Pooled Monitoring Forum: Restoration Research to make
Science and Regulatory Connections

Wednesday, June 16, 2021, from 9 AM to 5 PM

Zoom/tech leads are Whitney Vong and Kathy Somoza (wvong@cbtrust.org and ksomoza@cbtrust.org)
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Morning
Session

 Welcome, charge for the day, and Pooled
Monitoring Program overview, Sadie Drescher

Director of Restoration Programs, Chesapeake
Bay Trust

* Lee Currey, Director of the Water and Science
Administration, Maryland Department of the
Environment (MDE) — Opening remarks for state
priorities and how research has been used to
guide policy



Pooled Monitoring Forum Agenda

Morning Session with opening remarks from Lee Currey, Director of the Water and Science Administration,

9to09:45

(0] am MDE
9:45 to 10:30 Arthur Parola (University of Louisville Research Foundation, Inc.), Keith Eshleman (University of Maryland
am Center for Environmental Science), and Sujay Kaushal (University of Maryland College Park)

10:30 to 11:45
am

Jamie Suski (EA Engineering, Science, and Technology, Inc., PBC), Mohammad Al-Smadi (Virginia Polytechnic
Institute and State University), and Cindy Palinkas (University of Maryland Center for Environmental Science)

11:45 am to Karen Dinicola, LG, LHG, EIT, Senior Policy Lead, Ecology Water Quality Program HQ (Lead for Washington
12:20 pm State’s Pooled Resources program) “Pooled Stormwater Monitoring”
12:20 to 1 pm Lunch Break

Sujay Kaushal (University of Maryland College Park), Deb Caraco (Center for Watershed Protection, Inc.),
1 t0 3:30 pm Theresa Thompson (Virginia Polytechnic Institute and State University), Tom Jordan (Smithsonian

Environmental Research Center) in coordination with and for the awardee, Arundel Rivers Federation, Byron
Madigan (Carroll County Government), and Vanessa Beauchamp and Joel Moore (Towson University)

What are your top restoration questions? Let’s see what research questions rise to the top for next year’s
Request for Proposals.




* Agendais at: Pooled Monitoring Forum:
Restoration Research to make Science and

1 Regulatory Connections - Google Docs
Meeting
Mate ria IS * Registration list: Attendance List- Pooled

Monitoring (June 16, 2021) - Google Sheets

* This meeting is being recorded and both the
recording and presentations will be posted on
the Pooled Monitoring Initiative website after
the meeting at:

https://cbtrust.org/grants/restoration-
research/



https://docs.google.com/document/d/1S06BGRMtCSmqNZol861h7RNygtmDzBUMk4DIdQ8VHPw/edit
https://docs.google.com/spreadsheets/d/1VCpf0R_8SgSQ4dE3XpGCFEa_d5yfCANpyJTwfeFiEMk/edit#gid=0
https://cbtrust.org/grants/restoration-research/

Pooled Monitoring Program - Science
answers key restoration questions

Desire to support the best, most cost-effective practices
at the most optimal sites, but differences of opinion
sometimes exist, and questions about the performance
and function of some of these practices persist

Pool resources to answer restoration questions posed by
regulatory community & practitioners

Increase power, objectiveness, and ability to know what
works

Bring science back to those that can use the
research/data

Kelsey Wood (UMD)
measuring groundwater for

“Tree Trade-Offs in Stream
Restoration Projects:
Impact on Riparian
Groundwater Quality”
project (Pl is Sujay Kaushal)



https://cbtrust.org/grants/restoration-research/

Process is Inclusive and Transparent

This is how the Pooled
Monitoring Initiative
works - integrating key
partners, stakeholders,
users, scientists, etc.
throughout the
process to share
information and guide
the feedback loop

Pooled Monitoring Advisory Panel
(PMAC) Information disseminated to all groups

PMAC — Polls these communities on /

priority research needs Agency reps go back to agencies —training of permit
review staff occurs

t

Agency reps and AP meet again to get consensus on

the fesdtuack
'

PMAC — Leads development of prioritized Agency rep takes info back to agency and gets
research questions list input/ feedback from their staff
PMAC — Leads review of existing literature PMAC meets with 1 individual from each agency to
to determine if answer exists OR if data communicate results and
exist that could be analyzed recommendations/interpretations

PMAC prepares and sends out a call for
proposals to answer questions: either new
research or new analysis

PMAC interprets answers into application
recommendations (particular to permitting)

)

PMAC reviews proposals along with review Research conducted; answers obtained
from additional experts



Pooled Monitoring Initiative Provides Solutions

Regulators prioritize their concerns with input
from practitioners

Funders “pool” resources

Top restoration questions issued in the
Restoration Research Request for Proposals
(RFP) in FY15 administered by the Chesapeake
Bay Trust

Scientific teams research these questions and
deliver answers back to the regulators

RFP open to any organization - looking for best
groups to answer your questions

Results used in decisions, policy, practices, etc.

Claire Welty (UMBC)
quantifying the cumulative
effects of stream restoration
and environmental site design
on nitrate loads in nested
urban watersheds using a
high-frequency sensor
network(Baltimore County,
MD)




Restoration Research Award Program

Supported 32 projects since FY 15 at ~$6M

Guided by the Pooled Monitoring Advisory
Committee

Uses scientific reviewers across the world to vet
applications

Runs all applications through a “management
review”

Projects are managed as contracts

: Monitoring stream banks
Questions are cycled off/on the RFP each year in Carroll County, MD, to
All awards, progress, and program products are seelintheyliccoveRalich

. restoration
online at;



https://cbtrust.org/grants/restoration-research/

 Welcome, charge for the day, and Pooled
M : Monitoring Program overview, Sadie Drescher
Orn I ng Director of Restoration Programs, Chesapeake

. Bay Trust
Session y

* Lee Currey, Director of the Water and Science
Administration, Maryland Department of the
Environment (MDE) — Opening remarks for state
priorities and how research has been used to
guide policy



Lee Currey, Director of the Water and Science
Administration, Maryland Department of the
Environment (MDE) — Opening remarks for the
Pooled Monitoring Initiative’s Forum 2021



Reliability of Two-Dimensional (2D) Hydrodynamic
Models for Assessing Susceptibility of Stream
Restorations to Flood Damage and Potential
Effects of Climate Change

Research Question: How can different restoration approaches or techniques
reduce the impacts of future climate change?

Presenter: Art Parola, Ph. D, P.E., Director, University of Louisville Stream
Institute

Collaborators and contributors: Ann Arundel County, Prince Georges County,
Maryland Department of Natural Resources, Maryland State Highway
Administration, RK&K, Greenvest, Underwood & Associates, Berrywood
Community



Are 2D Hydrodynamic Models a reliable tool
for stream restoration design?

