ENGR 8990: Field Experiences in Natural Infrastructure October 23-26, 2025
Fall 2025

Bledsoe and McKay
Day 2: Morning Handout

Themes for today:

e Urban / suburban land use effects on watershed processes

o Urban green infrastructure / natural infrastructure features and strategies
¢ Management of urban streams, floodplain corridors and riparian zones

e Equity considerations in urban NI

e Social benefits of urban NI

Plan for the day: Campus stormwater walk (morning, left). Greenw

YT e (@ Y, Y \

ay planning (afternoon, right).

INFRASTRUCTURE
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UGA Campus Watersheds
Watershed Elevation

Lilly Branch, Tanyard Creek, and North Oconee River

Data Sources | Water Quality Report (Brown + Caldwell); Atlanta Regional Information System; UGA Office of University Architects GIS Database

Fecal coliform bacteria, dry sampling
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8.1 Solids Accumulation and Associated Pollutant Concentrations
Areas

Residential Residential Light
Low Density High Density Commercial Industrial Highways
10-182 30-210 13-180 80-288 13-1100
5,260 3,370 7,190 . 2,920 2,300-10,000
39,300-40,000  40,000-42,000  39,000-61,730 25,100  53,650-80,000
Total N 460480 530610 410-420 430 223-1,600
Cd 3.2 2.7 29 3.6 2.1-10.2
gcal coliforms  60,570-82,500  25,621-31,800 36,900 30,700 18,768-38,000
(MPN/g)
- After Ellis (1986).

Table 8.8 Vehicle Emissions of Pollutants

Emission Rate (g/km - vehicled)

Pollutant Gasoline Diesel
Total hydrocarbons? 10
Nitric oxides? 3 ;
Lead?® 0.01 0
Benzo[a]pyrene? 7 X 10-7 2 X 10‘5'-;'
Fluoranthene® 2X10-5 4 x 10'5:‘
Suspended solidse 13 1
Total phosphoruse 0.001 :
é:::: = 0.003 (total) S
Coal I X 10-6 (total) k-
i 4.5 X 10~ (total) :

Without catalyst 0.003 i

With catalyst 0.001 5
Phenanthrened .

Without catalyst

i 0.
With catalyst 0 23201 5

“Same as mg/m - vehicle,

*Compilation by Ball et al, (1991).

cData from Shaheen (1975).

“Data from Acres (1991). .'
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40% evapotranspiration 38% evapotranspiration

25% shallow ; 21% shallow
infiltration infiltration

25% deep

21% deep

# infiltration & infiltration
Natural Ground Cover 10%-20% Impervious Surface
35% evapotranspiration 30% evapotranspiration
--_; [}
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EEEE
e
30% EEma.
runoff EE@
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l . l . . l = = = -
' =n=0Q
20% shallow = 10% shallow =
infiltration infiltration =
15% deep o 5% deep
* infiltration * infiltration
35%-50% Impervious Surface 75%-100% Impervious Surface

General stormwater principles

e The most effective runoff quality controls reduce both the volume and peak of
runoff. How might this be done?

¢ Small storms are generally most important from a quality standpoint because
they cause considerable washoff of pollutants without much dilution. Stormwater
systems are generally designed to deal with larger storms and may not be
effective for quality control.

e A rule of thumb is that SCMs and NI should limit the peak runoff of small storms
less than two-years return period in addition to less frequent design storms.

e Most important pollutants in urban runoff can be settled out, but sometimes the
dissolved form is also important. Control of dissolved pollutants can be more
difficult than for adsorbed forms which settle out.

e Applicability of SCMs and Nl is site specific.

e Longevity is a problem for some urban BMPs and NI features that tend to fill up
with sediment and clog.
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18+

104 Hollis (1975)

DISCHARGE BEFORE URBANIZATION
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VALUES OF DISCHARGE AFTER URBANIZATION

If you don’t eat the energy, the energy will eat the channel!
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Exceedance Frequency for Detention Basins in Fort Collins, Colorado
100.00
10.00 " Uncontrolled
g 100&10&BMP Controls
o 100&10&2-yr Controls
: o0 e
[ Undeveloped
i
¢
0.10
0,01
100.00 10.00 1.00 0.10 0.1
Exceedances per Year

