External Perspective:
Engineering With Nature

Senior Research Scientist & National
Lead for Engineering With Nature,
USACE




[ U.S.ARMY |

Engineering With Nature: Innovating
for a More Resilient and Sustainable
San Francisco Bay

Dr. Todd S. Bridges

Senior Research Scientist (ST), Environmental Science
National Lead, USACE Engineering With Natureg
Todd.S.Bridges@usace.army.mil

SF Bay Planning Coalition:
Dredging and Beneficial Reuse Workshop

18 October 2022

US Army Corps
of Engineers,,



Presenter Notes
Presentation Notes

I’m the Army’s Senior Research Scientist for Environmental Science.  There are about 40 Senior Research Scientists in the U.S. Army, ranging in focus from warhead design, to biomedical science, to optics, to on and on.  These are the most senior technical positions in the research and development enterprise, equivalent in seniority and protocol to civilian members of the Senior Executive Service or to one-star general officers within the military itself.  The existence of such positions within the Army itself represents a commitment to innovation because the law that created these positions within the US Government made leading innovation the central focus our responsibility.


UNCLASSIFIED

Thoughts about Innovation from Way Down Under...
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Presenter Notes
Presentation Notes
I want to start with a story for a year ago, last September.  James Dalton, USACE Director of CW, and I were invited by Engineers Australia (their version of ASCE) and the organizers of the biennial Australasian Coasts and Ports conference to participate in the conference in Hobart Tasmania.  More than 400 coastal, port, infrastructure engineers from the region.  James was invited to give the keynote address on developing  21st infrastructure. 

As he took the podium I received a text from my wife telling me that our 5-year granddaughter Piper was being taken back to an operating room for an urgent appendectomy.

My thoughts covered a lot of territory in the following 60 minutes.  I thought a lot about the reasons for having confidence in medical practice and technology and about the amazing advancements that have occurred in medicine within my lifetime.  And I also thought about civil engineering practice and the progress of innovation in these two technology-based professions. 
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Innovation in Medicine vs. Civil / Environmental Engineering

Medicine Civil / Environmental
Engineering Management
1960 | 1960
Heart surgery/transplantation
MRI/CT
1980 1980
Laser surgery
Laparoscopic surgery / MIS ?
HARRT -

2000] Human Genome Project draft complete 2000

Biologic treatments
Artificial pancreas

2020 2020
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Presentation Notes
The list of transformational innovations in medicine is long and distinguished.  I’ve highlighted here only a small number.  To think how routine heart surgery is today when it only came into existence within my lifetime. Magnetic Resonance Imaging / Computed Tomography

My thoughts were very much focused on laparoscopic surgery, which was the technique used on our granddaughter. 

HAART- Highly active retro-viral therapy treatment for AIDS

Want to see what passion for innovation looks like google 3 minute video fire with fire with Ross Kauffman, GE Focus Forward short film and listen to the physicians at the Univ of Penn talk about curing cancer and curing a little girl named Emma of her Leukemia with one treatment.

What would put on the list of transformational innovations in civil and environmental engineering in the last 60 years.  We could do such a comparison in many fields and professions.

How do you think your list will compare to what we have seen with modern medicine.  If I think of my list, I would have to say the transformation that has occurred in medicine is far more dramatic.  What are the reasons for this?
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1900-2000: The Century of Infrastructure (US)
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* 4,071,000 miles of roadway

* 47,182 miles in the Interstate
system

* 149,136 miles of mainline rail
* 640,000 miles of high-voltage
transmission lines
614,387 bridges

* 90,580 dams

« >30,000 miles of flood levee

» 155,000 public drinking water & ] |
systems o P

« ~5,000 military installations -

« 926 ports, 25,000 miles of 02 ] et oot o)
navigation channel o | ol

Elhacham et al. 2020. Global human-made mass
exceeds all living biomass. Nature 588:442-444

Year
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Presentation Notes
Of the approximately 5,000 military installations (properties), >500 are outside the country (overseas).  These assets occupy >25M (26.9M) acres of land (owned leased or otherwise possessed by DoD.  8.8 M owned in the US.

We built a lot of infrastructure stuff in the 20th century with a lot  concrete, rock, brick and steel.  In fact, in the year 2020, for the first time in human history, the amount of human produced mass, in the form of these construction materials, now exceeds all biomass on the planet (1 T teratonne, 10^12 tonnes).  That is amazing and concerning from the point of view of sustainability.

Meeting needs for 9B people will require an annual investment of 5T in infrastructure over the next 20 years, or 100T by mid century (World Economic Forum, among others).  This is under a business-as-usual estimate, that doesn’t account for climate and other challenges. https://reports.weforum.org/green-investing-2013/required-infrastructure-needs/?doing_wp_cron=1604338053.0864210128784179687500

“Since the first agricultural revolution, humanity has roughly halved the mass of plants, from approximately two teratonnes (Tt, units of 10^12 tonne;
where estimates are on a dry-mass basis) down to the current value of approximately 1 Tt.” dynamics. Anthropogenic mass is defined as the mass embedded
in inanimate solid objects made by humans (that have not been demolished or taken out of service, which we define as ‘anthropogenic
mass waste’).

“At the beginning of the twentieth century, anthropogenic mass was equal to only 3% of global biomass.  Over the past 100 years, anthropogenic mass has increased rapidly—doubling in approximately every 20 years.  The two dominant mass categories in our analysis are buildings and infrastructure (composed of concrete, aggregates, bricks and asphalt) and trees and shrubs (the majority of plant mass and, therefore, of the overall biomass).The accumulation of anthropogenic mass has now reached 30 Gt per year, based on the average for the past 5 years. This corresponds to each person on the globe producing
more than his or her body weight in anthropogenic mass every week. If current trends continue, anthropogenic mass, including waste, is expected to exceed 3 Tt by 2040—almost triple the dry biomass on Earth.”

As much of this infrastructure exceeds its design life and continues to age, how does it “stack up” against the multi-hazard world?

The following is a partial list of dams and reservoirs in the United States. There are an estimated 84,000 dams in the United States, impounding 600,000 mi (970,000 km) of river or about 17% of rivers in the nation.

