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Susquehanna	River	Has	a	Major	Influence	on	
Chesapeake	Bay	Water	Quality

Susquehanna	
watershed

Potomac	
watershed

Slide	from	Lee	Currey,MDE;	Source:		Linker	(2014)

• 43%	of	Chesapeake	Bay	watershed
• 47%	of	freshwater	flow	into	the	Bay
• 41%	of	nitrogen	loads	to	the	Bay
• 25%	of	phosphorus	loads	to	the	Bay
• 27%	of	sediment	loads	to	the	Bay
• Influences	Bay	water	quality	well	

into	Virginia’s	portion	of	the	Bay	
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Historical	land	use,	nitrogen,	
and	coastal	eutrophication:	a	
paleoecological perspective

Time	scale	extends	from	
1500-2000

Rapid	increase	in	
sedimentation	goes	back	to	
European	settlement,	rapid	
increase	in		nutrient	flux	is	
dramatic	after	WW	II



Lintner,	S.F.,	1983.		The	Historical	
Physical	Behavior	of	the	Lower	
Susquehanna	River,	Pennsylvania,	
1801-1976.

• The	Susquehanna	River	basin	had	a	history	of	
hydraulic	mining	for	coal	beginning	in	1840

• It	took	30-40	years	for	large	volumes	of	mining-
related	sediment	to	begin	accumulating	in	the	
lower	Susquehanna

• Net	accretion	of	islands	and	aggradation	on	
floodplains	occurred	up	through	1929;	rates	of	
island	growth	accelerated	after	closure	of	Safe	
Harbor	Dam

• Marietta	floodplain	aggraded	3-7	feet



From	Gottschalk,	19451.	Some	historical	context



Langland,	USGS,	2015	– Open	File	Report	2014-1235

• Sediment	loads	were	greater	in	the	early	to	mid-1900s,	averaging	
approximately	87	million	tons	per	decade	(8.7	million	tons	per	year)
• In	the	1950s,	agricultural	conservation	measures	were	enacted	(Wedin,	
2002;	Westra,	2003),	helping	to	reduce	sediment	loads	from	87	million	tons	
in	previous	decades	to	approximately	60	million	tons.	
• Sediment	loads	have	generally	decreased	from	the	1960s	through	the	
1980s	as	a	result	of	more	land	reverting	to	forest	from	farm	abandonment,	
a	decrease	in	land	disturbance	from	coal	production,	and	new	best-
management	actions	to	control	sediment.	
• Loads	continued	to	decline	to	an	average	of	3.5	million	tons	per	year	over	
the	period	1991–2012



From	Kemp	et	al.	2005

As	watershed	sediment	
yield	started	to	decline,	
nutrient	flux	was	
increasing…

This	was	a	global	trend	
but	it	began	to	hit	
Chesapeake	Bay	
particularly	hard	in	the	
1970’s	and	1980’s



Period	of	explosive	increase	of	coastal	
eutrophication	and	growth	of	dead	zones



The	System	of	Reservoirs	has	been	
filling	over	time.

Source:		Langland	and	Blomquist,	USGS,	personal	communication

Three	Reservoirs	in	the	Lower	
Susquehanna

Conowingo Reservoir

Lake Clark

Conowingo	Dam

Safe	Harbor	Dam

Holtwood Dam

Lake Aldred
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Equilibrium	– around	2010
(First	evidence	- late	1970s)	



Timeline	for	Lower	Susquehanna	River	Reservoirs:	1900-2020
1900

1960

2000

1920

1940

1980

1910	– Holtwood	Dam	constructed

1950	– Safe	Harbor	Dam	reaches	equilibrium

1928	– Conowingo	Dam	constructed
1931	– Safe	Harbor	Dam	constructed

1972	– Tropical	Storm	Agnes

1920	– Holtwood	Dam	reaches	equilibrium

1960s	– Historical		lowest	flows	in	Susquehanna

1996	– January	“Big	Melt”	rain	on	snow	flood	event

1979	– Systematic	water	quality	monitoring	begins	on	the	Susquehanna	River	at	Conowingo Dam

Source: Langland, USGS, Personal Communication

2020

2001	– SRBC	convenes	“Susquehanna	Sediment	Task	Force”	Symposium;	publishes	report

2010	– Chesapeake	Bay	TMDL	established
2012	– Hirsch	2012	- clear	evidence	for	Conowingo Reservoir	at	or	near	dynamic	equilibrium

2017	– Bay	TMDL	Midpoint	Assessment



Why	regulate	sediment?

• Degradation	of	habitat	by	siltation
• Limitation	of	light	penetration	in	water	
• Transport	medium	for	nutrients	and	potentially	for	
toxic	contaminants
• Associated	nutrients	could	contribute	to	algal	blooms	
à hypoxia;	or	to	Harmful	Algal	Blooms	(HAB)
• It’s	all	the	fault	of	Tropical	Storm	Agnes	in	1972!



Table	from	Gross	et	al.,	1978
The	steep	decline	in	Chesapeake	Bay	
seagrass	and	oyster	beds,	water	quality,	
dissolved	oxygen,	and	other	measures	of	
environmental	quality	is	commonly	dated	
to	the	period	after	1972	when	Tropical	
Storm	Agnes	caused	a	historic	flood	to	
inundate	the	estuary	with	sediment	and	
pollutants.	(Oysters	were	already	much	
reduced	from	a	long	period	of	mining	of	
oyster	reefs	but	remaining	populations	
crashed	mostly	due	to	disease.)

Remobilization	of	sediment	stored	
upstream	of	Conowingo Dam	may	be	part	
of	the	story.