Research Questions Addressed:

e Research Phase |: Evaluate a design approach for stability: use of 2D
models to develop engineering design of restoration sites

e Research Phase Il: current and future climate conditions are evaluated
through different simulated flows

Expected Findings

 Areas of restoration sites with expected low or high velocities/stresses will
be effectively predicted by 2D models. Moderate values / threshold
conditions will help refine use of the 2D model as a tool

* 2D models will be conditionally effective- better definition of areas where
models are reliable under current and future flooding scenarios




Reliability Analysis:

Detailed Site
Surveys

e 5 Sites in total

e 2D Hydrodynamic
modeling requires a
water-tight container
(no holes)

e Resolution must be
appropriate to
capture key features

Cat Branch

Aerial SFM

< (Ground Survey

MD LiDAR



Reliability Analysis:

Ground and Aerial
Imagery to Define
“Damaged” Areas

 Damaged and un-
damaged areas are used
as training data in the
model

* Damage does not mean
poor design

Cat Branch



Cattail Creek

Furnace Creek



Reliability Analysis:
2D Hydrodynamic
Modeling

e Determine predicted
velocities and stresses in
damaged/un-damaged
areas

e Evaluate 2D model
effectiveness in different
restoration types and
components



Reliability Analysis:
2D Hydrodynamic
Modeling

» Constrain / approximately
calibrate models based on
estimates of observed
flooding (Phase 1)

e Use direct sensing of floods,
partner observations and
surrounding gage data

e Use extreme flood estimates
for current and future
conditions analysis (Phase 2)

Furnace Creek



Phase |: 2D Model Reliability Analysis

SITE SELECTION

SITE INSTRUMENTATION
* PRESSURE SENSORS FOR WATER
DEPTHS
* TIMELAPSE CAMERAS FOR
WATER DEPTH AND ESTIMATED
VELOCITIES

DEVELOP MODEL CALIBRATION
DATA

DEVELOP STATISTICAL
DISTRIBUTIONS FOR
DAMAGED/UN-DAMAGED
COMPONENTS

SITE SURVEYS
* TERRAIN
* EVIDENCE OF DAMAGE
* VEGETATION TYPES

DEVELOP
TERRAIN
DEVELOP 2D MODELS FOR EACH SITE

CLASSIFY DAMAGED/UN-DAMAGED
COMPONENTS

COMPILE AVAILABLE DATA
e AS-BUILT & DESIGN TERRAIN
* GAUGING RECORDS




Phase II: Current and Future Conditions Analysis

2D MODELS FOR EACH SITE LIMIT TO SITES & COMPONENTS UPDATE MODEL THRESHOLDS
FROM PHASE | WHERE MODEL IS RELIABLE FOR DAMAGE TO COMPONENTS

EVALUATE DAMAGE PREDICTION TO EVALUATE DAMAGE PREDICTION TO
COMPONENTS FROM CURRENT COMPONENTS FROM FUTURE

ESTIMATE OF 100-YR FLOW ESTIMATES OF 100-YR FLOW
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How effective is ESD/GSI in achieving stormwater
management objectives in the Upper Little Patuxent
River Watershed, Howard County, MD?

Keith N. Eshleman
University of Maryland Center for Environmental Science
Appalachian Laboratory
Frostburg, MD

Pooled Monitoring Forum: Restoration research to make science and
regulatory connections (June 16, 2021)



Outline

Motivation

Research question/hypotheses

Experimental design: study watersheds and data collection
Progress-to-date

Preliminary results

Next steps



Grassed swale (GS)/bioswale (BS) results: 2017-20

Overland runoff (n = 84)

Total runoff (n = 84)

Peak runoff (n = 84)



Research question/hypotheses

* Research question: What is the spatially-aggregated effectiveness of ESD BMP’s

at the watershed scale in achieving four primary stormwater management goals?

= protection of receiving surface waters from nonpoint source pollution;

= attenuation of stormwater discharge peaks;

= diminishment of stormwater runoff volumes; and

= enhancement of the recharge/discharge behavior of shallow groundwater

 Hypotheses:

= A watershed developed using ESD will be characterized by

O

O O o o o o

lower stormflow runoff;

higher baseflow runoff;

lower peak discharges;

lower runoff coefficients;

longer centroid lag times;

more attenuated unit-graphs; and

lower EMC’s and EL’s of N and P pollutants

than a comparable “control” watershed with traditional stormwater management (all
else equal).



Experimental design: paired watershed study

County, MD

PLBR stormwater monitoring station, Howard

Plumtree Branch (PLBR; area = 2.15 km?)

* “Developed” watershed
* Conventional SWM

Unnamed Tributary to Little Patuxent River (UTLP; area = 0.80 km?)

* “Developing” watershed
* Green stormwater infrastructure (GSI)

Common equipment includes:

* Stilling well (w/intake) and instrument shelter housing Unidata digital
water level recorder
* InSitu AquaTroll 500 and “tube” for transmitting data to HydroVu website

UTLP stormwater
monitoring station, Howard
County, MD




Development in UTLP

e Stream channel and wetlands protection (“buffers”)
e Erosion and sediment control
* Green stormwater infrastructure (e.g., bioretentions, dry wells)



Progress-to-date

* Site Selection/Permits/Instrumentation
— PLBR station installed November 2019 on HOCO property (MOU)
— UTLP station installed March 2020 on HOCO property (David Force Park, MOU)
— Nov. 2019 — Mar. 2020: “pilot period” used to refine sampling methods and logistics

 Hydrology

— Continuous 5-min stream stage records: 100% complete

— Continuous 5-min discharge records based on rating curves derived from field discharge
measurements (wading velocity-area method): 100% complete

» 8/4/20 scour event caused a section control change @ PLBR (rating curve shift)

* 6/22/20 flash flood event required reconstruction of section control @ UTLP (rating curve shift)

— Continuous 15-min precipitation records from tipping bucket gages (from February 2020):
100% complete

e Water Quality

— Continuous 5-min in situ level, specific conductance, temperature, and turbidity data
(from AquaTroll 500’s): 88% complete for PLBR; 84% complete for UTLP (bioturbation,
sedimentation, battery failures, data transmission failures)

— 524 discrete samples analyzed for SC, TSS, major anions, TN, N species, TP, P species (38
baseflow “grabs”, 486 stormflow “ISCO’s”): 16 events @ PLBR; 12 events @ UTLP



Rating Curves
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Preliminary results: water balance

Annual Annual
precipitation (m), | precipitation (m),
2021 WY = May normal (1981 -

2020 - April 2021 2010)

BWI AIRPORT, MD (NWS) 1.415 0.983 2021 WY was ~44% wetter than normal
DAMASCUS, MD (NWS) 1.116 1.085 2021 WY was ~3% wetter than normal
PLUMTREE BRANCH (THIS PROJECT) 1.187 N/A

“DELTA” (NATIONAL PIKE AT 1.017 N/A

MARRIOTTSVILLE RD)

Annual Annual
Gaging runoff (m), | runoff (m),
Watershed station # 2021 WY = long-term
(USGS) May 2020 - normal
April 2021)

LITTLE PATUXENT RIVER AT GUILFORD, 01593500 38.0 0.59 0.47 Preliminary USGS data for 2021
MD

LITTLE PATUXENT RIVER AT SAVAGE, MD 01594000 98.4 0.53 0.46 Preliminary USGS data for 2021
CATTAIL CREEK NEAR GLENWOOD, MD 01591400 22.9 0.43 0.45 Preliminary USGS data for 2021
PATUXENT RIVER NEAR UNITY, MD 01591000 34.8 0.47 0.45 Preliminary USGS data for 2021
HAWLINGS RIVER NEAR SANDY SPRING, 01591700 27.0 0.42 0.44 Preliminary USGS data for 2021
MD

PLUMTREE BRANCH (PLBR) N/A 0.83 0.43 N/A Preliminary data (this project)

UNNAMED TRIBUTARY TO LITTLE N/A 0.31 0.27 N/A Preliminary data (this project)
PATUXENT RIVER (UTLP)




Storm summary (March 2020 - present)