There were only 119 dams in the US in 1900.  We now impound 600 million acre feet of water behind dams.  
As the name suggests, an acre-foot is defined as the volume of one acre of surface area to a depth of one foot.
Since an acre is defined as a chain by a furlong (i.e. 66 ft × 660 ft or 20.12 m × 201.17 m), an acre-foot is 43,560 cubic feet (1,233 m3).
There are two definitions of an acre-foot (differing by about 0.0006%), depending on whether the "foot" used is an "international foot" or a "U.S. survey foot".
1 acre-foot= 43,560 cubic feet = 75,271,680 cu in1 international acre-foot= 43,560 international cubic feet≈ 1,233.48183754752 m3≈ 271,328.072596 imp gal≈ 325,851 3⁄7 US gal1 U.S. survey acre-foot= 43,560 U.S. survey cubic feet≈ 1233.4892384681 m3≈ 271,329.700571 imp gal≈ 325,853.383688 U.S. gal.  As a rule of thumb in U.S. water management, one acre-foot is taken to be the planned water usage of a suburban family household, annually.[2] In some areas of the desert Southwest, where water conservation is followed and often enforced, a typical family uses only about 0.25 acre-feet of water per year.[3] One acre-foot/year is approximately 893 gallons (3.38 m3) per day.


The U.S. has 614,387 bridges, almost four in 10 of which are 50 years or older. 56,007 — 9.1% — of the nation's bridges were structurally deficient in 2016, and on average there were 188 million trips across a structurally deficient bridge each day.

A nationwide network of 30,000 documented miles of levees protects communities, critical infrastructure, and valuable property, with levees in the U.S. Army Corps of Engineers Levee Safety Program protecting over 300 colleges and universities, 30 professional sports venues, 100 breweries, and an estimated $1.3 trillion in property. As development continues to encroach in floodplains along rivers and coastal areas, an estimated $80 billion is needed in the next 10 years to maintain and improve the nation’s system of levees. In 2014 Congress passed the Water Resources Reform and Development Act, which expanded the levee safety program nationwide, but the program has not yet received any funding.
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The San Joaquin Valley, California
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Presentation Notes
The first European to explore the San Joaquin Valley was Pedro Fages in 1772.  There “he saw a great plain, and in it some immense tule marshes, with many large lakes” and rivers.  “The San Joaquin which discharges into the estuary of that name is more than 120 leagues in length, in places 15 to 20 in width, and it winds through a plain which is a labyrinth of lagoons and tulares.  The plain is thickly peopled, having many large rancherias; and abounds in grain, deer, bears, geese, ducks, cranes; indeed every kind of animal, terrestrial and aerial.” 
.
The Yokuts and Miwok Native Americans lived on abundance and variety of food: many species of fish (including Salmon) and fowl, gophers, rabbits, hares, pine nuts, acorns, lizards, grass seeds, deer, elk, pronghorn, bear.  They made boats out of tule reeds to cross the streams, rivers, and to fish on Tulare Lake, once the largest freshwater lake west of the Mississippi and Great Lakes.  In 1849, the lake was 1,476 km2 (570 sq mi), and in 1879, 1,780 km2(690 sq mi), as its size fluctuated due to varying levels of rainfall and snowfall.


Even well after California became a state, Tulare Lake and its extensive marshes supported an important fishery: In 1888, in one three-month period, 73,500 pounds of fish were shipped through Hanford to San Francisco. It was also the source of a regional favorite, western pond turtles, which were relished as terrapin soup in San Francisco and elsewhere. The lake and surrounding wetlands were a significant stop for hundreds of thousands of birds migrating along the Pacific Flyway. Tulare Lake was written about by Mark Twain. In 1938 and 1955, the lake flooded, which prompted the construction of the Terminus and Success Dams on the Kaweah and Tule Rivers in Tulare County and Pine Flat Dam on the Kings River in Fresno County.[12] The lake bed is now a shallow basin of fertile soil, within the Central Valley of California
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Presentation Notes
Sediment management in SF Bay complicated by a heavy, and I would say outdated, regulatory system that involves multiple organizations and levels of government.

Hamilton Army Airfield; 6 mcy BU, 500 acres
Sonoma Land Trust; 1,000-acre tidal restoration



Parcel tax where they will collect >$500M over 20 for restoration.  But how cut through the process?

Hamilton is an old army air field that had been built on diked baylands (probably saltmarsh) in the 1930s by the Air Force, transferred to the Army in 1973, and  closed under the BRAC (base realignment and closure) in 1988.

The airfield lies predominately below sea level on an old wetland that was diked and dried. 

Dredged material from San Pablo Bay (north part of San Francisco Bay) was pumped into the area designated for wetland and contoured to create a wetland with elongated berms to break waves. Top picture: movement of dredged material at Hamilton

Insufficient dredged material to “fill” the wetland to elevation. Therefore, relying on accretion of sediment after the dike was breached to flood the wetland.  The interior linear berms (seen in middle right picture) 

ERDC monitoring post-breach to quantify waves, currents, turbidity, suspended solids, settling velocities and sedimentation (instrumentation stations seen in middle left picture).

Monitoring since 07/14, four monitoring stations

ERDC modeling of waves using STWAVE (Murray/Smith)

ERDC modeling of wave generation and dissipation in the new wetland.  After the model was built and validated with data from the year of monitoring (left model output), different scenarios were tested to determine the efficacy of the linear berms, and compare it to other configurations.  The berms were removed from the model so a baseline with no barriers to fetch could be established (center model output), and then the volume of the dredge material used in the berms (as quantified in the model) was reconfigured to simulate round “mounds” used to decrease fetch at other restoration sites around the bay.  

Vegetation is also being added to the model, using elevation tolerances of Pacific Cordgrass (dominant low marsh species) and Pickleweed (dominant middle marsh species) using published drag, height, density, and stem diameter parameters for each species from a salt marsh site in Corte Madera, 9 miles south of Hamilton.

The 1906 San Francisco earthquake, 5:12 a.m. on April 18 magnitude of 7.8), producing damage across a large region, the focal point being the city of San Francisco.  Structural damage from the quake and the resulting fires that lasted for several days, destroyed 80% of the city, left 300,000 people homeless (city population of 400,000), and killed an estimated 3,000 people.

The worst structural damage from the quake itself occurred on areas of unstable “made land”, i.e., land that had been created filling in 100s of acres of shoreline, open water, and wetlands in the years before 1906.  When you steal space or property from Mother Nature, there are going to be consequences.  And after it’s stolen it can be very difficult to figure out how to keep and defend it, or even give it back.