Mote: BMEP 15 “extended detention with 24-hr drawdown tume

Effect of Detention and BMPs on the Post-development Flow
Frequency Curve

07FINE

AGGRADATION

DEGRADATION

Must consider resistance of boundary Must quantify bucket: all erosive flows
materials and potential for reduced over time (magnitude and duration)
sediment load over time
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\ IMPERVIOUSNESS \

Connectivity, Conveyance, Change in
Storage, and Mitigation Scheme

CHANGE IN
SPECIFIC STREAM POWER

Proximity to a Geomorphic Threshold
Entrenchment
Riparian and Bank Condition
Time-Integrated Sediment Transport
Wood / Channel Size
Lateral vs. Vertical Adjustability
Resistance of Stream Type

RISK OF STREAM INSTABILITY ‘

Green Parking Green Roofs

lots

Plantingurban Flood water retention

Bioswale
Green streets

Whelchel et al. (2018)

Rain Garden
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@ OPEN ACCESS | Technical Papers | Jul14, 2022

Effects of Design and Climate on Bioretention Effectiveness for
Watershed-Scale Hydrologic Benefits

Authors: Roderick W. Lamrmers, Ph.D. ' B, Laura Miller, and Brian P. Bledsoe, Ph.D.,, MASCE = AUTHOR AFFILIATIONS

Publication: Journal of Sustainable Water in the Built Environment * Volume 8, Issue 4 * https:{doi.org/101061/5WBAY.0000993
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Faature avticle from Watershed Protection Techniques. 1(4): 153-163

The Architecture of Urban Stream Buffers

Compost

Foot patt

' STREAMSIDE ‘ (

ZONE

SR L vioe distance betwees PO
| TION rotect the phwaical intepty § niand deve e rrey encroachmen
FUNC { the stream ¢ yS1py v v and filer backyned runoft
g streamside 2one
} — S 4 I
10 100 feet, ¢
Min. 25 fest 100t mirnimum
£ " atrasrn order 8
WIDTH wetlands and onitical habitats | 1'; 2 w"' - setback 10 structures
he——— - -
| VEGETATIVE . forest Managed forest | Fotest encouraged
TARGEY some cleanng sowable | but usually turfgrass
g Very Restricted | Restricted | Unvestricted 0.g., residential
ALLOWABLE .2, 100d controd, utiley e.L., S0me recreational uses, | uses Includng lawn, garden,
USES et ", Ways \,. (( sth ',. somo stormwater B , bike l compost, yard wastes
{ ! 5, footpaths, etc
wdodgme g paths, troee removal by pamit | most stormwater BMPs

Table 2: Nuts and Bolts of an Urban Siream Buiffer

Minimum total width of 100 feet, including floodplain

Zone-specific goals and restrictions for the outer, middle, and
streamside zones

Adopt a vegetative target based on predevelopment plant community

Expand the width of the middle zone to pick up wetlands, slopes and
larger streams

B Use clear and measurable criteria fo delineate the origin and bound-
aries of the buffer

B The number and conditions for stream and buffer crossings should be
lirnited

B The use of buffer for stormwater runoff treatment should be carefully
prescribed

B Buffer boundaries should be visible before, during, and after construc
tion

B Buffer education and enforcement are needed to protect buffer
integrity

B Buffer administration should be flexible and fair to landowners




ENGR 8990: Field Experiences in Natural Infrastructure October 23-26, 2025
Fall 2025 Bledsoe and McKay

Table 1: Twenty Benefits of Urban Siream Buffers

[} = Benefit Amplified by or Requires Forest Cower

1. Reduces watershed imperviousness by 5%. An average buffer width of 100 feet protects up to
5% of watershed area from future development.

2 Distances areas of impervious cover from the stream. More room is made available for
placement of stormwater practices, and septic system performance is improved. (f)

3. Reduces small drainage problems and complaints. When properies are located oo close to
a stream, residents are likely to experence and complain about backyard flooding, standing
water, and bank erosion. A buffer greatly reduces complaints.