1-hr 24-hr
rainfall rainfall

4/12-14/20 1.02 1.55 5.46 <1 <1 <1

06/20/20 4.62 4.85 4.90 5 3.5 <1
6/22-23/20 5.97 6.07 6.07 25 10 <1
7/30-31/20 2.31 2.36 3.12 <1 <1 <1
8/3-4/20 1.55 2.95 8.00 <1 <1 2
8/12-13/20 1.14 1.30 2.84 <1 <1 <1
N/A 8/14-15/20 2.36 2.49 2.82 <1 <1 <1
IEEN  9/29-30/20 1.65 1.65 2.39 <1 <1 <1
10/11-12/20 0.61 1.12 2.54 <1 <1 <1
10/29-30/20 1.19 2.21 5.66 <1 <1 <1
11/11-12/20 0.94 0.94 4.88 <1 <1 <1
11/30 - 12/1/20 1.73 231 4.57 <1 <1 <1
12/24-25/20 0.89 1.40 4.57 <1 <1 <1
1/1-2/21 0.84 1.50 3.28 <1 <1 <1
T 2/15-16/21 0.41 0.71 2.54 <1 <1 <1
N/A 3/24-25/21 1.63 2.87 4.78 <1 <1 <1
W 5/28-29/21 2.26 2.79 4.29 <1 <1 <1
| Min | 0.41 0.71 2.39
| Max | 5.97 6.07 8.00
| Median | 1.55 221 4.57

*Estimated from Bonnin et al. (NOAA Atlas 14, Point precipitation frequency estimates: Ellicott City, MD)



Hydrologic responses (March 2020 - present)
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P=8.0cm
R=1.8cm
P:R=0.23

Plumtree Branch (Event F: T.S. Isaias):
1-hr P=1.6 cm; 2-hr P=3.0cm; 24-hr P=8.0 cm



P=8.0cm
R=1.1cm
P:R=0.14

UTLP (Event F: T.S. Isaias):
1-hrP=1.6cm; 2-hr P=3.0cm; 24-hr P=8.0cm



Next Steps

Data collection to continue through end of calendar year 2022
* Greater attention to stream gaging (especially high flows @ UTLP)

First report to CBT (8/2021) focused on “during” phase of
residential development and GSI implementation

Expect to transition to “after” phase by end of calendar year
2021

Expanded data analysis including computation and statistical
comparisons of:

e Unit hydrographs

* Pollutant loads

* Event mean concentrations
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Evaluating impacts of freshwater
salinization syndrome on
mobilization of nutrients and
metals from stormwater best
management practices

Sujay Kaushal, Joseph Galella, Jenna Reimer, William Nguyen, Walter Boger,
Alexis Yaculak, and Kelsey Wood

University of Maryland, Department of Geology & Earth System Science
Interdisciplinary Center
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GFGL (Suburban, 19% ISC, Baltimore USA)



Mn	0	0.5	1	2.5	5	10	0	0	1.1999999999999997E-3	2.8000000000000004E-3	1.3999999999999985E-3	4.9999999999999992E-3	7.2699999999999987E-3	1.4000000000000002E-3	2.2699999999999998E-2	7.9000000000000008E-3	2.47E-2	2.7300000000000001E-2	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Zn	0	0.5	1	2.5	5	10	0	0	-1.4000000000000019E-3	-4.5999999999999999E-3	6.9999999999999923E-4	1.67E-2	2.0999999999999977E-3	8.0000000000000002E-3	6.0999999999999978E-3	1.7500000000000002E-2	3.0300000000000001E-2	3.8100000000000002E-2	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Sr	0	0.5	1	2.5	5	10	0	0	9.000000000000008E-3	1.7000000000000015E-2	5.0000000000000044E-3	3.0999999999999972E-2	4.0999999999999981E-2	4.0999999999999981E-2	7.2000000000000008E-2	8.2999999999999963E-2	0.16399999999999998	0.15099999999999997	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Cu	0	0.5	1	2.5	5	10	0	0	3.1399999999999997E-2	2.3599999999999996E-2	4.82E-2	4.02E-2	9.06E-2	8.2699999999999996E-2	0.19330000000000003	0.1754	0.39130000000000004	0.3614	0	0.5	1	2.5	5	10	





GRGF (Urban, 61% ISC, Baltimore USA)



Mn	0	0.5	1	2.5	5	10	0	0	5.0421008777789891E-3	-6.2611370800808412E-3	-4.5566803462272765E-4	5.1265716048327914E-4	-4.8968431391749334E-4	-1.2078070087946369E-3	3.7419805945292775E-2	3.8343353758575768E-2	2.2249774048728806E-2	8.1401102473990933E-2	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Zn	0	0.5	1	2.5	5	10	0	0	1.3159300721621935E-2	-5.3129526172189384E-3	1.1906899512512739E-2	-1.7559526629234934E-2	1.0839251436447081E-2	5.5863788816113424E-3	2.1548862954648744E-2	3.114356827141098E-2	7.1372710475222742E-2	0.11422749574492852	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Sr	0	0.5	1	2.5	5	10	0	0	5.9916291253430676E-3	7.5138545616960373E-3	1.1857330035775548E-2	-1.1939344254060763E-2	4.2601419257365686E-2	2.1083398519821189E-2	0.13130421472068071	0.100156708554131	0.12748057120613959	0.11707026323475278	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Cu	0	0.5	1	2.5	5	10	0	0	1.8764733144793586E-2	1.058289865068001E-2	1.8603775678867451E-2	2.0156400959849177E-2	6.5572985108075119E-2	5.3988470959185755E-2	0.14732549715771182	0.1067760125087702	0.26767550939462159	0.21511596811150521	0	0.5	1	2.5	5	10	





SLIGO (Urban, 41% ISC, Washington DC USA)
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PB (Urban, 32% ISC, Washington DC USA)



Mn	0	0.5	1	2.5	5	10	0	0	-1.9999999999999879E-4	3.0000000000000165E-4	1.1999999999999997E-3	-4.9999999999999351E-4	-2.5000000000000022E-3	-1.2999999999999956E-3	3.4700000000000002E-2	6.6599999999999993E-2	0.1089	0.10580000000000001	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Zn	0	0.5	1	2.5	5	10	0	0	-1.9400000000000001E-2	-1.7400000000000013E-2	9.5999999999999974E-3	2.4499999999999994E-2	-9.7000000000000003E-3	-2.3100000000000009E-2	5.6900000000000006E-2	1.9299999999999998E-2	0.11890000000000001	1.21E-2	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Sr	0	0.5	1	2.5	5	10	0	0	2.2999999999999993E-2	1.100000000000001E-2	2.2999999999999993E-2	2.0999999999999991E-2	5.099999999999999E-2	5.099999999999999E-2	9.2999999999999999E-2	8.7999999999999995E-2	0.18419999999999997	0.1744	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Cu	0	0.5	1	2.5	5	10	0	0	5.7799999999999997E-2	3.8599999999999995E-2	8.8700000000000001E-2	5.7099999999999998E-2	0.1537	0.11659999999999998	0.32069999999999999	0.2676	0.62670000000000003	0.55159999999999998	0	0.5	1	2.5	5	10	





DRKR (Urban, 31% ISC, Baltimore USA)
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GFVN (Suburban, 17% ISC, Baltimore USA)
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GFGB (Suburban, 15% ISC, Baltimore USA)