In 1907, in the aftermath of the quake, there was an outbreak of bubonic plague in San Francisco that killed 172 people before it ran its course.  2 million rats were killed in San Francisco during the campaign to bring the plague under control.  But engineering was also part of this campaign.  Dr. Robert Blue, the head of the campaign, said this “ The disease must be built out of existence.  This is the hope of San Francisco and in time the city will be one block of concrete throughout, and the gateway to the Orient closed against plague.”  More than 6,000,000 square feet of concrete was laid in the city in just two years to eliminate habitat for rats.   

The 1906 earthquake preceded the development of the Richter magnitude scale by three decades. The most widely accepted estimate for the magnitude of the quake on the modern moment magnitude scale is 7.8;[1] values from 7.7 to as high as 8.3 have been proposed.[9] According to findings published in the Journal of Geophysical Research, severe deformations in the earth's crust took place both before and after the earthquake's impact. Accumulated strain on the faults in the system was relieved during the earthquake, which is the supposed cause of the damage along the 450-kilometer-long segment of the San Andreas plate boundary.[9] The main shock epicenter occurred offshore about 2 miles (3.2 km) from the city, near Mussel Rock. Shaking was felt from Oregon to Los Angeles, and inland as far as central Nevada.[10]

At the time, 375 deaths were reported,[14] partly because hundreds of fatalities in Chinatown went ignored and unrecorded. The total number of deaths is still uncertain today, and is estimated to be roughly 3,000 at minimum.[15] Most of the deaths occurred in San Francisco itself, but 189 were reported elsewhere in the Bay Area; nearby cities, such as Santa Rosa and San Jose, also suffered severe damage. In Monterey County, the earthquake permanently shifted the course of the Salinas River near its mouth. Where previously the river emptied into Monterey Bay between Moss Landing and Watsonville, it was diverted 6 miles south to a new channel just north of Marina. As damaging as the earthquake and its aftershocks were, the fires that burned out of control afterward were even more destructive.[21] It has been estimated that up to 90% of the total destruction was the result of the subsequent fires.[22] Within three days,[23] over 30 fires, caused by ruptured gas mains, destroyed approximately 25,000 buildings on 490 city blocks. 

Between 227,000 and 300,000 people were left homeless out of a population of about 410,000; half of those who evacuated fled across the bay to Oakland and Berkeley. Newspapers described Golden Gate Park, the Presidio, the Panhandle and the beaches between Ingleside and North Beach as covered with makeshift tents. More than two years later, many of these refugee camps were still in operation.[

The 1755 Lisbon earthquake, also known as the Great Lisbon earthquake, occurred in the Kingdom of Portugal on the morning of Saturday, 1 November, the holy day of All Saints' Day, at around 09:40 local time.[2] In combination with subsequent fires and a tsunami, the earthquake almost totally destroyed Lisbon and adjoining areas. Seismologists today estimate the Lisbon earthquake had a magnitude in the range 8.5–9.0[3][4] on the moment magnitude scale, with its epicentre in the Atlantic Ocean about 200 km (120 mi) west-southwest of Cape St. Vincent. Estimates place the death toll in Lisbon alone between 10,000 and 100,000 people,[5] making it one of the deadliest earthquakes in history. Pereira estimated the total death toll in Portugal, Spain and Morocco from the earthquake and the resulting fires and tsunami at 40,000 to 50,000 people.[15] 
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The Multi-Hazard World

Camp Fire; CA 2018

2020 recordsétihstz)m season

Civil unrest, 2020
Medfly “bio-attack”; CA, 1989

Hurricane Harvey; landfall and Houston, 2017
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Presentation Notes
Banqiao (Banchow).  The “Iron Dam”.  85,000-200,000 deaths.  Teton dam failure, US, 1976; 11 people killed, as much 2B in economic damage, gov’t paid out >$300M in damage claims.

Necessity is the mother of invention.

The multi-hazard world is one lens through which to consider role and function of infrastructure.  Modern society is affected by many types of hazards—manmade, natural, and combinations of the two. 

Since 1980, there have been 310 weather and climate related disasters in the US that have individually produced at least $1 billion in damage.  Total damages across the 310 is $2.2 T and >14,000 lives lost.  20th century infrastructure and engineering approaches are not aging well!

In 2021, there were 20 weather/climate disaster events with losses exceeding $1 billion each to affect the United States. These events included 1 drought event, 2 flooding events, 11 severe storm events, 4 tropical cyclone events, 1 wildfire event, and 1 winter storm event. Overall, these events resulted in the deaths of 688 people and had significant economic effects on the areas impacted. 

The GAO found that between fiscal 2015 and fiscal 2021, the federal government spent $315 billion in disaster aid, which is paid mostly though the Federal Emergency Management Agency and the Department of Housing and Urban Development. That includes billions of dollars in disaster aid given to states for pandemic-related expenses.

In 2020, had 22 events (over 1B), producing 95B in economic damage, and 262 deaths. NOAA’s National Centers for Environmental Information (NCEI) tracks U.S. weather and climate events that have great economic and societal impacts (www.ncdc.noaa.gov/billions).  The 2020 Atlantic hurricane season was the most active and the fifth costliest Atlantic hurricane season on record.  There were a record 30 named storms, 12 of which made landfall, surpassing the record of 28 named storms in 2005. 

We live in a multi-hazard world.  These hazards and their interaction with our social systems are having great and great impacts on society.  With respect to today’s topic, we are in the midst of coastal crisis (SLR, storms, environmental degradation, loss or habitat and biodiversity…).

The need for coastal resilience is an emergency, not a casual challenge.  I’m greatly concerned that government agencies at the federal, national, and local level and the private sector are not treating coastal resilience as an emergency.  At least I don’t see compelling evidence that it is being treated with the sense of urgency and commitment that the problem deserves.

There are a whole range of natural and manmade events illustrated here, and combinations of natural and human caused crises and disasters.  The nature of these hazards, the scale of these hazards, and the combinations of them, pose very serious (deadly serious) challenges for us in the 21st century—challenges that attach urgency to the need for innovation.