4. Stream “right of way” allows for lateral movement. Most stream channels shift or widen over
time; a buffer protects both the stream and nearby properties.

. Effective flood control. Other, expensive flood controls not necessary if buffer includes the
100-yr floodplain.

il Protection from streambank erosion. Tree roots consolidate the soils of floodplain and
stream bamks, reducing the potential for severe bank erosion. ()

T Increases property values. Homebuyers perceive buffers as attractive amenities to the
community. 90% of buffer administrators feel buffers have a neutral or positive impact on

property values. ()

B. Increased pollutant remowval. Buffers can provide effective pollutant removal for development
lzcated within 150 feet of the buffer boundary, when designed properiy.

. Foundation for present or future greenways. Linear nature of the buffer provides for con-
nected open space, allowing pedestrians and bikes o mowve more efficiently through a commu-
nity. (f}
10. Provides food and habitat for wildlife. Leaf litter is the base food source for many stream

ecosystems; forests also provides woody debris that creates cover and habitat structure for
aquatic insects and fish. (f)

11. Mitigates stream warming. Shading by the forest canopy prevents further stream warming in
urban watersheds. (f)

12 Protection of associated wetlands. A wide stream buffer can include riverine and palustrine
wetlands that are frequently found along the stream cormidor.

13. Prevent disturbance to steep slopes. Removing construction activity from these sensitive
areas is the best way to prevent severe rates of soil erosion. (f)

14. Preserves important terrestrial habitat. Ripardan comidors are important transition zones, rich
in species. A mile of stream buffer can provide 2540 acres of habitat area. ()

15. Corridors for conservation. Unbroken stream buffers provide “highways" for migration of plant
and animal populations. (f)

16. Essential habitat for amphibians. Amphibians require both aguatic and terrestrial habitats and
are dependent on riparian envircnments to complete their ife cycle. (f)

17. Fewer barriers to fish migration. Chances for migrating fish are improved when stream
crossings are prevented or carefully plamned.

18. Discourages excessive storm drain enclosuresichannel hardening. Can protect headwater
streams from extensive modificaton.

19, Provides space for stormwater ponds. When propery placed, structural stormwater prac-
tices within the buffer can be an ideal location for stormwater practices that remove pollutants
and control flows from wurban areas.

20, Allowance for future restoration. Even a modest buffer provides space and access for future
stream restoration, bank stabilization, or reforestation.
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Implementation of the ordinance
and master planning is much too
expensive. Housing costs are
too high already. Besides, a
flood that big can't happen agaln.

Our flooding problems are criticall
We need help and laws to protact
citizens. It's time to act! Form
2 committes. Adopt ordinances.
Wae need master planning.

—

The govemment Is responsible.
You should wam cltizens and not !
allow such development near a creek. You will love this house.
See the stresm nearby.

W
A 7/ Flooding - Oh that Is

This land has not flooded | sSoarrr-
In years! Look st the [|oorroo not a problem.
beautiful view. [ ﬂ((‘
.A“ r % f ]
) oAl
\ A, S
(o | i &
A~
—— ¥
A

According to state laws we must
adopt some ordinance. But It
does not have to be really strict.

There Is no need for storm
water ordinances. Just

more red tape and expense.
Storm water management s
Just too expensive.

Members of the Board, please
adopt this variance - Flooding
will not ba a problem.

i

+—>
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100-year
floodplain, 10
percent probability

100-year
floodplain

100-year
floodplain, 90

percent probability

Monte-Carlo Simulations of Flood Hydraulics
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Floodplainmaps that reflect
uncertaintyin:

* Extreme precipitation
* Land use change
* Drainage infrastructure

* Channel geometry, channel
change, sediment and debris

* Flow resistance [ vegetation,
debris

* Model parameters

Probabilistic
Floodplain

Mapping
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Risk Over a Planning Horizon

Probability of Flocding 5 90% Reliability to Flood Hazards
within 30 Years ¢ Over 30-years
I ==l Ssai & Pt [_ Shallow Flooding
o 0% 50%  100% WEARGREEN VA %‘:‘I’ﬁ‘ Toppled
] Fitoulatony Fioooptein MR RG [ Cars Siiding
. Boundary / 8 g [0 Structural Damage to Homes
L |Buiidings s . L5 [ Buildings
- D Regulatory Floodplain

