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‘Engineering with Nature

Engineering With Nature® is
the intentional alignment of
natural and engineering
processes to efficiently and
sustainably deliver economic,
environmental, and social
benefits through
collaboration.
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Engineering With Nature

Engineering With Nature® is the intentional alignment of natural and engineering processes to efficiently
and sustainably deliver economic, environmental, and social benefits through collaboration.
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Headwater streams
swiftly flow down
steep mountain slopes
and cut deep, v-shaped
valleys. Waterfalls and
rapids occur in this
zone.

Lower-elevation streams
merge to flow down
gentle slopes. Valleys
broaden as coalescing

\ rivers start to meander.

At the lowest elevations,

a river meanders across

a broad, nearly flat valley
and floodplain. At a river's
mouth, it may divide into
separate channels as it
flows across a delta
extending out to sea. The
coastal plain and delta

are made of river sediments.

Trista L. Thornberry-Ehrlich, Colorado State University

https://www.nps.gov/subjects/geology/fluvial-landforms.htm
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* Be cognizant of which scale the
different processes operate at

Land Cover = thin but
omnipresent

* Small-order streams (headwater
streams) = highly present, widely
disbursed, smaller hydrologic
impact but less cost

High-order streams (larger) =
fewer, have more influence, 1
control larger amounts of water |
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Wetland pond: during construction [left) and after completion [right)
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Provo River
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https://www.researchgate.net/figure/Channel-reaches-and-
associated-field-study-sites-within-the-Provo-River-
watershed figl 322175352




Green Stormwater Infrastructure

; y g https://detroitstormwater.org/projects
Projects In Detrolt
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Province of Ontario, Esri Canada, Esri, HERE, Garmin, SateGraph, METI/NASA, USGS, EPA, NPS, ..

Powered by Esri
This website includes public, private, and caommunity GSI projects. As such, the metrics below are

unofficial and may differ from officially reported NPDES permit metrics. Expand map frame to view full
extent.




roit Bioretention
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of the sewer system
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= Artesian Street

Stormwater Tree Planters
with Subsurface Storage

Pervious Pavers

with Subsurface Storage
Joy Road

Stormwater Tree Planters
with Subsurface Storage

—

Vegetated Swale with
Salt Tolerant Groundcover

Pervious Pavers

)
Stormwater Tree Planters A i

- with Subsurface Storage ‘ ‘

B

Artesian Street

Joy-Southﬁ eld Artesian Green Intersection

Community Development Corporation K WapeTriv

! Stormwater Tree Planters




Process Transitions

* Interception, retention -> Overland
Flow

e Overland Flow -> Stream Flow
e Storm Drainage Networks

e Stream Flow -> Overbank (flood)
Flows




Net change

«

= Gross change

M single multiple change events
- 2500 0 2500 5000 km

Winker et. al. “Global Land Use Changes are four time greater than previously estimated.”
https://www.nature.com/articles/s41467-021-22702-2

“We estimate that 17% of the
Earth’s land surface has
changed at least once
between the six land
categories from 1960 to 2019”



* Flood magnitude and frequency
increase as urban development
spreads throughout a watershed.

= Urban flooding poses enormous
infrastructure, economic, and safety
threats.

= Subsurface drainage contributes
significantly to these increased risk.

y watershed -
Dead Run Watershed in B timete, 14.3 km?

Y




= Urbanization leads to greater impervious area.
» Greaterimpervious area leads to more runoff.

= Sub-surface drainage is provided to remove additi

. - Bulding, rooftop
M Road, parking lot
[J Grass, woodland
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The subsurface network:

" Increases drainage density.

= Short-circuits the natural drainage.

" Increase drainage volume (fewer
losses).

= Furtherincrease peak flows.

Storm drainage
=< Channel

(a)existing channel and drainage.

(b) Idealized natural network




Subterranean

drainage pipes are
simulated as open
channels in many

hydrologic models.

~ Storm drainage \J
—< Channel

(a) existing channel and drainage. (b)0.02 km? threshold channel network
(Drainage density = 3.5 km/km?) (Drainage density = 3.5 km/km?)
T
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Compaked to Flow Accumulations

Even though the number of The conveyance is very different
segments is about the same
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age Modeling
U U

70 = Existing channel and drainage
- —— Accumulation threshold of 0.02 km”
i ' ' ; 60 I
Critical Information from Simulations
= Open channel network conveyance far _S0r
surpasses that of the subsurface storm o |
drainage networks even though: E 401
Q
= Widths are the same. S a0 L
=
(8]
= Number of segments is the same. =
20 |
= Thisresults in an over estimation of
flow. 10 }
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Improving Agricultural Practices - TNC

ap to Advance
Edge of Field Practices in Agriculture




. I t t
Registration is now open for Greenbuild 2023 in Washington, DC

About LEED Professionals Education Membership Store Resources Directory Articles FAQs Contact Donate Account O\
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City of Tallshasses, Florida

PAOJECTHETALS

LEED for Cities and
Communities

Track progress toward sustainability, net-zero and equity objectives.

USGBC Case Studies: City of
Tallahassee, Florida

LEED for Cities Case Study:
Accountability & the City of...