Since 2015, some of the nation’s biggest flood disasters have not resulted from hurricanes and tropical storms. They have occurred miles inland in central Louisiana (2016, $10.6 billion in losses), Houston (2016, $2.8 billion), Texas and Oklahoma (2015, $2.7 billion), Texas and Louisiana (2016, $2.4 billion), and South Carolina (2015, $2.2 billion). Even among recent hurricanes—Harvey and Florence in particular—historic levels of rain caused far more damage inland, compared to storm surge or high winds along the coastline. The damages from the 2019 floods are still being tallied, but are expected to exceed $1.3 billion in Nebraska alone and, as of this writing, the floodwaters are still moving downstream towards St. Louis.
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Engineering With Nature,

...the intentional alignment of natural and engineering
processes to efficiently and sustainably deliver
economic, environmental and social benefits through
collaboration. T

o>
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= Science and engineering that
produces operational efficiencies

» Using natural process to
maximum benefit

= Increase and diversify
infrastructure value

» Science-based collaboration to
organize and focus interests,
stakeholders, and partners

_ NETWORK FOR Wik
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“We absolutely want to do more engineering with nature everywhere we work across the Corps, you have my commitment.”
— LTG Scott A. Spellmon, 55th Chief of Engineers, to the House Committee on Transportation & Infrastructure, Water
Resources & Environment Subcommittee (24 June 2021)
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Nature-Based Solutions: Conserving, restoring, and engineering
nature for the benefit of people and nature .

« Coastal Storm Risk Management; e.g., an
island-wetland complex that attenuates storm
surge and waves.

* Inland Flood Risk Management; e.g., a
restored inland floodplain that provides space
for high flows.

« Surface Heat Reduction; e.g., creation of
green space, forest restoration.

* Drought and Wildfire Resilience; e.g.,
restored native vegetation + grazing + ‘slow-
water’ interventions + ecological forest
management.

« Water Resilience; a constructed freshwater
wetland that absorbs excess nutrients and
recharges depleted groundwater aquifers.

« Climate Change Mitigation; e.g., restored
native grasslands / plant communities that
sequester carbon in soills.

Soil surface temperatures reveal
moderation of the urban heat island effect
by trees and shrubs

mmmmmmmmmmmmmmmmmmmmmmmmmmmm
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Leveraging Nature for Engineering Value: Wetlands

Wetland Value During Hurricane Sandy:

* Risk industry tools used to quantify the economic
benefits of coastal wetlands

 Temperate coastal wetlands averted more than
$625 million in flood damages.

* In Ocean County, New Jersey, salt marsh

conservation can significantly reduce average
annual flood losses by more than 20%.

COASTAL WETLANDS AND FLOOD DAMAGE REDUCTION
Using Risk Industry-based Models
to Assess Natural Defenses in the Northeastern USA

October 2016
UNIVERSITY OF CALIFORNIA

SHSINTHCRN] Sedature s WP Eeigghoen
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TERCENTENARY
RESEARCH

FOUNDATION
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Storm Impacts and Damages: 22-29 October 2012
Human
286 people killed (159 in the US)   
500,000 people affected by mandatory evacuations
20,000 people required temporary shelter
Extensive community dislocations – continuing today in some areas
Economic 
$65B in damages in the U.S. 
26 states affected (10 states and D.C are in the NACCS study area)
650,000 houses damaged or destroyed
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Engineering With Nature: USACE Proving Grounds

« Galveston District

« Buffalo District

* Philadelphia District
 Mobile District

 San Francisco District
« St. Louis District
 South Pacific Division

US Army Corps of Engineers e Engineer Research and Development Center
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“Natural Infrastructure” in the
Infrastructure Investment and Jobs Act 2021

Billions invested in nature-based solutions
17+ references to “natural infrastructure”

in the bill
USACE: ~$17B in appropriations,
including:

« $2.5B for CSRM, $1B for multi-purpose

« $2.5B for inland FRM, $750M for multi-
purpose

DOT, surface transportation NI

DOE, hydropower and FRM NI

BoR, Western Water Infrastructure NI

Other supporting investments with NRCS,

ZEfM'A, NOAA, EPA, USFWS, Bureau Indian
airs

US Army Corps of Engineers e Engineer Research and Development Center
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Nature-Based Solutions: A White House Priority

.ﬁﬁE
WHITE HOUSE o T _
ROUNDTABLE — Executive Order on Tackling the
'''''''''''' “KNOWLEDGE IN NATURE:  Climate Crisis at Home and Abroad
. . How NATURE Can HELp | “mmsesres
Executive Order on Strengthening the  HowNatureCavHewr | |
. ) o, 0 America the Beautiful
Nation’s Forests, Communities, and 30x30

L 0]& 8.1 E CONno ml es Justice40 Initiative

APRIL 22, 2022 « PRESIDENTIAL ACTIONS

Sec. 4. Deploying Nature-Based Solutions to Tackle Climate Change and Enhance Resilience:
“To further amplify the power of nature, including its ability to absorb climate pollution and increase
resilience in all communities, today’s Executive Order calls for the following:”

1) Report on Nature-Based Solutions

2) Guidance on Valuing Nature

3) First U.S. National Nature Assessment

US Army Corps of Engineers e Engineer Research and Development Center
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- A Call to Action -
An Imperative for the 215t Century:

100% Beneficial Use of Dredged Sediment

Beneficial Use Innovation: There’s
something for everyone to do!

= Government Agencies Doing
Dredging: Doing business differently

= Ports / Navigation Sector: Multi-
purpose projects

= Regulatory Agencies: Efficiently
pursuing win-wins

* Dredging / Engineering Companies:
Innovative engineering and operations

= Environmental NGOs: Facilitating P3s

The Key: Affordability, Affordability, Affordability

US Army Corps of Engineers e Engineer Research and Development Center
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Beneficial Use: Status and Opportunities

“Beneficial use” is using dredged sediment to achieve additional benefits beyond its
removal from a channel/waterway, including other economic, environmental or social

benefits.