Mn	0	0.5	1	2.5	5	10	0	0	-2.9999999999999472E-4	-3.9999999999999758E-4	1.0000000000000286E-4	-8.000000000000021E-4	4.0000000000000452E-4	3.0000000000000165E-4	3.6600000000000001E-2	3.5499999999999997E-2	0.10819999999999999	0.1069	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Zn	0	0.5	1	2.5	5	10	0	0	1.9299999999999998E-2	-1.1799999999999998E-2	1.4899999999999997E-2	-1.6899999999999998E-2	1.67E-2	4.0000000000000036E-3	3.1E-2	2.4800000000000003E-2	7.9200000000000007E-2	0.1176	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Sr	0	0.5	1	2.5	5	10	0	0	4.0000000000000036E-3	9.000000000000008E-3	7.0000000000000062E-3	1.0000000000000009E-3	5.1999999999999991E-2	2.7999999999999997E-2	0.13399999999999998	7.9999999999999988E-2	0.14519999999999997	0.14759999999999998	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Cu	0	0.5	1	2.5	5	10	0	0	1.2999999999999998E-2	1.26E-2	2.1100000000000001E-2	1.9599999999999999E-2	5.8300000000000005E-2	5.4200000000000005E-2	0.14810000000000001	0.1094	0.29449999999999998	0.26300000000000001	0	0.5	1	2.5	5	10	





MCDN (Agricultural, 0% ISC, Baltimore USA)
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NERP (Urban, 29% ISC, Washington DC USA)



Mn	0	0.5	1	2.5	5	10	0	0	1.2400000000000001E-2	8.6999999999999994E-3	4.2799999999999998E-2	-1.0100000000000001E-2	1.3400000000000002E-2	1.6799999999999999E-2	2.3100000000000002E-2	2.1899999999999999E-2	0.10979999999999999	9.5399999999999999E-2	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Zn	0	0.5	1	2.5	5	10	0	0	-4.2999999999999997E-2	-1.3100000000000001E-2	-4.2099999999999999E-2	9.3000000000000027E-3	2.9200000000000004E-2	1.89E-2	0.05	4.4300000000000006E-2	9.3800000000000008E-2	9.169999999999999E-2	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Sr	0	0.5	1	2.5	5	10	0	0	3.2000000000000001E-2	4.6000000000000013E-2	0.06	5.7000000000000023E-2	8.3000000000000018E-2	6.5000000000000002E-2	0.1444	0.13589999999999999	0.18100000000000002	0.17100000000000001	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Cu	0	0.5	1	2.5	5	10	0	0	0.10589999999999999	0.10449999999999998	0.1769	0.15049999999999999	0.4829	0.29350000000000004	0.82889999999999986	0.73050000000000004	1.5249000000000001	1.7954999999999999	0	0.5	1	2.5	5	10	





CC (Urban, 27% ISC, Washington DC USA)



Mn	0	0.5	1	2.5	5	10	0	0	-1.5E-3	-1.0999999999999998E-3	-6.9999999999999988E-4	-7.9999999999999971E-4	7.9000000000000008E-3	-6.9999999999999988E-4	7.7000000000000002E-3	5.8000000000000013E-3	3.2500000000000001E-2	2.3200000000000002E-2	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Zn	0	0.5	1	2.5	5	10	0	0	-2.7999999999999987E-3	5.4999999999999997E-3	-3.3999999999999985E-3	2.76E-2	5.400000000000002E-3	5.3999999999999999E-2	1.9800000000000002E-2	2.5000000000000001E-2	3.2000000000000001E-2	3.8200000000000005E-2	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Sr	0	0.5	1	2.5	5	10	0	0	-5.0000000000000044E-3	7.0000000000000062E-3	0	1.3000000000000012E-2	1.999999999999999E-2	1.8000000000000016E-2	3.1799999999999995E-2	3.8599999999999995E-2	5.2999999999999992E-2	7.0800000000000002E-2	0	0.5	1	2.5	5	10	0	0.5	1	2.5	5	10	Cu	0	0.5	1	2.5	5	10	0	0	-2.7699999999999999E-2	2.6299999999999997E-2	1.4700000000000005E-2	5.0599999999999999E-2	5.3300000000000007E-2	8.2900000000000001E-2	0.14850000000000002	0.18489999999999998	0.3493	0.40289999999999998	0	0.5	1	2.5	5	10	
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Key Questions

 What are critical thresholds in concentrations of different road salt
ions (Na*, Ca?*, Mg?*) which can mobilize nutrients and metals to
surface waters across varying stormwater BMPs?

* What are the concentrations and loads of different road salt ions and
associated metals and nutrients in nearby stream outfalls before,
during, and after deicing events



Experimental Design & Examples of Study Sites

Bioretention #1 Bioswale #1

Bioretention #2 Bioswale #2

In addition, stream restoration/floodplain reconnection sites

Courtesy Joseph Galella



Experimental Methods

Courtesy William Nguyen



Add salts (NaCl, CaCl,, & MgCl,) at varying
concentrations and incubate on shaking
table for 24 hours

Collect sediment and water from
stormwater management feature

Analyze for major and trace
elements, organic / inorganic carbon
and nitrogen

Courtesy Joseph Galella



Hold the Salt: How Much Can Be Retained in Sediments?

Retention and Release of
Salts and Metals in Different
Stormwater Management
Features

Photo courtesy of
Kelsey Wood (2019)



High Capacity for Sodium Retention in Restored

Stream Floodplain Sediments
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What are thresholds
for nitrogen
mobilization?

How much nitrogen is

mobilized?

What are the effects of

different road salt
ions?

Bioswale 1 TN CaCl,

mg/L
O FRL N WA UIO

Bioswale 1 NPOC CaCl,

12
10

mg/L
oN b O

10

mg/L
o N IS (o)) (o0}

Increased salt concentrations mobilize nitrogen and organic carbon

Different salt ions can change magnitude of mobilization

Bioswale 2 TN NacCl

Bioswale 2 NPOC NacCl



Photos Courtesy: Kelsey Wood



There can be
some recovery
in water quality
depending on
amount of

road salt use



Conductivity vs Time (2/18/21 - 2/25/21)
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Developing New Monitoring Approaches: Specific Conductance as a Proxy for lons

Campus Creek
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and also see Galella et al. (2021)



Summary

* Significant retention of salt ions in stormwater sediments
* Release of elements depends on type of deicer ion and site
* Large winter peaks — which ions are retained vs. released?

* Developing new practical monitoring approaches using proxies



Management Implications

* Stormwater sediments/soils can have very high potential to
enhance ion retention and ion exchange

* Reducing winter NaCl inputs can lead to rapid and year long
recovery in some ions

* Water quality monitoring approaches using inexpensive
proxies such as specific conductance can help predict
concentrations of multiple ions and metals
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Research Objectives

Research Objectives in simplistic terms

1. Do Iron concentrations change in streams over time?

2. Does Iron impact the stream community?

I 3 >4

3. Do either of the above questions appear to be related to Regenerative Stormwater Conveyance
(RSC)?



Stream Characterization

= Step-pool or Regenerative Stormwater Conveyance (RSC)

Materials can include a mix of granite or iron

/ boulder to create the step-pools

- Within pools is a mixture of woodchips/sand
and microbial community that typically leads to

‘reducing’ conditions - potential for dissolved
iron (Fe?")