Case Studies - PDF

Case Studies

- = il )
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City of Coral Gables | LEED Gold | Photo: @ City of Coral Gab

Health & Wellness

https://www.usgbc.org/leed/rating-systems/leed-for-cities-
communities

USGBC Case Studies: Health &

Wellness

USGBC Case Studies: Equity

USGBC Case Studies: Tackling
Urban Heat

Case Studies - PDF

USGBC Case Studies: Resilience
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amath River Basin and Sco

https://www.fisheries.noaa.gov/west-coast/habitat-conservation/klamath-river-basin

https://wildlife.ca.gov/Drought/Projects/Scott-River-Coho
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Pacific
Ciegan

https://calsport.org/fisheriesblog/?p=1608
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Scott River

https://calsport.org/fisheriesblog/?p=1608

Scott River




Beaver Dam Analogs

CAREERS COMMENTARY JOURNALS Vv COovID-19 Sciel'lce Q LOG IN BECOI

Beaver dams without beavers? Artificial logjams are
a popular but controversial restoration tool

Imitating busy rodents a cheap way to repair damaged rivers, researchers say

7 JUN 2018 - BY BEN GOLDFARB

Scence - Beaver dams wnhout beavers? } Y ~»

Jprumamedm. sourmat CIence Watch fater, _Share
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Valuing Beaver Dams

* Regulating Services
* Diminishing flood intensity, $124/ha/yr
* Filtering water, $108/ha/yr
 Capturing greenhouse gases, S75/ha/yr

&= - Provisioning Services
: * Groundwater recharge, S77/ha/yr
* Rich habitats, $133/ha/yr

e Cultural Services
» Recreation, bird watching, S167/ha/yr
NPS Photo / Kent Miller

https://www.nps.gov/articles/buildabeaverdam.htm =$684/ ha / hr

https://environment-review.yale.edu/busy-beavers-
calculating-value-ecosystems-services-provided-beavers




Downsides to Beavers

* Damage to timber industry, $25 to
S118 / ha/yr

* Will forage up to 90m and consume
agricultural produce (corn, soybeans,
etc.)

e Will build beaver dams in front of
culverts and other drainage
infrastructure

* Will build burrows in banks and |€V€€S, https://www.aphis.usda.gov/wildlife_damage/repor

destabilizing them ts/Wildlife%20Damage%20Management%20Technic
aI%ZOSeries/Beaver-WDM-Tec[\nicaI-Series.pdf
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Beaver Dam Analogues

Floodplain or Terrace

e AV AT

sdny

gaps filled with smaller branches, sediment,
turf and other locally sourced organic matter.

Design Crest Elevation

New P
i BDA height

Backfill upstream side of dam with bed sediment and/
or turf sourced from area inundated by new pond to
help plug excessive through-flow and create wider base-

Build an overflow mattress of branches
laid parallel to flow direction and woven
into weave above. The mattress acts to
dissipate flow energy of flows spilling

over top of dam.
X-SECTION VIEW
. Post placed at roughly even
. Floodplain —invervals 18" t0 30" apart Flaodplain
W \
: L Bankul
Elevation
Design Crest Elevation
NOTE

Crest elevation for secondary
BDAs is below floodplain

Drive untreated wooden
fence posts or arborist stakes
into bed (ideally atleast 1/4
to 1/3 of finish post length is
driven into bed)

height; and for primary BDAs
is just above floodplain height
and extends onto floodplain.

Alternate wicker weave of branches
like a basket on each course and push
weave down tight against each other

yolem/wodagninoAmmm//

é

PLANFORM VIEW

A

See XS View

Lay branches in overflow mattress

Floodplain or Terrace parallel to flow paths.

Alternating posts placed
at roughly even intervals
| 18" t0 30" apart in double

) row configuration
FLOW

Channel

Alternate wicker weave of branches
like a basket around opposite sides
of each subsequent post in row.
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https://lowtechpbr.restorati
: - on.usu.edu/resources/recip
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Beaver Dam Analogs

Cropping and Tillage BMPs

Urban Site-Stormwater Disconnect

Edge-of-Field Practices

Constructed Wetlands

Infiltration Basins

Bioretention
Large-scale River Restoration




" Constructed Wetlands

F o | United States
\__/ Environmental Protection Search EPA.gov Q
\’ Agency

Environmental Topics v Laws & Regulations v Report a Violation v About EPA v

Wetlands CONTACT US

Wetlands Protection and ConSt]_'UCted wetlands

Restoration Home

Learn About Wetlands Constructed wetlands are treatment systems that use natural processes involving wetland
Types vegetation, soils, and their associated microbial assemblages to improve water quality. The
following documents provide additional information about constructed treatment wetlands.
Functions

® Constructed Treatment Wetlands (PDF) (2 pp, 269 K, About PDF)

I The Science of Wetlands * Guiding Principles for Constructed Treatment Wetlands: Providing Water Quality and Wildlife

Habitat (PDF)(25 pp, 704 K, About PDF)

Monitoring and Assessment

https://www.epa.gov/wetlands/constructed-wetlands
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Bioretention

Minimum Measure: Post Construction Stormwater Management in

New

Development and Redevelopment

Subcategory: Filtration

Description

Bioretention practices, such as rain gardens, are
landscaped depressions that treat on-site stormwater
discharge from impervious surfaces such as roofs,
driveways, sidewalks, parking lots and compacted
lawns. They are used to collect stormwater and filter it
through a mixture of soil, sand and/or gravel. The
designs of bioretention practices mimic volume reduction
and pollutant removal mechanisms that work in natural
systems. The filtered stormwater soaks into the ground,
provides water to plants and can help recharge the local
groundwater supply. Through these processes,
bioretention practices reduce peak flows within
downstream sewer systems and allow pollutant removal
through filtration and plant uptake.

Applicability

Bioretention practices are well suited to small sites in
urbanized settings and can filter stormwater from small

A bioretention practice in a suburban road median,
capturing stormwater during a rain event.

https://www.epa.gov/system/files/documents/2021-11/bmp-bioretention-rain-gardens.pdf
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