« USACE has a long track record of BU

* ~30% of dredged material beneficially used over last 20
years (60 out of 200 mcy/yr)

- >1.5 billion cy used in beach construction over last 100
years

. 25,000 acres of wetlands created in south Louisiana since
1970s

* BU supports:
 Climate change adaptation thru Engineering With Nature,
 Habitat for fish and wildlife
- Tribal equities, Threatened and Endangered Species
» Social value to enhance resilience of communities and
vulnerable/underserved populations
« BU challenges:
« Budget constraints
» Federal policies/regulations/business practices
 State policies/regulations/business practices

Galveston Bay, TX

Thin-Layer Placement for Wetlands, Avalon, NJ

US Army Corps of Engineers e Engineer Research and Development Center
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The “Federal Standard” and WRDA Section 125

Federal standard means the dredged material disposal alternative or alternatives identified
by the Corps which represent the least costly alternatives consistent with sound
engineering practices and meeting the environmental standards established by the
404(b)(1) evaluation process or ocean dumping criteria. 33 CFR 335.7

WRDA 2020, SEC. 125: BENEFICIAL USE OF DREDGED MATERIAL

« Itis the policy of the United States for the Corps of Engineers to maximize the
beneficial use, in an environmentally acceptable manner, of suitable dredged
material...

* the Secretary shall consider—(i) the suitability of the dredged material for a full
range of beneficial uses; and (ii) the economic and environmental benefits,
efficiencies, and impacts...

 The economic benefits and efficiencies from the beneficial use of dredged material
considered by the Secretary under subparagraph (A) shall be included in any
determination relating to the “Federal standard”...

US Army Corps of Engineers e Engineer Research and Development Center
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Applying the Full Range of Beneficial Use

Sediment “Recharge” via Direct Wetland Wetland Creation Island Enhancement or
Dredging “Nourishment” , - Restoration

Strategic Placement

Beach and Dune New Island Construction

Construction
Thin-Layer Placement

for Bottom Contouring

US Army Corps of Engineers e Engineer Research and Development Center
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The USACE Dredge Hurley, based in Memphis, and Dredge Potter, based in St. Louis.



Barrier Island: Deer Island, Biloxi, MS

Biloxi Harbor Navigation Project — 3.65 m (12 ft)
deep navigation channel

Sediment beneficial use to restore marsh,
create terrestrial and aquatic habitat, provide a
more resilient shoreline for future storm events,
create long term disposal capacity

Hurricanes over time destroyed forests,
significantly eroded shoreline, and left
elevations too low to support marsh vegetation

Filled breach in west end of the island

1.5 mcm dredged material to restore southern
shoreline using 4 km long wave barrier

Strategic vegetation plantings (625,000+ plants)

Construction of a 0.76 mcm lagoon for BU
dredged material from navigation channels

Providing significant environmental, coastal
storm, and recreational benefits

UNCLASSIFIED
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Presenter Notes
Presentation Notes
Added significant and much needed DM capacity.  Note significance of the coastal protection benefits provided by this and the other barrier islands along the MS gulf coast.
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Empowering Partnership: Swan Island v @

Engineering With Nature
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https://coastalscience.noaa.gov/project/evaluating-efficacy-of-island-restoration-and-enhancement-for-coastal-protection/
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Presenter Notes
Presentation Notes
Swan Island Restoration Project    Island is located in the Martin’s National Wildlife Refuge in the Chesapeake Bay.    USACE Baltimore District beneficially used approximately 70,000 CY of dredged sediment to restore the footprint of Swan Island.    About 40 acres in size.   

They began the project in OCT 2018 and completed dredging  in Apr of 2019.  Planted in June.   And there is a 160,000 vegetation plugs in the marsh.      

Town of Ewell is located on Smith Island to the south of Swan Island. 


This ongoing EWN R&D effort includes representatives from Baltimore District, USFWS, NOAA’s NCCOS, Army Engineering Research and Development Center, and the Maryland Department of Natural Resources.   Platforms were installed prior to dredging operation to collect pre- and post-construction hydrodynamic data.   

We’ve also been monitoring growth of marsh vegetation on the island and SAV transects around the island. 

All these results are being used to develop models to better quantify performance of island features…..  Engineering performance in from the standpoint of wave attenuation.  Models are also integrating the biological data, too.   The goal being that we can improve the design of island features and determine best locations for future siting, etc.  to maximize the benefits.

The models are also helping to inform our understanding of when adaptive management strategies/interventions might be needed.    
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Facilitating Field Implementation: SmiL W\

Engineering With Nature

Seven Mile Island Innovation Laboratory Chdineeting
= Collaboration and partnership that BEEEFF A" Natu
is b.undln_g first-of-their-kind NBS BaE g 85 Landscape
projects in coastal New Jersey s MR & ey Architecture

NJBB.. ==

 Began in conversation

» Accelerated by a storm (Sandy)
* Progressed through piloting

* Now in full-scale implementation

» Management
Alem BE CArea

of Engineers.

TheNature @
(,onscr\ ancy

Protecting nature. Pre: ing life.

Fish arld Wlldllle
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Presentation Notes
Progress requires partnership.
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Mobile Bay: Innovation thru Science-Informed Collaboration

The Problem: WRDAS86

Place all dredged sediments in ODMDS
- 4.0 mcyl/yr, hopper dredge, 20+miles

: - Tripled maintenance costs

@ The Solution: 2014, decision reversed

'Hﬂ = - EWN approaches and demonstration

i Emergent - RSM Interagency Work Group

1
Tidal Marsh

The Benefits: $712M reduced operational
costs + more BU!
Thin Layer Placement in Mobile Bay
; Sand Island Beneficial Use Area (SIBUA)
o) ' e -Downdrift benefits to Dauphin Island
/F 7 ' -Protect lighthouse
Fill dredge holes
-Brookley Hole, Oyster Holes
Gaillard Island
- Marsh Creation, biodegradable
containment, Brown Pelican
Gutf o Mexico _ . Future in-Bay placement:
-TLP for 1000-acre emergent marsh

i
Gaillard ~ [[ESS SFF Uy -

S5l Containment
|-Marsh Creation |

S island Fill Mined  |ia
-Biodegradable Oyster Holes|g
| ¥ \

e,
=By
i = 8

| 1,2,3,10,11,13 |4
Thin Layer Placement Cells fag* - ]

] Sand Island BU
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Presentation Notes

Alabama Department of Conservation and 
	Natural (ADCNR), State Lands Division
ADCNR, Marine Resources Division
Alabama Department of Environmental 
	Management (ADEM)
Alabama State Port Authority
U.S. Fish and Wildlife Service
NOAA, National Marine Fisheries Service
Alabama/Mississippi Sea Grant
Mobile Bay National Estuarine Program 
Others….
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Horseshoe Bend Island,