Water leaving pools and mixing with oxygen

may create ‘oxidizing’ conditions — potential for
/ particulate iron (Fe3*)




Stream Characterization

= No Restoration

Low iron stream system High iron stream system



Iron in Freshwater Steam Systems

Acid Mine Drainage | g g |

COMPLEX SYSTEM & CHEMISTRY

Dissolved

—

Toxicity

Biotic and
abiotic
conditions
influence
Iron State

Megan Gaesser, TU

Physical Impacts



Multiple lines of evidence approach to address project objectives

1. Laboratory Experiment - Mesocosms 2. Field Experiment and Monitoring

Objective: Determine effects of dissolved iron Objective: Determine potential temporal
and iron flocculate to a representative benthic fluctuations in iron chemistry and in-situ effects
community of iron to macroinvertebrates




Mesocosm Experiment

= Brief Methods

Setup
15 - gallon HDPE plastic tubs
» 30.25L - dechlorinated tap water
» 5.5L - triple washed playground sand
» 1L - cobble/sediment substrate (field collected)
 3large rocks
» 20 aged leaves (mixed deciduous)
1- 12" air stone

ARO ~ 6 months 10
15y 20
10cays 20
o : s
ok : 0
ok : :

M



Mesocosm Experiment

= Brief Methods

Treatments Total No. Iron Termination Davs Number of tanks per
of Tanks /L y termination day
9 [ ]

Acidic 5.5-7
Basic 7.5-9

-42

Acidic + Iron 9 5.5-7 0.6 3
Basic + Iron 9 7.5-9 0.6

* 60




Mesocosm Experiment

= Results - Survival
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Reduced Survival in tanks with Fe_Basic treatment: Iron precipitate




Mesocosm Experiment

= Biodiversity Metrics: Time

Shannon Diversity

21

Alpha Diversity

42

Days

60

21&42-d

Beta Diversity

60-d

There was a significant effect of time on diversity indices: Tanks taken down on Day 60 had
little survival compared to tanks removed at days 21 and 42




Mesocosm Experiment

11

Take home message

= Reduced survival in amphipods was noted at 0.6 mg/L Iron under
basic conditions.

¢ EPA Ecological Screening Criteria for chronic exposure to Iron in
surface water is 1Img/L (US EPA 2015%*).

" Future laboratory efforts using macro-invertebrate communities
should be terminated prior to 60-days.

*US EPA. 2015 Region 4 Ecological Risk Assessment Supplemental Guidance Interim Draft

M



Field Investigations

= Methods: Iron and water chemistry field sampling every 8 weeks

* [ron measured in the field with Hach strips and
in the laboratory on Flame Atomic Absorption
Spectrometry (FAAS)

« Standard water quality measurements also
collected with a YSI

* Collecting water for chloride analysis (new)



Field Investigations — Temporal

= Total iron as measured by FAAS

+ High Iron sites tend to be
high through time

+ Confirmation of previous
samples ongoing (change
in personnel)

¢ To strengthen dataset, an
additional year of sampling
and analysis is ongoing

10

Total Iron (mg/L)

25-Sep-2020 30-Oct-2020 4-Dec-2020 8-Jan-2021 12-Feb-2021 19-Mar-2021

Sample Date

WILE
DIVCu
GING
DIVC
4 BRCR
@ CWHD
I crr
A BRDHW
¥ KOA
4 MAGO
3 DNR




Field Investigations — Fish Diversity

= Fish diversity: Spring 2020

Still an unclear picture

Shannon Diversity- Iron Regression

No
Restoration

Increasing Iron Concentrations




Field Investigation — Local Diversity

Fish Macroinvertebrates

Increasing Iron Concentrations Increasing Iron Concentrations

» EA




Field Experiment

" |n situ Pilot Study

¢ Overall Objective — determine the effects of iron to stream
macroinvertebrates under in-field conditions

¢ Pilot Objective — determine most appropriate cage design and duration

Survivorship following 6-days in the 4” PVC pipe = 80%
Survivorship following 12-days in the 3" PVC pipe = 77%

Successful Design

8-12 macroinvertebrates

placed in each enclosure

Noticeable accumulation of algae,
detritus and sediment accumulated on
the enclosures at day 12




Preliminary Conclusions

- Iron concentrations in streams appear to show
minimal temporal variation

- Iron flocculate appears to impact
macroinvertebrates more than dissolved iron

- Iron may impact stream communities

- Definitive caged field experiments are ongoing

. EA
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Jamie Suski, EA Engineering

Translation Slides by David Hirschman,
Hirschman Water & Environment, LLC



What does this mean for me?

v" Iron is one factor in a complex system where there are
many other stressors (urban streams).

v Even without restoration, there are a range of iron
conditions; interventions such as RSC can influence
the amount of iron floc.

v' What role does iron play if the practitioner aims to
take a system from, say, fair to good condition, and is
that even a realistic possibility in many cases?

v' How can we assess impacts to the restoration reach
(e.g., from iron) vs. downstream benefits?



What does this mean for me?

What do | take from this if | am a practitioner:

v Condition assessment as part of design, e.g., iron
levels in soil, groundwater.

v Reconnecting to floodplain is great objective, but may
have other consequences; good communication
needed through the process with regulators,
community.

What do | take from this if | am a regulator:
v’ Consider reach vs. downstream impacts, benefits.

v Reducing sediment transport and energy downstream
may be the more important thing to consider.




YOU are aone!

Thank you for your hard work to do the research,
communicate it clearly to the audience, and translate this

into something the audience can do with the information
in their work tasks.




Effectiveness of stormwater
management practices in
protecting stream channel

stability

Mohammad Alsmadi, Adjunct Faculty — Virginia Tech (presenter)
David Sample, Associate Professor — Virginia Tech
Tess Wynn Thompson, Associate Professor - Virginia Tech
Andrew Miller, Professor - UMBC



Hypotheses

1. Channel instability in Minebank Run is caused by high shear stresses generated during even
relatively frequent storm events.

2. Retrofitting the Minebank Run watershed with additional watershed stormwater controls will
reduce channel incision and bank failure (will compare environmental site design (ESD) only,
traditional downstream controls only, and combination of both).

3. Had Minebank Run been developed with ESD channel incision and degradation would have 1)
been prevented, or 2) been reduced.

4. Current channel degradation in tributaries to Little Seneca Creek are the result of recent large
magnitude storm events, which are typically not well controlled by ESD.

5. Had the Clarksburg watershed been developed using traditional stormwater control measures
(SCMs), more extensive channel degradation would have occurred.

6. A combination of ESD controlling small storms and SCMs controlling larger events is necessary to
protect stream channels against erosion.



Research Questions

* Results of this study will help in:

 evaluating the effectiveness of environmental site design (ESD) in
protecting channel stability.

* providing insight into the causes of and potential solutions to channel
degradation in:
* a watershed with limited traditional stormwater management and;
* a watershed where ESD was implemented during development.

* Explore through modeling the expected difference in development impact on
stream channel integrity if measures were done differently

\//



Performance of environmental site design (ESD)

* |s desighing and implementing best management practices according
to state stream channel protection regulations protective enough of
the stream channels on a watershed level?



How these questions were answered...

*

Channels
Parameterize Two watersheds Flows modeled in modeled in HEC-
SWMM RAS 6.0

Natural and man-made features represented within the two watershed
models including low impact development measures as well as traditional
stormwater management measures.



VIRGINIA
TECH



How these questions are answered - watersheds

* Two Maryland watersheds were used

1. Minebank Run watershed (1,425 acre) in Baltimore Co.
* Bulk of development took place in the 1950s and 1960s
* Minimum environmental site design implementation

* Land cover imagery were analyzed since the 1930s to explore development
timeline

* Models were built since the 1940s when watershed experienced little
development



How these questions are answered - watersheds

* Two Maryland watersheds were used

2. Tributary 109 to Little Seneca Creek (212 acre) in Montgomery Co.
* Watershed development started in 2005

* Extensive environmental site design measures were implemented during
development

* Land cover imagery were analyzed since the 2005 to explore development
timeline

* Models were built since the 2005 when watershed development started

\//



Watershed changes through time — Minebank
Run

VIRGINIA
TECH.




