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Suspended sediment concentration

highly variable
nontidal rivers

more consistent within estuarine zones

\/

Nontidal Tidal Oligohaline Mesohaline Polyhaline
freshwater

Tidal and salinity zones

2 USGS , ,
Noe, Murphy, Krauss 2020 | Estuarine, Coastal and Shelf Science



Why care about'sedimentiin the Chesapeake Bay?

Excess fine sediment:

1. Impairs habitat through clarity and benthic deposition

2. Transports attached and constituent pollutants (esp.
Phosphorus)

3. Provides resilience to sea-level rise for tidal wetlands

2 USGS

Noe et al. 2020 | Wiley Interdisciplinary Reviews: Water




How/is sediment managed in Chesapeake?

Chesapeake Bay TMDL:

implementing management actions that would reduce downstream
sediment loading by 20%

... mostly through watershed BMPs

2 USGS



Tidal freshwater rivers
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Chesapeake Bay Program(CBE) Iong:termidatai(d1984=20241)
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4 classes ofidownriver trends in SSCISS

1964 oN2021

01594440 1594526 TF1.3 WXT0001 TF1.4 TF1.5 TF1.6 TF1.7 RET1.1 LE1.1 LE1.2 LE1.3 LE1.4 CB5.1W
Patuxent

[u=y
o
o
(=]

100

[y
2

Suspended sediment (mg/L)

@ Nontidal

@ Tidal fresh
@ Oligohaline
@ Mesohaline

% USGS ) Polyhaline




= f . GAM analyses of 1SS at tidal stations
E l’slisﬁﬁﬁs:lfms‘:ofndsij iﬂsﬁfﬁs’i?fﬂﬂﬁif'ﬁﬁisifﬁ?ﬂf'ﬁéiﬁiii}*ﬁﬁ’ iﬂi.i"ﬂ?ﬁi’ﬁf%ﬁiff; Tny.i' 1999 t O 2022
3 Y ¥ & ow o Above 10 psu had a 25% reduction in TSS

v
2035000 2041650 TF5.2 TF5.2A TFS.3  TF54 TS5 TFS5A  TF56  RETS.2  LES1  LES2  LES3 LES4  LESS

= A A > A i
3 A Susquehanna 3 ;i Nanticoke
I | « 2T 4y . %0
H
£z -1
2% H A & ¥ 20q A 1 @)
1576000 1578310 CB11 CB21  CB22 (B3l  (CB32 1487000 ET6.1 XD/9007 ET62  EE31 60
Wicomi 3 i A Mattaponi o
Eﬁ l, icomico éé u%! attaponi o\o
5% 5% & —_— 40 .
gz v £z g vy ©
£3 A £g : v . - @)
anv 210 a 1102 i n) (] v m
WIWOl41 ET70 X078 1675400 TFA4  RETA2 RETA3  LEA1  LE42  LEA3  WEA2 - @]
% %é ., Sassafras A Strong positive E P ,é Manokin .E 20 .
3 g égﬂ A A Weak positive 5¢ 8 O o ‘
52 {:‘“g [ weak neutral sz i g A oo .
§ 3 iég W Weak negative § 3 189 c 0 O O O
' Ema e W Strong negative * wnkarie €A E O .. .
o A A Pocomoke 3 P gg A A Choptank o 20 ..
H -
1y ¥ iy £ © o L ©
c
§2 . 52 4 A
BE R £ 109 v V]
s & 33 o A u
1485000 1485500 ETI0A POKOOEY XAK7EID EER3 EE34 1491000 1491500 ETS.1  ETS2 E -4 @) © o
< A A Che: i A Pamunkey o
£ - g o
5% & 5% g -60 @)
g2 18 v o A g 2y A O
3% a0 3 2 m! 'y | B A L -
1493112 1493500 ET41  ETA2 1673000 Tra2  RETA1  RET43 LEA1 €42  LE43  WE42
-80 : : : : :
E PETIS A A A A A A - Patuxent :
58 g v z 0 5 10 15 20 25 30
£z.% v
B E 1304 - 3
3% ﬁgg v m] ) 4 . .
= * isodssn 1594526 TFL3 WKTO00L TFLA TFLS  TFiG r::r RETLI (611 (€12 LEL3  [E14 CBSAW Sa|lnlt\/ (pSU)
LIS A Rappahannock
ZI: i ppal
By
fz.8
SER v -
8 %28 vV v A A 1 1 A A

I
1668000 1i1A  TF31E TF3a8  TF3.2  TF32A  TF3.3  RET3.1  RET3.2  LE31 LE3.2 LE33 LE34 lE!.G



GANMEanalyses oS Sratitidalistations

1999 o) 207

Fast response to river FW input

A LA L A A

v

Duration of flow/
salinity effects
ROUINOOYWE
[olo]eleleleleleld

w0000 0000. .

FTTTTTTTTTTT

N

A James

v
v

1 T I I I I

v A A A O v

12035000 2041650 TF5.2 TF5.2A  TF5.3 TF5.4

Slow response to river FW input

2 USGS

TF5.5  TF5.5A  TF5.6

RET5.2  LES5.1 LE5.2 LE5.3 LE5.4 EES!S

Strong positive
Weak positive
Weak neutral
Weak negative
Strong negative

4<4OP>p



EouRdifferentisystempehaviorsioisedimentiavaiablityAchanges

Higher 4090 |7 oLiGo _
watershed 20-50 7 rivers
sediment 9-27 (o largest)
TF MESO
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watershed EEED  10-20 3 rivers
Lower e
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) 20-30 rivers
sediment NT - OLIGO ESO oo ,
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Caveats and limitations

Could sediment bypass surface waters in tidal freshwater zone?

e Bottom layer of uppermost TFZ sites had 33% greater SS concentration
than the surface layer.