Documenting NBS Benefits: Atchafalaya River, Louisiana, USA

Integrated Environmental
Assessment and Management

Quantifying Wildlife and Navigation Benefits of a Dredging
Beneficial-Use Project in the Lower Atchafalaya River: A
Demonstration of Engineering with Nature®

Project Awards:
« 2015 Western Dredging Association Award for Environmental Excellence
« 2017 Western Dredging Association Award for Climate Change Adaption
« 2017 Dredging and Port Construction Award for Engineering with Nature
« 2020 USACE Green Innovation Award

Christy M Foran, | Kelly A Burks-Copes, | Jacob Berkowitz, | Jeffrey Corbino, § and Burton C Suedel*}

US Army Corps of Engineers e Engineer Research and Development Center
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Presentation Notes
Modified operational practice.  Used the river to engineer the feature.  The island produced a shift in the natural channel, both shortening the transit distance and creating a channel that moves sediment more efficiently, resulting in less annual dredging (saving several million dollars annually) with less carbon emissions.  The diverse habitat is also sequestering carbon in the active soils.  Abundant plant and wildlife.  The site also being used recreationally by the local community.
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Evaluating Benefits: BCA Policy Research ¢

Current federal alternative evaluation process does not comprehensively value
economic, environmental, and social benefits. These constraints screen out or exclude ’i?
Nature-Based Solutions (NBS) and could lead to outcomes inconsistent with the A LT
Administration’s priorities around community resilience and equity. o

W w NATIONAL
» snreee

* ACADEMIES . )

Approach:

» Summarize historical and current alternative evaluation
policies and practices

» |dentify 6 historical planning studies that considered NBS

alternatives suitable for case study analysis
Jacksonville Harbor (NAV, South East)

Jamaica Bay Reformulation (CSRM, North East)
Southwest Coastal (CSRM, Gulf Coast)

South Platte River and Tributaries (FRM, North West)
West Sacramento (FRM, Pacific)

South San Francisco Bay Shoreline (FRM, Pacific)

= Review updated valuation methods and planning
frameworks that incorporate environmental and social
benefits

= Analyze case studies using updated methods and

exploratory analysis to look beyond current policy National Summit: Measuring What Matters
I
https://ewn.erdc.dren.mil/?p=7841 November 30, 2022; Washington D.C.

DAL~
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Sustainability: Sustainability is achieved by efficiently investing
resources to create present and future value

The National Environmental Policy Act (1969): “create and maintain conditions under
which humans and nature can exist in productive harmony, that permit fulfilling the
social, economic and other requirements of present and future generations.”

) SUSTAINABLE ¢ s

What value and for < DEVELOPMENT \J %un® ALS
whom? someAn 23.1;2:’.],_ - s
= Economic development A w M & o

= Natural capital s [ [T — I
= Biodiversity -

* Human well-being
= Social equity
= Etc.

i & S a4l CO

| CLIMATE 1 1 ‘ PEACE, JUSTICE ‘ PARTNERSHIPS -
/ 13 ACTION 14 BELOW WATER 5 ON LAND B AND STRONG FURTHE GOALS @

INSTITIJII[INS

> == & s
o £ ¥ P Eia

ental  Economic
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Presentation Notes
Article written by a Dutch architectural firm musing about creating 100,000 hectares of new land in the north sea to address future land shortage in the Netherlands. https://www.mvrdv.com/stack-magazine/3890/new-netherlands-north-sea-why-and-how 

Which includes fiscal sustainability.  Efficiency is an important concept in the notion of sustainability.  If you can’t afford it in the long run, that represents a vulnerability in your system, if not a threat.

The Sustainable Development Goals (SDGs) are a collection of 17 global goals set by the United Nations. The broad goals are interrelated though each has its own targets to achieve. The total number of targets is 169. The SDGs cover a broad range of social and economic development issues. These include poverty, hunger, health, education, climate change, gender equality, water, sanitation, energy, environment and social justice.[1] The SDGs are also known as "Transforming our World: the 2030 Agenda for Sustainable Development" or Agenda 2030 in short.[2] The goals were developed to replace the Millennium Development Goals (MDGs) which ended in 2015. Unlike the MDGs, the SDG framework does not distinguish between "developed" and "developing" nations. Instead, the goals apply to all countries.
Paragraph 54 United Nations Resolution A/RES/70/1 of 25 September 2015 contains the goals and targets.[3] The UN-led process involved its 193 Member States and global civil society. The resolution is a broad intergovernmental agreement that acts as the Post-2015 Development Agenda.

With EWN, we’re focused at the intersection of several SDGs, particularly, 9, 14, and 15

Goal 9: Industry, Innovation and Infrastructure[edit]
"Build resilient infrastructure, promote inclusive and sustainable industrialization and foster innovation."


Goal 14: Life Below Water
"Conserve and sustainably use the oceans, seas and marine resources for sustainable development."[48

Goal 15: Life on Land[edit]
"Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests, combat desertification, and halt and reverse land degradation and halt biodiversity loss."[56
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The Science of Nature-Based Solutlons Usmg Muiltiple
Lines-of-Evidence

__EWN Toolkitin CSTORM

Physical Modeling
Numerical Modeling
Natural Analogs Feienie epere

. OPEN Resistance, resi!ience, anc.i recovery

Scaled Demonstration:  Ziccmiinin.
Expe rience
* Project Monitoring

Traditional Ecological
Knowledge
* Engineering Judgment

' Updated Topo/Bathy =
T

epard*, Michael W. Beck®,

Huamantanga, Peru. People use and maintain
1,400-year-old amunas, canals. Credit: Diego
Pérez/Forest Trends
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Developing Guidance: International Guidelines on Natural
and Nature-Based Features for Flood Risk Management

NNBF Guidelines Table of Contents

* Chapter 1. Introduction

* Chapter 2. Principles, Frameworks, and Outcomes
* Chapter 3. Community Engagement

* Chapter 4. Systems Approach

* Chapter 5. Performance

* Chapter 6. Benefits and Costs of NNBF

* Chapter 7. Adaptive Management

* Chapter 8. Introduction to Coastal Systems

* Chapter 9. Beaches and Dunes

* Chapter 10. Coastal Wetlands and Intertidal Areas
* Chapter 11. Islands

* Chapter 12. Reefs

* Chapter 13. Plant Systems

* Chapter 14. Environmental Enhancements

* Chapter 15. Introduction to Fluvial Systems https://ewn.erdc.dren.mil/?page id=4351