Watershed
changes
through time —

Trib109



How these questions are answered - Modeling

e Watershed characteristics as well as man-made stormwater
infrastructure were entered into models

* Models were calibrated based on observed field data
 Calibrated models were used to explore multiple scenarios

* Modeling approach was performed in two tiers:

* Watershed level (SWMM) simulating area characteristics and man-made
facilities
e Stream channel model utilizing output from SWMM into HEC-RAS 6.0

\/7a



http://www.landandwater.com/features/vol47no2/vol47no2.

How these
guestions are
answered —

SWMM
model




How these questions are answered — SWMM model



—As is (max. flow 1,804 cfs)

—Retrofit with ESD only (max. flow 1,095 cfs)

500
' ' Retrofit with ESD + ponds (max. flow 1,205 cfs
Preliminary ponds| ’
— —Retrofit with ponds only (max. flow 1,131 cfs
Results — @ ponds only { ’
. o —Had watershed been developed with ESD (max. flow 909 cfs)
Minebank & =0
3
Run ke
5
VIRGINIA
TECH
0.5
0% 2% 4% 6% 8% 10%

Percent Exceedance



—As is (max. flow 478 cfs)

—No ponds (max. flow 741 cfs)

500
—No ponds or SF(max. flow 746 cfs)
Drelimina ry _ —No ponds, SF, or IT (max. flow 746.1 cfs)
%es U |tS _ % 50 —No ponds, SF, IT or UGS (max. flow 752 cfs)
. < —No ponds, SF, IT, UGS or BR (max. flow 768 cfs)
o ’ )} )}
rin109 >
=
5
VIRGINIA —
TECH 05
0% 2% 4% 6% 8% 10%

Percent Exceedance



What’s next?

* Finalizing the representation of ESD within the Minebank Run model

* For each one of the 6 hypotheses, the 5-minute flow timeseries for
the entire period of simulation will be run in HEC-RAS 6.0.

* We are currently finalizing the HEC-RAS 2D model to incorporate the
above mentioned flows along with channel geometry, channel bed
and bank soil characteristics and other parameters to explore the
impact of each scenario on channel degradation.
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What does this mean for me?

* ESD works for high frequency storms to reduce channel erosion forces

* ESD role in attenuating impacts from larger storm events on
watershed level is being explored

* Our SWM practices need to continue to improve, perhaps targeting
“no net increase in runoff” relative to the pre-development condition



Ultimate Outcomes (coming soon/!)

What do | take from this if | am a practitioner:

 Utilizing a watershed-based approach allows for the quantification of net
impact of upland practices on stream channel stability

* Practitioners may utilize modeling tools to quantify the anticipated impact
of upland practices vs. traditional SWM practices or a mix of both on
stream channel stability

What do | take from this if | am a regulator:

* Are current regulations protective enough of channel stability
* Effective retrofits may require ESD and quantity control basins
* We need to continuously improve our SWM practices




Appendix
Minebank sensitivity (1-yr 24-hr storm)

as is 561.5 4,019,000
IMP reduced by 50% 300.9 2,626,000
depression storage doubled 531.5 3,431,000
depression storage X5 5154 2,854,000
conductivity doubled 549.1 3,523,000
conductivity X5 528.2 3,273,000
route all impervious to pervious 204.2 2,667,000
route 50% of impervious to pervious 342.2 3,284,000

Ponds only scenario 337 3,969,000



Long-term impacts of living shorelines to SAV habitats in
Chesapeake Bay

Cindy Palinkas, Lorie Staver

University of Maryland Center for Environmental Science
Horn Point Laboratory
Cambridge, MD

Restoration Research Questions:

How does impacting SAV compare to the benefit of creating intertidal

wetland?

Under what conditions...is an SAV impact tolerable? How can indirect

impacts...on SAV loss be better predicted?

cpalinkas@umces.edu




Addressing shoreline erosion with living shorelines

1. Chesapeake Bay focus but ubiquitous problem; in the Bay,
» 33% of the shoreline is eroding; 70% of the Maryland portion
« 85% of the shoreline is privately owned

2. Past efforts focused on “hard” approaches like breakwaters and rip rap
« ~25% of the Bay’s shoreline already hardened, more than 50% in
some areas, with generally negative ecosystem impacts

3. Recent push (including Maryland laws in 2008) for living shorelines as an
alternative. These have habitat benefits (e.g. fish, wildfowl) — but,
how do they impact adjacent ecosystems, especially SAV? And,
what are the trade-offs in ecosystem services?

1 2 3

cpalinkas@umces.edu



Research Questions

Performance:
Q1: Are living shorelines effective in reducing shoreline erosion?

Impacts:
Q2: Do living shorelines alter SAV habitat and/or distributions?

Co-benefits:
Q3: What are potential trade-offs in ecosystem services (sediment and
nutrient accretion)?

cpalinkas@umces.edu




\

8 sites with paired reference sites (unaltered
shorelines, typically within ~0.5 km, similar
physical setting) in the mesohaline portion of
Chesapeake:

 |nstalled 2004-2008

« Weighted-bed density of SAV from 1978-
2005 (GIS analysis of VIMS aerial data)

» 4 sites with persistent, dense SAV before
installation (green)

» 4 sites without SAV before installation

Study Sites

u

(yellow)

Paired references not shown




Performance: erosion rates before and after installation

References Living Shorelines

1.0 1.0 0.520.30
> -0.0920.34 2.
S 05 Current -
& 0.5 -0.02+0.17 ) 0.540.1620.32
g 02£0.17 (2003-2017) S£092 7 rent
o  |(1942:1994 | (1942-1994)
o 0- 04 ——=
= 1=
- . — N

Net accretion occurs at living shorelines due to installation, while erosion
continues at or above historical rates at reference sites

Negative change = erosion (shoreline moves landward); Positive change
= accretion (shoreline moves seaward)

Trend of increasing erosion at reference shorelines but not statistically
significant (p>0.10)

Significant accretion at living shorelines from installation building shoreline
seaward (~instantaneous change rather than rate)




Impacts: Do living shorelines alter SAV habitat?

No significant differences

* Pre- versus post-
installation

« Living versus reference
shorelines

cpalinkas@




Changes can be significant at individual sites

Site Mud at site | Mud at Rate at site | Rate at
reference reference

T-tests between pre- and post-installation
Gray = not significant (p<0.10)

Red = increase

Blue = decrease

*=not enough data in “after”

**=core not collected

cpalinkas@umces.edu



Changes can be significant at individual sites

Site Mud at site | Mud at Rate at site | Rate at
reference reference

\Y[€

MM

No SAV at either the sites or their references since 1989

cpalinkas@umces.edu



Some significant changes at individual sites

Rate at site | Rate at
reference

Site Mud at site | Mud at
reference

Sites: both have increasing sedimentation rates, decreasing mud (more sand)
References: both have no change in sedimentation rates, different trends for mud

Conveniently — all are in the same SAV monitoring quad

cpalinkas@umces.edu



SAV area within the quad — lots of variability!

