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The following slides describe ongoing staff research as of
February 10, 2025, and do not necessarily reflect policies or
proposals of the Delaware River Basin Commission.

This presentation is provided as a contribution to an ongoing

dialogue in the spirit of advancing collective understanding of
environmental processes.
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What is SOD? What are its drivers?
How is it represented in WQ models?

What do we know about SOD in the

Delaware River Estuary”? Has it changed
over time?

What information do we need to model
SOD? Where are the largest sources of
uncertainty?



Sediment organic
matter is a major

. Downstream
Skaf O2and losses of OM
source of nutrients + nutrients

In aquatic
environments

O, Cycle in Aquatic Environments

O, diffuses from the
atmosphere into the
water column

VD QQQQQQQ
S Y *
VR _q
Plants and algae Plants and algae .‘.*

produce O, during
photosynthesis

use O, during
respiration Microbes use O, to
consume dissolved
OM + nutrients
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Microbes use O, to consume
particulate OM that settles to sediment
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Upstream
sources of OM +
nutrients that
require O, to
breakdown
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SOD is driven
by settling fluxes
of internally- and

externally-sourced
organic matter

Downstream
Sinks
OM + dissolved
nutrients

O, Cycle in Aquatic Environments
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Upstream sources
OM + dissolved
nutrients
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Dynamic SOD predictions enable understanding of future

changes (I.e., wasteload allocations)
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Dynamic SOD predictions enable understanding of future

changes (I.e., wasteload allocations)

Sediment Alternative is to prescribe SOD
Oxygen based on measurements
"'"""---..,_________IZ)emand(?) (expensive) or calibrate to
B water column DO (common)

Water Column
Oxygen Demand

If we prescribe SOD, we
assume it will not change
with changing organic fluxes!! PENNSYLVANIA o NEW YORK
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Zone 5 Zone 4 Zone 3 Zone 2

213 . o
On average, SOD o1 @
Increases as you move
upstream, but the
trend has not changed
much over the last 30+

Delaware River Basin Commission
DELAWARE o NEW JERSEY

PENNSYLVANIA o NEW YORK
UNITED STATES OF AMERICA




Evidence suggests that
Improvements in water
quality since the 1980s
may have had a positive
Impact in depositional

SOD,, (gm 2 d ™)
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Coarse-Grained Sediments
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Goal is to predict SOD dynamically based on

loads and bed conditions

Initial Bed
Conditions
Can constrain
with Dynamic SOD
observations
Sediment O, and
Nutrient Fluxes
Organic
Matter
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Sediment maps define long-

term bed conditions

(v| finedeposition

(v| nondeposition

[]

(v| Bedload

(v| reworking _uniform

IE] reworking_mixed

(v| reworking_coarse

Montchanin
Oldmans
Wilmington
Perkintown
Lyndalia
Duross Wilmington /
Heights Manor
Peﬁnsville

“““ | Larayette
Prussia Hill
Radnor
Township
Ardmore

Broomall Havertown

Drexel Hill

Springfield

Wallingford

Beckett

Woolwich

Willingboro

Pennsauken
&

Philadelphia

Cherry Hill
Mall
Cherry Hill
Gloucester Greentree
City Marlton
Springdale
Echelon
Woodbury
Lindenwold
Pine Hill
Dunbarton
Pitman Homn?_?wesilhurst
Glassboro

*Reworked refers to bed reworking
(Sommerfield and Madsen, 2005)

Cecin

B
-~
-
.

N 4
wilmingtaon
Bl

Dover

= w
Philade%pl"\ia

—

Vineland

Sediment
Organic C
(%)

7.5.

0



Total Chia

Our ability to simulate internal organic matter
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production has vastly improved

Simulated and Observed Chl-a at PWD Buoy B, RM 93.5: 2018 to 2019 Penod
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The explanatory power of the model near Philadelphia
increased by 38% since the previous round of calibration
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... but organic matter loads still likely

underestimated as they cannot maintain SOD

POC (G Class 1-3) and SOD Time Series at Ben Franklin, RM 100
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What is missing from our data?
_ ; 1. Large OM particles (e.g., leaves)
E" 2. High-frequency sampling
Refractory o 3. Bedload
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Our plan going forward...

Hybrid SOD

— T~

Prescribed SOD Predicted SOD

|

Background SOD flux
based on long-term
bed conditions

Dynamic SOD flux based on
inter-annual variability in
water column conditions
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Background SOD can be constrained by

sediment composition maps

Sediment OC Dry Bulk Density Sediment Oxygen Demand
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SOD is the correct magnitude, but mostly

due to the ‘prescribed’ component

Dynamic

—Background

—Dynamic+Background
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Simulated SOD @ 20° C: 1.05 g O,/m?/d

Measured SOD @ 20° C: 0.953 O,/m?/d
(based on 2016-2018 data from PWD)
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= Significance: SOD is one of the major oxygen sinks within the DRE

“ Driving Forces: SOD is fueled by the influx of organic matter into sediments

= Water Quality Impact: By improving SOD predictions, we hope to better simulate the impact

of management actions

= Modeling Challenges: Closing the mass balance of organic matter within the estuary is the

top priority to accurately model SOD

= Moving Forward: The DRBC plans to implement a hybrid modeling approach that partitions the

SOD rate into contributions from short- and long-term turnover of organic matter
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Questions?
For more information, contact:

Matthew.Amato@drbc.gov
Li.Zheng@drbc.gov
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