Institute for Resilient Infrastructure Systems

Communicating flood risk:
o A 100-year flood has more than a 1 in 4 chance of occurring over a 30-year motgage.
For 90% reliability over 30-years, structures must be above the 285-year flood.
For 90% reliability over 50 years, structures must be above the 474-year flood.
IF THE FUTURE BEHAVES LIKE THE PAST

Risk Ratios (Inequity > 1) Benefit Ratios (Inequity <1)

At — Risk Black) Below Poverty w/Access)

Race Flood Risk Ratio = ( Total Black Poverty Benefit Ratio = ( Total Below Poverty
(At — Risk White) (Above Poverty w/Access)
Total White Total Above Poverty

Debbage, N. A. 2019. Multiscalar spatial analysis of urban flood risk and environmental justice In the Charlanta megaregion, USA. Anthropocene 28:100226.
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Socially vulnerable populations have higher
flood exposure

Census Tract Social Vulnerability to F loodingj
Athens-Clarke County, GA

RR=242 RR=1% RR =285 RR =148

Elack

Black, Hispanic, and
low-income populations
experience 38 to 185%
greater flood risk than
average in Athens, GA

Nea-Hspane NenPoverty
RR=176 RR =147

[ ~
Overrepresented Population |
Noew
Black
Hispanss
Povery S R SRR

Watershed Prioritization
Athens-Clarke County, GA

— Current Greenway

D Census Tracts with statistically significant Risk Ratio

- Rivers and Streams

Watershed Flood Index

Low

I Medium
A=
|
35
)

7 Mies
L 1 1 1 1 J
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Flood exposure inequity
Trail Creek, Athens, Georiga

Census Tract 140400:
non-Hispanic Black populations are 1.3
times more likely to live in the flood hazard
area than non-Hispanic white populations.

-~

Census Tract 30100:
n/a

Census Tract 30200: Hispanic }'," [ Trail Creek Watershed
populgtiqns are 1.4 times more likely '.' Existing Grasiway
to live in flood hazard area than

non-Hispanic. Non-Hispanic Black Fropiecd Cne crway

populations are 1.3 times more likely FEMA NFIP Special Flood Hazard Area (100-yr)
to live in flood hazard area than |:] Census
non-Hispanic white populations.

Tracts
I

[ T T T T T T ]
n ns

2 Miles NI




ENGR 8990: Field Experiences in Natural Infrastructure October 23-26, 2025
Fall 2025 Bledsoe and McKay

Is there a role for the built environment and natural

infrastructure in helping make people happier and
healthier? ENVIRON-

This is a growing literature that suggests there is a MENTAL

“geography of happiness”. This approach to place

making aims: to make people happy, to connect them ' sociAL

to each other, to promote good health, and to help (e

them thrive! ‘

This might involve clean air, quiet, short commutes, \\

nature contact, “third places”, and beauty...

To do this, we need to advance science and practice as well as stakeholder utility by:

o Improving description of actual flood risks (combined effects of land use, climate,

channels).

o Identifying and addressing risk inequities.

o Coorindating stream restoration and stormwater management to improve

outcomes and define realistic expectations.

o Scaling and targetting natural / hybrid infrastructure solutions to deliver a broader
array of benefits (i.e., social, hydrological, water quality, habitat,...)
Need to seek integration of floodplain management, stormwater (green+grey), stream
and buffer restoration, urban design,...

