bioretention
« Draininletinserts
« Subsurface gravel wetlands

«+ Bioretention (infiltration)
« Infiltration trenches and vaults
+ Permeable pavement

* Nets
* Racks

Adapted from “Design of Urban Stormwater Controls” (WEF Press, McGraw Hill, 2012)

53
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Inspections & Maintenance of Gl is Critical

URBAN STORMWATER
GONTROLS OPERATION
axo MAINTENANGE

@)
Confirm SCM

G

&

Improve Prevent
long-term downstream functionality
performance problems

Need a manual to describe the importance of O&M and present best practices

54

54
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Lessons Learned

How Best to Combine
Green and Gray?
+ What's the right combination?

* When to prioritize one vs. the other?
+ What are project drivers?

Green

Gray

Gray Infrastructure

B
o

]
[

Hd BN W WW
AN 0N ©® ILI
, N’E‘#

A ARCADIS

56
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Lessons
Learned from
Municipalities
Across the U.S.

+ Future routine
maintenance will be
critical to the success
of green and/or gray
improvements.

57

Lessons
Learned from
Municipalities
Across the U.S.

+ Take proposed solutions

to the public to get

feedback and gain buy-in

* Provide education on

stormwater management
(green vs gray, public vs

private, etc.)

» Consider demographics/
community budget when

selecting alternatives

Green (natural systems) and
Gray (traditional structures) Infrastructure

58
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Lessons
Learned from
Municipalities
Across the U.S.

+ Political support is
critical

+ Significant investment is
needed
+ Well structured

programs can provide
cost efficiencies

+ Use adaptive
management approach
for continual
improvement

A ARCADIS

Questions?

Arcadis. Improving quality of life.
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Contact us

Max Wallack, MBA, MS, P.E.

Senior Engineer

Maxwell. Wallack@arcadis.com

Mark Van Auken, P.E., CPMSM, ENV SP

Stormwater Practice Leader

Mark.VanAuken@arcadis.com

A ARCADIS

Arcadis. Improving quality of life.
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