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Reef Restoration - Harris Creek, MD

Tributary-scale restoration

» Creek closed to oyster harvest
« Spat on shell

— 350 acres planted

— 2.49 billion oysters

e Cost $28.6 million
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Reef Restoration - Harris Creek, MD
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Overview

Modeling effort is part of a larger
group of projects
* Integrated assessment of oyster reef
ecosystem services
— Forage for finfish
— Habitat for macrofauna
— Denitrification
— TMDL-related benefits model
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Oysters and Nutrient Cycling

Net N removal = assimilation + denitrification + burial
Net P removal = assimilation + burial

Atmosphere Nitrogen Gas (N,)
Water Column Phytoplankton
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Modeling Approach

Goals:

» Accurately estimate water quality
benefits

» Allow users to run their own
scenarios by altering model inputs

— User-friendly online interface

— Model outputs generated within
seconds

e
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Modeling Approach

Spatial and Temporal Resolution

 Creek divided into 5 vertically well-
mixed spatial elements or “boxes” Clissoponics

« Simulates average annual cycle of
water quality and impacts of restored
reefs on the system

Choptank River -
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Modeling Approach

Estuarine Ecosystem
Model

« Simulates state variables EXCHANGES
and processes of first- sy
order importance to o -

estuarine eutrophication

« Simulates daily
concentrations over an
average annual cycle

— Chlorophyll a
— C,N,and P in

R e N
phytoplankton and benthic /////////////////ﬁ%g/{%%%

microalgae

— Water column pools of TSS,
DO, DIN and DIP

— Pools of labile organic C
and associated N and P in
both water column and
sediments

.
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Modeling Approach

Estuarine Ecosystem
Model
« Forced with daily:

— Water temp

— Salinity

— PAR

— Inputs of freshwater, TSS,
DIN, DIP and C from the
watershed

. Atmospheric deposition of N | &““‘@
— Mean wind speed /////////////////////;Z%%%% ,

« Boundary conditions
forced using long-term

monitoring data
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Modeling Approach

Estuarine Ecosystem
Model
« Exchanges with the lower

Choptank computed using
tidal prism approach

— Validated with ChopROMS
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Modeling Approach

Oyster Sub-Model
« Computes daily growth of the

Assimilated Nutrients (4,,)

I,.-R,.-F,

.| . e
average individual oyster o )
* Filtration is a function of Rt .~

individual weight, water temp, &Recyele | ©: )
salinity, TSS and DO

« Multiplied by total oyster
abundance

» Oysters draw down pools of
TSS, phytoplankton biomass,
and associated N and P which
are assimilated into tissue and
shell, buried, denitrified, or
recycled
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Modeling Approach

OySter Sub-Model v=12101x

R?2=0.7817

* Other filter feeders

— Sea squirts (Molgula ‘
manhattensis)

— Hooked mussels
(Ischadium recurvum)

ischadium Filtration, L h-' g' DW

1 2 3 4

* Filtration rates scaled to
oyster filtration

Oyster Filtration, L h-' g DW

y=1.1209x
Rz2=0.9123

 Biomass based on
seasonal data from

Harris Creek

Moguia Filtration, L h-! g DW

2 4 6 8
Qyster Filtration, L h-' g1 DW
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Modeling Approach

Oyster Sub-Model
e Denitrification rates based on

Assimilated Nutrients (4,,)

I,.-R,.-F,

seasonal measured values from @:’;gj@) ) (o)
Harris Creek and their =1 o
relationship to reef community 'm’g';};‘,’: \/(;j)
structure Ingestion N

(on)
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Denitrification Function
Dark Light

y=0.697x + 87.704
R? =0.3927
(o]

y =0.4504x + 141.45
R*=0.312

No>-N Flux (umol m2 h')
N,-N Flux (umol m2 h")

o

400 600 800 400 600 800
Oyster Biomass (g DW m2) Oyster Biomass (g DW m?)

y =44.044x +44.332
R?=0654 e

y =58.314x - 7.1177
R?=0.5748 ¢
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Denitrification Function
N, Flux = (62 * Polychaete Worm AFDW) — 40

How do you add worms to an oyster/water quality model?