Urban River Parkways Every 1 dollar spent on
An Essential Tool for Public Health trails results in $3 to >$10
of direct medical benefit

Tchand & Backsan, W0, NPH - UCLA Flebing Schood of Pulbdic Heaih
Tyber D Wartsan, MIPH - LCLA Fiebfiog Sohaood of Public Heath
Aradrew Ty, MPH - UCLA Flefding School of Pubdic Hesth
Hanca Shudaker, MURP - USC Department of Urhan Plaaning
Shephharme Fogg. MM - Aotwis Moghins Sohoel of Bubbs Health
Miaden Popovic - UC Senta Rarbars

iy 2ma

Center for
Qccupational &

Enviromental
Health UCLA
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Spatial Multi-criteria Decision Analysis (MCDA)

Decision Makers

Field Experts

T - -

Spatial Prioritization

* Provide human and ecosystem benefits

+ Choose among many challenges and
potential opportunities

+ Highest priority watersheds for meeting
multiple objectives

+ Operationalize environmental equity
+ Align stream network investments

+ Equitable distribution of benefits and
protection from risks

* Multi-criteria decision analysis (MCDA)

/ Charkare-Meckieodirg

¢STORM
WATER

Sarvices ===

‘Y

Day 2: Exercise

Mike Wharton (ACC) and President Jere Morehead (UGA) have come to your team requesting
a spatial MCDA analysis to support decision on where to allocate $10M in NI project funds in
ACC and UGA, respectively. Form teams (with different people than yesterday) to identify the
criteria and subcriteria that will be used to rank combinations of projects in a spatial MCDA.
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Day 2: Afternoon Handout

Themes for today:

e Structured decision making is a family of methods (attempting) to make rational,
transparent, and (potentially) reproducible choices. These methods INFORM decisions;
people make decisions. Good decision methods don’t guarantee good decision outcomes.

o Concepts of critical thinking, NBS, and structured decision-making sound great on paper,
but they are really hard to execute in a constrained landscape. Ultimately, how do you “tell
the story” of a project?

o Society asks water managers to simultaneously overcome past mismanagement, cope
with present challenges, and adapt to future challenges, all while seeking novel solutions.

STRUCTURED DECISION MAKING:
¢ A structured decision making framework helps (PrOACT):
o Define the PRoblem
Set Objectives
Develop Alternatives
Assess Consequences
Make Trade-offs

o Tips for objective setting (Gregory and Keeney’s four-step process). A few prompts they
also suggest that might jar some thoughts lose...List problems and opportunities.
Compose a wish list. Identify a best and worst outcome. Pros/cons of good/bad
alternatives. Justify the project to the pubilic.

o Step 1: Write down the concerns you want to address.

o Step 2: Convert the general concerns into specific, succinct objectives. Write
objectives in verb-object format.

o Step 3: Organize objectives. Separate the ends from the means. (Ask “Why?”)

o Step 4: Clarify what is meant by each objective.

e Tips for alternative development:

o There should be clear alignment between your alternatives and objectives.

o Always include a "no action" alternative. This is the null hypothesis.

o When developing alternatives, identify a range of potential actions that could be
applied. Mix and match actions to create logical sets (i.e., alternatives). Consider
combinability and dependency. Make sure alternatives are substantially different
in terms of philosophy, cost, and benefit. Iterate on your alternatives.

O O O O

Assessing Consequences:
Summarizing Outcomes

What information does the decision maker need?

* Knowledge of the system, objectives, and decision context
= Analysis of costs, benefits, and return-on-investment

= Constraints and secondary objectives

Cost ($)

0: No action 0 (1] No No High
1: Fish ladder 85 + No Yes High
2:Damremoval | $ P Yes No Low

3: Removal with | 5% +++ No No Low
sediment mngmt Ecological Benefits
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River Styx

Background:

Small watershed on the Pacific coast
Two obsolete mining dams, which
present a flood risk to Anytown
Commercially valuable salmon run
blocked by dams

Problem: State Environmental Agency
wants to take action to reduce flood
risks and benefit the environment, but
funding is limited.

A few tasks:

Set at least one objective beyond
environmental benefit.

Consider whether there are other
alternatives to add to the matrix.
Identify a mechanism to assess
consequences for the objectives.
Populate the decision matrix to examine
trade-offs.

Recommend an action.

October 23-26, 2025
Bledsoe and McKay

4 miles

6 miles

5 miles

Anytown, USA

Alternative Cost Ecological Benefit
No action 0
Remove Dam-1 2,000,000
Remove Dam-2 1,500,000
Remove both dams | 3,000,000