8
.. RU o @ Quad, area (hectares)

y, @ Site, density (0-4)
61 O Reference, density (0-4)
5- o
4 o© oQ

o
3 o® ! 4 o
20 o ®
1 00 2 o
l \ \

0 o . o Qe00q ¢
1985 1990 1995 2000 2005 2010 2015 2020

cpalinkas@umces.edu



SAV area at the site follows the quad

8
.. RU ® @ Quad, area (hectares)
y @ Site, density (0-4)
6 O Reference, density (0-4)
51 ) '
e© I
4 o)
! A
3- I 0o \.o
2- I
o) I ©

: L

1985 1990 1995 2000 2005 2010 2015 2020

Install 2008 (red line)

Site: increasing sedimentation rate; decreasing mud (more sand)
Reference: no change in sedimentation rate; decreasing mud (more sand)

cpalinkas@umces.edu



SAV area at the reference site follows general trend

Install 2008 (red line)

Site: increasing sedimentation rate; decreasing mud (more sand)
Reference: no change in sedimentation rate; decreasing mud (more sand)
No difference between SAV at site and reference site; both follow quad

cpalinkas@umces.edu



At a nearby site (same quad), SAV disappears many
years before installation

y HG ° @ Quad, area (hectares)
y @ Site, density (0-4)
6 O Reference, density (0-4)
5 ? :
N 00 @

0+
1985 1990 1995 2000 2005 2010 2015 2020

Install 2007 (red line)

Site: increasing sedimentation rate; decreasing mud (more sand)
Reference: no change in sedimentation rate; increasing mud (less sand)

cpalinkas@umces.edu



SAV disappears at a different site, same quad

8
y HG ® @ Quad, area (hectares)
y, @ Site, density (0-4)
6 O Reference, density (0-4)

1985 1990 1995 2000 2005 2010 2015 2020

Living shoreline installation does not appear to influence SAV distributions,
which generally follow regional trends except for some sites where local
processes affect both living and reference shorelines

Reference: no change in sedimentation rate; increasing mud (less sand)
SAV at site and reference follow the same trend, disappearing many
years before installation and not returning, not influenced by
divergence in mud trends.

cpalinkas@umces.edu




Co-benefits: what controls burial rates in marsh and
subtidal? Plants!

Subtidal (LS) 0.5 Marsh »”
. : ’
20 Accretion Rate, g/cm?/y -
. N ./ -
5 e ~ 0.6 -
| £ ® o “R2-078
2.0 = -
D04 ‘o p=0.008
151 0.58+0.82 & %o
1.07 0.11£0.47 | & 02
0.5 '
0

0 200 400 600 800 1000

SAV present SAV absent Stem density (m?)

Subtidal (LS) = shallow water adjacent to living shorelines; rates tend to be
higher at sites with SAV
Marsh accretion rates increase with stem density

cpalinkas@umces.edu



Co-benefits: how do sediment and nutrient burial

rates compare

Living shoreline marsh 0.67 3.0 (0.45) 4.1(0.62) 31.7 (4.8)
Living shoreline subtidal 0.42 0.19 (0.045) 1.8 (0.43) 1.58 (0.38)
Reference subtidal 0.15 0.18 (0.12) 0.55 (0.37) 1.5 (1.0)
Living shoreline marsh 0.45 3.6 (0.81) 3.6 (0.80) 41.8 (9.3)
Living shoreline subtidal 0.11 0.10 (0.09) 0.57 (0.52) 0.90 (0.82)
Reference subtidal 0.53 0.92 (0.18) 4.7 (0.90) 9.4 (1.8)

Living shorelines increase sediment and nutrient storage in the coastal zone

due to the addition of marsh habitat that traps sediment

cpalinkas@umces.edu




Summary

Performance: shoreline erosion rates
« Net accretion at living shorelines due to construction

« Continuing erosion at or above historical rates at reference shorelines

Impacts of living shorelines to SAV?
« SAV distributions at all shorelines appear to follow trends in larger area,
with no obvious qualitative impact of living shoreline installation

Co-benefits: sediment/nutrient burial rates
« SAV and marsh plants effectively trap sediments and associated
nutrients

* Net sediment and nutrient storage across the coastal zone is much
higher for sites with living shorelines, due to the addition of marsh
habitat; SAV presence may also enhance storage to a lesser extent

cpalinkas@umces.edu
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Are living shorelines effective, and
what does this mean for me?

Living shorelines accrete sediment, and therefore protect
against erosion compared to shorelines without
protection.

(We know from other studies LS are better habitat than
armor, so if a landowner can’t tolerate erosion, let’s go
with LS)

(SAV beds also trap nutrients and accrete sediments, but
not as much)

You get the most nutrient trapping when both LS and SAV
are present, so if your goal is nutrient removal, having
both habitat types present is good



What about
what does

SAV is really varia
at which a living s
likely disappeared

the trade-off(s), and
this mean for me?
ole - might disappear at a site

noreline was built, but if so, it
in the region as a whole also

Living shoreline installation didn’t change

conditions where
doesn’t drive SAV

If SAV disappears

SAV grows, so probably
changes

after living shoreline

installation; it wasn’t necessarily tied to the

living shoreline



What does this mean for me?

What do | take from this if | am a practitioner:

* Both living shorelines and SAV are good from a nutrient and sediment removal
perspective (and we know habitat). Considering designing to encourage SAV below
the site

e Natural shoreline has nutrient reducing value too; don’t use shoreline protection
unless you have to

What do | take from this if | am a regulator:

* Diversity of vegetative habitats is good for critters — we knew that already. It also
appears good for nutrient and sediment removal

* |'d be careful to not attribute SAV loss to living shorelines — it’s possible any loss is
due to larger patterns in the region

* Because both living shorelines and SAV have similar nutrient/sediment reducing
value, I'd be balanced: In areas with lots of wetland but little SAV, perhaps don’t
encourage covering up the last SAV sprig with a living shoreline. In areas with lots
of SAV but no wetland, consider allowing living shorelines



Pooled Stormwater Monitoring

Karen Dinicola, Senior Policy Lead



Is stormwater
management
working?

Where, and why or why not?



Our pooled regional monitoring program

Receiving
Waters

Stormwater Action Monitoring



We are not monitoring
everything, everywhere

Stakeholders determine the priorities



We have a solid
monitoring design

* Rotating, probabilistic sampling sites
* Prioritized parameters

* Status assessments

* Trends assessments



Regional trend
assessment

* Look at regional patterns
by parameter

 Compare from year to year

* Permittees can evaluate
their local conditions in a
regional context

Example



14 studies completed since 2014

[ In progress, more in the pipeline
Wide range of topics
* LID, amendments, and retrofits
* O&M, E&O, IDDE
Why does this study matter?
What will we do with the findings?






What are we learning about 6PPD-quinone?

Multiple lines of inquiry

= Working with industry on 6PPD alternatives

= Developing accredited field and laboratory
methods

v Identifying more stormwater best practices
that remove the toxicity

v Working with stakeholders on priorities and
funding to invest smartly

v Doing more research on fundamental
questions: fate and transport, sub-lethal
effects on multiple species




We’ve made it simple
for the permittees

“It's so easy to just write a check!”

10



How does it work?

Permit monitoring condition

e Contribute to pooled funding accounts -
amount calculated based on population

or

e Conduct outfall monitoring for
representative land use conditions
according to a detailed boilerplate QAPP



Who participates?

All Western Washington Phase | and
Phase Il Permittees have “opted in” to
SAM to meet their permit monitoring
requirements

4 Phase | and 5 Phase Il counties
« 2 Phase | and 82 Phase Il cities
e 2 major ports

Washington State Dept. of
Transportation

US Navy sites



Recap:

* Know your questions

* Invest in solid design to get useful
answers

* Make it simple for the permittees

13



Questions?

Karen.Dinicola@ecy.wa.gov
(360) 407-6550
ecology.wa.gov/SAM
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TREE TRADE-OFFS IN STREAM
RESTORATION PROJECTS: IMPACT ON
RIPARIAN GROUNDWATER QUALITY

Presenters: Sujay S. Kaushal! and Kelsey L. Wood!