* Bedload transport possible, but also goes upstream towards ETM

2 USGS



The role of massive floods in recent past

Patterns of sediment deposition around the Chesapeake oo Depo;l;s Lee
Bay indicate that the upper estuary traps nearly all Thickness (cm)  Susauehanna River

watershed sediment delivered (Donoghue et al., 1989; 0
Marcus and Kearney, 1991; Sanford et al., 2001).

Most of the sediment delivered
from the Choptank River
following the flood of record Hurrlcane Agnes
after Hurricane Irene (2014)
was trapped in the upper tidal
freshwater zone (Ensign et al.,
2015).

S~Chester River

Patuxen
River

(c_,u',} 3
< Choptani®

¢
5 4
? River %
Z. ] £
S 2
s ‘\
G R4y A

Z ¢ AN

- S ; . ‘
<USGS Zabawa and Schubel | 1974 Palinkas et al. | 2014



GENEAlpatternioaVerRanu i eStuaR/ASEdIMENCONCEN At ONNNNNENCHESAPEaKE

Suspended sediment concentration

highly variable

. . more consistent within estuarine zones
nontidal rivers

\/

Nontidal Tidal Oligohaline Mesohaline Polyhaline
freshwater

% USGS Tidal and salinity zones



SedimentdeliveR/anthepast

Nontidal river sediment loads were much higher in oruwurn
past centuries due to deforestation and intensification
of agriculture after European colonization (James,
2018; Noe et al., 2022).

Sediment load, million tons
Decadal mean flow, cubic feet per second

These historically high rates of sediment delivery led to B I =
depOSition in tidal rivers that formed eXtenSive new Figure 3. Total estimated sediment transported from the Susquehanna River into three reservoirs in Pennsylvania and
Maryland, 1900-2010.
wetlands near the heads-of-tide (Pasternack, 2007;
( ’ ’ Langland | 2015

Jones et al. in prep.) and filled river channels around
historic colonial port towns (Gottschalk, 1945).

2 USGS
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Mattaponi_Stressed Site
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Jones et al. in prep.
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‘science forachanging world

— t Monitoring Network Trends Summary Total Nitrogen Total Phosphorus Suspended Sediment Loads to Tidal Waters Definitions Methods Factors: Loads and Trends Resources

20

Loads to Tidal Waters

Water quality results for the RIM
stations, which represent roughly
78% of the 64,000 square-mile
Chesapeake Bay watershed, are

NO Change over published each year alongside
same t/me perl'od estimated streamflows to the Bay.

i

Suspended-sediment load, in million tons per year

L e A A A
LR IR AR I R e @m ,Lgu% 1@‘9 1@1 1@‘3 10\\ 19\3 10\‘9 19\’1 10\‘3 ,Lgm'\ 1013
Water Year (October 1st - September 30th)

‘ ~
AN

Combined annual suspended-sediment load delivered from the nine River Input Monitoring (RIM) stations to the
Chesapeake Bay. Black line represents the mean-annual combined load of 3.9 million tons per year.

Streamflow to the Bay Total nitrogen RIM loads Total phosphorus RIM loads Suspended-sediment RIM loads

“
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https://va.water.usgs.gov/geonarratives/ntn/




Sources of sediment within
the Chesapeake Bay
include river inputs, coastal
erosion, and marine inputs,
depending on location

2USGS Delivery to Bay
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VWhatisStthersedimentsShadow

Minimal sediment availability in
lower tidal freshwater rivers
and wetlands,

either in-channel suspended
sediment concentration or tidal
wetland sedimentation

http://www.francescof

rancavilla.com/seque
ntials/the_shadow.ht
nll

2 USGS

watershed

estuary
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e The Sediment Shadow has been observed over the U.S. Atlantic

Coast’s tidal freshwater rivers
— James (Bukaveckas and Isenberg 2013)
— Choptank (Ensign et al. 2014, Ensign et al. 2015)
—  Pocomoke (Ensign et al. 2014, Ensign et al. 2015)
— Roanoke (Hupp et al. 2015)
—  Waccamaw/Winyah (Noe et al. 2016)
— Savannah (Noe et al. 2016)
— Hudson (Ralston and Geyer 2017)
— Altamaha (Craft et al. 2022)
— Mattaponi (Kroes et al. 2023, Darke and Megonigal 2003)
— Pamunkey (Kroes et al. 2023)

— NOT Delaware River (Haaf et al. 2022)

« “Less than 5% of the sediment from rivers of the Atlantic drainage
ever reaches the continental shelf or the deep sea (Meade 1982)

2 USGS
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PotentialiconsSequencesHoRGhESapeakeBayrestordation

Contemporary sediment availability is minimal in tidal freshwater zone

— Impact response to rSLR and watershed restorations

* Historic sediment loads used to be higher and did get delivered
farther into Bay

* Contemporary sediment sources: el
* TFZis watershed sediment ™2 O
* ETM seems likely to be sediment delivered to the estuary long

ago that is being reworked into suspension

« Mid-Bay source is coastal erosion .. N C(%@a),?—)
* Lower Bay source is Atlantic ((\ ) j’) /

* Agrees with findings of controls on Secchi depth by Testa et al. 2019

2 USGS




Thank you
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