Welcome to the

Wsé,bfenﬁbsvezom

WWWw.engineeringwithnature.org

VA2 ARUP Baird. ¥Biohabiass [g 3:@? R

* Chapter 16. Fluvial Systems and Flood Risk Management

* Chapter 17. Benefits and Challenges of NNBF in Fluvial Systems
* Chapter 18. Fluvial NNBF

* Chapter 19. Fluvial NNBF Case Studies

* Chapter 20. The Way Forward

Winner, Environment Agency Flood & Coast
International Excellence Award, 2022

Deltares @ECU @9~ EDF@G |
@IGFDRR @& =z JWhmwisese @umvsnsm
Jacobs (i Mo el mumn Wty
3 Novisoors TR [CTDETMEN i toiphetas e
NNBF Guidelines Sanford pNuwre@y ST 40 i T Tonkinerapor
¢ >1,000 pages, 5-year effort R T T T —rou—

* >70 multi-sector organizations
* >170 authors and contributors

£3 orroess [ mime EUSGS  van Oord
Marine ingenuity

VIMS | 2 @wmnmmmup \(‘WWF

“The guidelines do not contain or represent the policy commitments or policy positions of the
organizations that participated in their development. Policy development is the sole purview of each
organization and the laws and procedures that govern their activities.” Pages xi-xii. 119


Presenter Notes
Presentation Notes
It doesn’t answer every question.  One must never think of guidance as an “oracle”.  There is no source for all of the answers.  God gave us brains, for goodness sakes, not a library of look-up tables.

https://ewn.erdc.dren.mil/?page_id=4351
http://www.engineeringwithnature.org/
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National Academy of Engineering Workshop:
Workshop on Benefits, Applications, and Opportunities of Natural Infrastructure

May 10-11, 2022

ENGHEERING
MANUALS + PRMPRIELS

NATIONAL e

Engineering

ACADEMIES hedicine

Proceedings of a Workshop—in Brief

Benefits, Applications, and Opportunities of

Natural Infrastructure

Proceedings of a Workshop—in Brief

Natural infrastructure is the practice of using
occurring aspects of the landscape andfor nature

based solutions that use or imitate natural processes
{e.g., wetlands, living st fcipal green
infrastructure) to support natural hazard resilience,
climate change adaptation, and other benefits to people
and ecosystems. Recognition of the multiple benefits

of natural “green” infrastructure has increased over

the past several decades, used alone or in combination
with built "gray" infrastructure solutions, such as
seawalls and levees. Yet many potential opportunities
remain untapped. On May 10-11, 2022, the Resilient
America program at the National Academies of Sclences,
Engineering, and Medicine {the National Academies)
convened a workshop to explore opportunities to link the

benefits of natural infrastructure across geographic scales
and multiple cbjectives. Spensored by the U.S. Army
Corps of Engineers (USACE) and hosted by the Institute
for Resilient Infrastructure Systems at the University

of Georgia (UGA), the hybrid workshop was targeted to
the engineering community, as well as scientists, policy
makers, planners, and others involved with designing,
developing, and funding natural infrastructure.!

* The agenda, speaker biographies, presentations, and recordings can be
found a hitp i Jewent) 2022 (wark-

In welcoming participants, 8. Jack Hu (UGA) recognized
the value of bringing together experts from the higher
education, industry, government, and nonprofit sectors
to discuss how natural infrastructure can mitigate
climate change and other hazards. "“This workshop
reflects the fact that sclutions to large and complex
socletal problems require expertise from many different
disciplines. Interdisciplinary collaborations are key,” Hu
said.

chalr Hussam d {Colorado
State University) outlined the workshop goal to explore
the benefits, applications, and opportunities of natural
infrastructure to advance and mainstream solutions in
public and private ing practice. He ach

the need to look at the tradeoffs between sustainability,
alignment between competing priorities, and resilience at
different ecales and the variety of methods and setrings
to consider in decision making (Figure 1). Mahmoud
explained the committee structured its agenda around
four themes: (1) application of natural infrastructure; (2)
elements of implementation; (3) malking timely progress;
and (4) syncing with policies.

SEPTEMBER 2022 | 1

Comyriaht National Aca

y of Sciences. All rights

https://www.nationalacademies.org/event/05-10-2022/workshop-on-benefits-applications-and-opportunities-of-natural-infrastructure#sectionEventMaterials
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Designing for Nature-Based Solutions

Engineering

Engineering
Wwith With

Landscape __Landscape- Scape

Architecture " Archifetture,, - - ct Architecture
“New Jersey €26 ' : W.P. Franklin-&

Back Bays e : Moore Haven Fishing Créek

e

‘a reportdertifying design concepts fo ncor
Landscape Achiecture sppcaches o S,

Aos
O
.
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e

e

https://ewn.erdc.dren.mil/?page id=81
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the

Supporting People and Communities g

» Science says that nature directly

supports human wellbeing!
* Physical health

» Blood pressure
" rure Makes US Happie"

> H ea I I n g u;i:,,-:‘\r‘;fe'f: and More Creative _

» Immunity Nature experience reduces ruminationand * e MALLIE
subgenual prefrontal cortex activation

» Etc. g P
Gregory N. Bratman, J. Paul Hamilton, Kevin S. Hahn, Gretchen C. Daily, and James J. Gross

o M e n ta I h ea Ith PNAS July 14, 2015 112 (28) 8567-8572; first published June 29, 2015 https://doi.org/10.1073/pnas.1510459112

» Cognitive function scientific reports

» Anxiety Urban street tree biodiversity

» Depression and antidepressant prescriptions

. . . Melissa R. Marselle?*™, Diana E. Bowler%*, Jan Watzema®?, David Eichenberg®®,
> SOCIallzatlon Toralf Kirsten®’ & Aletta Bonn%%*
» Etc. “It is a scientific fact that the occasional contemplation §

of natural scenes... is favorable to the health and vigor
of men...” Frederick Law Olmsted (1822-1903)
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Presenter Notes
Presentation Notes
Equity: Even more so for poor, underserved, disadvantaged communities.

In 1984, Roger Ulrich, professor and director of the Center for Health Systems and Design at Texas A&M University, published the results of a pioneering study that looked at the recovery rates of gall bladder surgery patients in relation to the views from their rooms in a Texas hospital. Some of the patients looked out over a garden and grove of trees, while others had a view of a brick wall. Ulrich found that patients with a natural view spent fewer days in the hospital and used less pain medication (Ulrich 1984). 