Research Team Includes: Philippe G. Vidon?
Joseph G. Galella?t

lUniversity of Maryland
State University of New York ESF



Outline

. Overview/ Key Questions
. Methods/ Study Sites

. Results/ Discussion
. Management Implications



Outline

. Overview/ Key Questions
. Methods/ Study Sites

. Results/ Discussion
. Management Implications



Motivation

Trees in riparian zones provide
key water quality functions

Trees can be removed from
riparian zones during stream
restoration

There is a lack in our
understanding of the effects of
tree removal on water quality






Research Questions

 What is the impact of riparian tree removal during
stream restoration and subsequent recovery (if
any) on groundwater quality across restored,
degraded, and forested reference sites in
Maryland?

* Which type of broadly available data are best
suited to predict both the nominal and cumulative
impacts of riparian zones with various history of
tree dynamics / disturbance on water quality at the
watershed scale?



Experimental Design

. Chronosequence of restoration up to 20 years

. Variety of stream restoration types

Paired riparian zones with undisturbed trees
and with trees removed in same watershed

Measure concentrations of common plant
nutrients and contaminants in ground water



Restoration Chronosequence

Campus Creek

Paint Branch

Scott’s Level
(Uncut/ 5-year Cut)

Stony Run
(10-year Cut)

Minebank Run
(20-year Cut)

(uncut) (5-year Cut)
Year restored 2019 2014 2014 2009 1999
Areaof Tree
Canopy Removed TBD 13.958 9.703 6.089
(km?)
Piedmont (schist and

Geologic Province

Coastal plain (quaternary
sediments)

Coastal plain (quaternary
sediments)

Piedmont (quartz feldspar
schist and granulite)

Piedmont (gabbro and
norite)

gneiss)

NAh

CF- Codorus and Hatboro

50A- Hatboro-Codorus

USDA Sail Z5—2ekiah and Issue hbA- Hatboro silt loams complex, frequentl
Classification soils, frequently flooded | soils, frequently flooded P flc;o deg Y loam
Silt loam,

MmA- Melvin silt

Loam, silt loam, mucky

Silt loam, silty clay loam,

Gravelly silt loam, very

Silt loam, silty clay

Soil Texture  [silt loam, fine sandy loam, Silt loam, loam
sandy loam . loam
sandy loam gravelly silt loam
Riparian Zone 0.05 0.12 0.07 0.09 0.1
Slope
Riparian Zone
Width (m) 32-35 40+ 5-25 10-18 20-25
Channel Width (m) 2-3 10-12 2-4 2-4 1-2
PFO1A PFO1A PEMSAX- Freshwater PFOL/EM5A-
NWI Wetland emergent wetland A
e Freshwater forested/ shrub| Freshwater forested/ shrub R3UBH- Riverine Freshwater forested/
Classification PFO1AXx-Freshwater forested,
wetland wetland shrub wetland
shrub wetland
Mature Trees (Maple Herbaceous near river, Transect A: Herbaceous \ouna/relatively smaller Mature trees
Vegetation Holly, Beech) PIe [ Mature trees upland (Tulip | Transect B: Mature trees treesg(Re dbud yBeech) (Sycamore, Beech,
Y Magnolia, Maple) (Hickory, Oak) ' Oak) & herbaceous
Drainage Basin 0.59 29.3 1.19 0.64 0.41
Area (mi)
Impervious Surface
Coverin 22.8% 31.6% 37.7% 39.6% 40.8
Watershed
Forest Cover in o o o o 0
Watershed 24.9% 25.6 % 19.9% 12% 25%
Wood et. al. (In Review)

Minimally
disturbed
control
reference
S



Chronosequence of sites 5- 20 years and uncut comparisons

If data will be provided, e.g., graph/chart
* Add data here
* Label each axis

e Use clear labels that will mean something to
the audience vs your internal naming (e.g.,
site 000145)

Wells installed in transects of 3



Results: Sites where trees were removed
had higher nutrient concentrations than
sites where no trees were removed

* Concentrations of common plant nutrients
(nitrogen, potassium, calcium, etc.) were elevated
in ground water in sites where trees were
removed

* Concentrations of common plant nutrients in
groundwater decrease downslope in riparian
zones with trees, but increase downslope in
riparian zones where trees were removed



190 samples
collected over a
2 year period

Multiple element
approach



Nutrients and carbon were most
elevated immediately following

restoration/ tree removal

DIC DOC TDN Ca
post- post- post- post-
Mean | SE | hoc* | Mean SE hoc* | Mean SE |hoc*| Mean SE |hoc*
Uncut |14.931(4.155] a [4742] 0831 | a [0752] 0326 | a | 14.483 [3.409] a
5yrcut |42.186[4753] b [9.126 | 095 | b |2535] 0373 [ b [48.118 [3.926] b
10-yrcut|68.235[8.913| ¢ [3576| 1782 | a [o0.867 0.609 [ ab | 70.380 |7.465] ¢
20-yr cut|64.384[5.406| ¢ |2.657| 1081 | a | 15 [ 0424 [ap | 65281 [4539] ¢
K Mg Na S
post- post- post- post-
Mean SE hoc*| Mean SE hoc*|Mean SE hoc* | Mean SE  hoc*
Uncut | 2746 0253 a | 4625 1028 a |6.283 0855 ab |4.166 0732 a
Syrcut|3777 0291 a | 8691 1184 b [8435 0985 a |7.143 0.843 b
10-yrcut| 3958 0553 a | 11554 2252 b |7.468 1873 ab [5534 1602 ab
20yrcut| 35 033 a |24751 1414 ¢ [4357 1139 b | 163 0974 a

Tukey’s (*post-hoc) results from restoration
age-based ANOVA (Wood et. al. 2021)

Wood et. al. (In Review)



Nutrient Concentration Ranges
Along the Chronosequence

Nutrient concentrations peaked after restoration/tree removal and then
declined with ecosystem recovery and riparian tree growth.

Wood et. al. (In Review)



Wood et. al. (In Review)



Plant biomass and organic matter can be a source or
sink of nutrients.

Limiting
nutrient
uptake

Respiration

Decomposition

Geologic

i influence
Dead biomass

lon
exchange

Wood et. al. (In Review)



Riparian zones are sources or sinks: restored/cut sites vs. uncut sites

Nutrient uptake along flowpaths (sink) at uncut sites and accumulation along flowpaths (source)
at 5-year cut sites.

78.6% 1 4.5%

516.9% T T 157.5%
123% 4 I
19.3%
190.7% 1 0
1 305%

Wood et. al. (In Review)



Riparian
zones
shift from
sink to
source of
carbon
and
nutrients
based on
tree
removal

Wood et. al. (In Review)



Other studies have shown increased nutrient
concentrations after tree removal in watersheds

Study Water Chemistry Response after Tree Removal Location
B Lofgren et al. (2009) Increased concentrations of Na, K, N, CI, etc. in streams | Sweden
Martin and Pierce Increased concentrations of Ca and N in streams Northeastern U.S. /New
(1980) England
(G.E. Likensetal. Increased concentrations of N, Ca, K, Na, Mg, etc. in New Hampshire, USA
1970)) streams
Aubertin and Patric Increased concentrations of nitrate and phosphate in West Virginia, USA
(1974) streams
streams Hewlett, Post, and Doss | Increased concentrations of N, K, Na, Ca, Mg, etc. in Georgia, USA
(1984) streams
Burns and Murdoch Increased concentrations of nitrate in streams Catskills, New York,
(2004) USA
Swank, Vose, and Increased concentrations of nitrate, K, Na, Ca, Mg, S, and  Southern Appalachian
Elliott (2001) Cl in streams Mountains, North
Carolina, USA
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