Polychaete Worm AFDW = (0.12 * Mussel AFDW) + 1
Mussel AFDW = 3 + (0.18 * Total Oyster DW) - (4.488 * Distance)

R2=0.6724 R2=0.613

=
N
a1

=
o
o

gl
o

(7]
(7]
©
c
i)
m&
e E
5=
=0
o g
)
e
o
>
@]
a

Predicted Mussel Biomass
\‘
ol

100 200 300 400 75 100 125 150
Mussel Biomass (g DW m2)) Actual Mussel Biomass

VIIS | i

VIRGINIA INSTITUTE OF MARINE SCIENCE




Model Inputs

Default values based on 2015 and
2016 oyster reef monitoring data

1. Specify the acres of restored oyster 2. Specify the density of restored oysters
reefs in each spatial element. (#/acre) in each spatial element.

Acres of Restored Reefs Restored Oyster Density

477529

224601

284090

696060

370288

3. Specifiy the average tissue weight (g dry) of

restored oysters in each spatial element. 4. Optional: Specify the value of

nutrient removal ($/pound):

Mean Oyster Weight - -
Nutrient Credits
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Filtration Capacity

Average dally filtration:
« 55% Oysters

e 299% Mussels

* 16% Sea squirts

—OQysters

—Mlussels

=
i

——Tunicates

— Sea squirt filtration
underestimated
because cold water
filtration not included in
model

—Total
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Water Quality Benefits

Annual N Removal Annual P Removal

B Denitrification B Tissue

B Shell
B Burial

W Tissue
B Shell
W Burial

II.__ . |l|.|-__

Box 1 Box 2 Box 3 Box 4 Box 5 Box 1 Box 2 Box 3 Box 4 Box 5

Mean Live Mean Individual
Acres Restored  Density, # m* Mass, g DW
168.6 118.0 0.95
88.5 55.5 0.87
65.6 70.2 1.08
17.9 172.0 1.28
6.9 91.5 1.26
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Water Quality Benefits

Percent of annual inputs removed by restored reefs

Watershed 138% 1230%
Atmosphere

Choptank River 8.2% 22.4%
Total 7.8% 22.0%
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Nitrogen Removal

Nitrogen removed by restoration
In Harris Creek:

= 44.5 x 108 g y-1
~ 20,000 bags of 10-10-10 fertilizer 1‘ iz RE 2408 A}Eﬁl@%ﬁ;

vt Surems

‘ 10-10-10

= 12 stacks of fertilizer bags equal in
height to the Washington Monument

I ALL PURPOSE : ) ‘ |
] FERTILIZER : ' A&n%??ﬁ .
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I ALL PURPOSE ‘ | I ALL PURPOSE
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Value of Nutrient Remoyval

Based on MDE in-lieu

MARYLAND DEPARTMENT OF THE ENVIRONMENT

annu al fees for fal | I n g to Clean Water Act Section 401 Certification For the Conowingo Hydroelectric Project

FERC Project No. P-405 / MDE WSA Application No. 17-WQC-02

achieve required nutrient
reductions

Certificarion Issued To:

Exelon Generation Company, LLC
300 Exelon Way

. N — $17 per pound Kennett Square, PA 19348

e P=%270 per pound Payment of an in-lieu fee annually at $17.00 per pound of nitrogen
and $270.00 per pound of phosphorus in accordance with payment
instructions provided by MDE from time to time; provided, that the

in-lieu fee amounts of $17.00 and $270.00 are deemed effective as
of January I, 2019 and shall be adjusted for inflation on January 1,
2020 and on January 1 of each year thereafter, based on the
cumulative change in the CPI;

Source: _—
https://mde.maryland.gov/programs/Wat /
er/WetlandsandWaterways/Documents/Ex / V’Ms ‘g%iﬁig

elonMD/Conowingo_WQC_04-27-18.pdf - @ =
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Value of Nutrient Remoyval

Estimated value of Harris
Creek reef restoration
nutrient removal services:

« N=%$1,749,078 per year
« P=8%1,277,155 per year
« Total = $3,026,233 per year
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Other Ecosystem Services

« Food for commercially and
recreationally valuable finfish

 Habitat for other macrofauna

 Filtering fine sediments out of
suspension

White Perch Diets y = 13.52¢00042«

R?=0.7758

: Target Biomass
50 g DW m=2

O Other Unk.

@ Other Known
O Other Fish

@ Bay Anchovy
® Naked Goby
@ Other Crust.
@ Mysids

= Copepods
OBlue Crab

B Amph. and Iso.
O Mud Crabs
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Non-oyster Non-Molgula
3

Biomass (g AFDW m2)
2

All Ages All Ages
MD MD & Worms 400 600 800

E Molluscs

ChesMMAP Harris Creek @Molgula Oyster Biomass +1 (g AFDW m™)
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