A new study finds quantifiable evidence that walking in nature could lead to a lower risk of depression.
Specifically, the study, published in Proceedings of the National Academy of Science, found that people who walked for 90 minutes in a natural area, as opposed to participants who walked in a high-traffic urban setting, showed decreased activity in a region of the brain associated with a key factor in depression.
“These results suggest that accessible natural areas may be vital for mental health in our rapidly urbanizing world,” said co-author Gretchen Daily, the Bing Professor in Environmental Science and a senior fellow at the Stanford Woods Institute for the Environment. “Our findings can help inform the growing movement worldwide to make cities more livable, and to make nature more accessible to all who live in them.”

Nature experience reduces rumination and subgenual prefrontal cortex activation
Gregory N. Bratman, J. Paul Hamilton, Kevin S. Hahn, Gretchen C. Daily, and James J. Gross
PNAS June 29, 2015. 201510459; published ahead of print June 29, 2015. https://doi.org/10.1073/pnas.1510459112 

“This study reveals a pathway by which nature experience may improve mental well-being and suggests that accessible natural areas within urban contexts may be a critical resource for mental health in our rapidly urbanizing world.”


 URBAN NATURE FOR HUMAN HEALTH AND WELL-BEING A research summary for communicating the health benefits of urban trees and green space  USDA Feb 2018

Urban street tree biodiversity and antidepressant prescriptions.  Melissa R. Marselle1,2,3*, Diana E. Bowler1,2,4, JanWatzema1,2, David Eichenberg1,2,5, Toralf Kirsten6,7 & Aletta Bonn1,2,4. Scientific Reports | (2020) 10:22445 | https://doi.org/10.1038/s41598-020-79924-5.

Growing urbanisation is a threat to both mental health and biodiversity. Street trees are an important biodiversity component of urban greenspace, but little is known about their efects on mental health. Here, we analysed the association of street tree density and species richness with antidepressant prescribing for 9751 inhabitants of Leipzig, Germany. We examined spatial scale efects of street trees at diferent distances around participant’s homes, using Euclidean bufers of 100, 300, 500, and 1000 m. Employing generalised additive models, we found a lower rate of antidepressant prescriptions for people living within 100 m of higher density of street trees—although this relationship was marginally signifcant (p= 0.057) when confounding factors were considered. Density of street trees at further spatial distances, and species richness of street trees at any distance, were not associated with antidepressant prescriptions. However, for individuals with low socio-economic status, high density of street trees at 100 m around the home signifcantly reduced the probability of being prescribed antidepressants. The study suggests that unintentional daily contact to nature through street trees close to the home may reduce the risk of depression, especially for individuals in deprived groups. This has important implications for urban planning and nature-based health interventions in cities.
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“Revolutionizing” Practice Through Nature-Based Solutions

 Policy development
« Engagement with policymakers
* Policy/procedure “modernization”
- Engagement, partnering, and teaming
« Within USACE, e.g., EWN Proving Grounds
 With other organizations inside and outside
government
* Innovation
« Creating a vision of the future
- Establishing goals, targets and conditions
 New science and engineering and tools for delivery
* On-the-ground projects and demos

« Across the spectrum of applications and project
development (i.e., from planning to operations)

« Scaling up nature-based solutions
« Strategic communications
* Individual research papers
« Communication tools, e.g., EWN Atlas Vol 1 and 2
 Education, e.g., academic curricula, training
« Good Storytelling

US Army Corps of Engineers e Engineer Research and Development Center
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Presentation Notes
There are a number of elements that must be combined to make practical progress in innovating…

The heart of innovation is change, and even change for the better will confront many obstacles.  Most people in different ways and to different degrees don’t like change.  100% of institutions and organizations struggle to implement meaningful, beneficial change. 

In many ways the Corps of Engineers is a sandcastle, and we can become more so by Engineering With Nature. 
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Sparking Conversation, Thinking, and New Ideas

About v Podcast Proving Grounds Research v Resources v NNBF v

| w & W With Noture comtactus |
g e /
: What is Engineering With Nature?
B H N Engineering With Nature® is the intentional alignment of natural and engineering processes
mnee"ng WIIII "al“re® to efficiently and sustainably deliver economic, environmental, and social benefits through

collaboration.

DETAILS

AN ATLAS

~ Engineering With Nature

SUPPORTING MI1ss10N-RESILIENCE

With Nature

& W\

EWN On The Road

= A =

psS://ewn.erdc.dren.mil//p=5966

ENGINEERING WITH NATURE

| . Advancing nature-based solutions

www.engineeringwithnature.org — PO =
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Presenter Notes
Presentation Notes
Progress is achieved by communicating across multiple channels: to the public as well as practitioner and policymaker.

Ship Island, Cover Volume 2

https://ewn.erdc.dren.mil/?p=3586
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The Evolution of Laparoscopy and the Revolution in Surgery in the Decade

of the 1990s, William E. Kelly, MD, SLS President 2008
7%

“The changes in surgical endoscopy leading up to 1988 JSLS i‘é :

. . . ournal of the Society of Laparoendoscopic Surgeons
were, in fact, gradual and evolutionary. For any major
change or progress to take place, many factors must fall
into place. In the case of laparoscopy, dramatic technical
innovations were required. Additionally, there is a season
for any change, requiring a favorable and supportive
philosophical environment. Authoritative institutions
must be convinced of the safety and efficacy of the
changes relative to the comfortable status quo.
Momentum always favors inertia. Fears must be
overcome: fear of making mistakes, fear of failure, fear of
established procedures becoming obsolete, and fear of
established authorities losing control. Successful change
requires timing and a force more powerful than the status
quo. The strongest force for sustainable change is a
worthy goal.”

US Army Corps of Engineers e Engineer Research and Development Center
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Presentation Notes
I’d like to return to the place where I started, with Piper having laparoscopic surgery to remove here appendix.  Dr. Kelly, the president of the then president of the Society of Laparoendoscopic Surgery, wrote this in 2008 about the introduction of this transformative technique into practice…

Let’s consider innovation in laparoscopy, a technology that I appreciation even more since last week.  Piper went home the same day as her emergency surgery, with less risk of post-operative infections, less pain, and a much faster recovery trajectory than traditional surgical methods.
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