It	has	been	known	for	more	than	40	years	that	Conowingo was	
trapping	large	volumes	of	Susquehanna	River	sediment	and	
associated	contaminants,	and	could	export	a	decade’s	worth	or	
more	of	sediment	in	a	single	large	flood



From	talking	points	prepared	by	Joel	Blomquist of	USGS	to	brief	Senator	
Ben	Cardin’s	staff,	July	2020

17-20	years	would	put	you	at	2015-2020	– so	it	happened	no	more	than	10	yrs early	



Article	in	Carroll	
County	Times	-
January	2016

Carroll	County	Times
January	12,	2016

Published	during	the	STAC	
workshop,	“Conowingo Reservoir	
Infill	and	Its	Influence	on	
Chesapeake	Bay	Water	Quality”



Flood	waters	and	sediment	passing	
through	Conowingo Dam	on	the	lower	
Susquehanna	following	Tropical	Storm	Lee,	
Sept.	12,	2011

Flow	=	220,000	cfs;	peak	was	778,000	cfs

Photo	by	Wendy	McPherson,	
USGS



Tropical	Storm Lee sediment	plume What the Data Shows

Photo Credit: NASA Palinkas et al., 2014

Sediment Deposition (cm)

For	most	of	the	
upper	Bay,	Lee	
deposits	were	
0-1.5	cm	thick



• There	has	been	rigorous	scientific	review	of	the	dredging	question.	The	Lower	
Susquehanna	River	Watershed	Assessment	(Army	Corps	of	Engineers)	was	
completed	in	2014.	A	STAC	review	of	the	report	was	also	published	in	2014.
• There	was	a	Chesapeake	Bay	Scientific	and	Technical	Advisory	Committee	
Workshop	on	the	subject	of	Conowingo infill	and	its	implications	in	January	
2016.
• In	summer	2017,	research	projects	investigating	the	potential	of	Conowingo
sediment	to	affect	water	quality	in	Chesapeake	Bay	were	completed	by	
UMCES	scientists	under	contract	to	Exelon	as	part	of	its	bid	for	relicensing	of	
the	Conowingo hydropower	dam.	A	paper	summarizing	those	findings	was	
published	in	2019.
• The	2017	TMDL	Midpoint	assessment	included	analysis	of	updated	modeling	
results	to	determine	the	additional	loads	that	would	have	to	be	accounted	for	
as	a	result	of	Conowingo infill

What	is	the	truth	about	Conowingo Dam?	Is	it	undermining	
Chesapeake	Bay	restoration	efforts?	Is	dredging	the	answer?



During	Storm	Events,	Most	
of	Conowingo Discharge	is	

Delivered	from	the	
Watershed



February 2013 Storm Photo credit:  
NASA

Finding 3 Continued:

With or Without the Dams,  
Large Storms Will Continue  
To Contribute Sediment  
and Nutrients to the Bay



Finding 4: Dredging, Bypassing, and Dam Operational Changes, By  
Itself, Does Not Provide Sufficient Benefits to Offset Impacts From  

the Loss of Long-Term Trapping Capacity

• Dredging = Minimum, Short
Lived Water Quality Benefits• Cost:	$15-270	Million Every		

Year
• Back	to	Mid-1990’s	=	$496		

million	to	$2.8 billion
• Only	‘Keeping	Up’With

Inflowing Sediment
• Reducing	Nutrients	at Their		

Source	More Effective
There	are	studies	in	progress	to	reevaluate	whether	an	economically	feasible	dredging	
option	can	be	developed.	I	have	not	seen	any	evidence	regarding	this	option.



Bay	Restoration	Depends	on	Watershed	
Management	in	All	of	Its	Tributaries

ETM	ZONE

William	Preston	
Memorial	Bridge
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Langland	et	al	2003

Under	normal	range	of	conditions,	LSR	
influence	extends,	at	most,	to	William	
Preston	Memorial	Bridge.

William	Preston	
Memorial	Bridge

North	et	al	2004:

Local	tributaries	primarily	influence	
shallow	Bay	resources	(SAV	beds,	crab	
habitat,	oyster	reefs,	spawning	habitat)



2014	STAC	Review	of	LSRWA	report:

• The	Conowingo Reservoir	is	essentially	at	full	capacity	and	is	no	longer	a	long-term	sink	helping	to	
prevent	sediment-associated	nutrients	(primarily	particulate	phosphorus)	from	entering	the	Chesapeake	
Bay.	

• Increases	in	particulate	phosphorus	loads	entering	the	Bay	as	a	result	of	the	full	reservoir	are	likely	
causing	significant	impacts	to	the	health	of	the	Chesapeake	Bay	ecosystem.	

• Sources	of	nutrients	upstream	of	the	Conowingo reservoir	have	far	more	impact	on	the	Chesapeake	Bay	
ecosystem	than	do	the	increases	in	nutrients	caused	by	scour	plus	reduced	deposition	in	the	reservoir.	

• Managing	sediment	via	large-scale	dredging,	bypassing	and/or	operational	changes	are	clearly	not	cost-
effective	ways	to	offset	Chesapeake	Bay	water	quality	impacts	from	the	loss	of	long-term	trapping	of	
sediment-associated	nutrients.	

• As	soon	as	possible,	follow-up	studies	should	more	fully	quantify	the	impact	on	Chesapeake	Bay	water	
quality	from	increases	in	sediment-associated	nutrients	brought	about	by	reservoir	infilling.	

• There	is	no	compelling	reason	to	reduce	sediment	loads	per	se	from	the	Susquehanna	watershed	to	
compensate	for	increased	sediment	passing	out	of	the	Conowingo reservoir.	Nutrients	are	the	main	
problem,	not	sediments.	

• Additional	particulate	phosphorus	load	reductions	from	the	Susquehanna	watershed	(beyond	present	
WIPs)	should	be	considered	to	compensate	for	changes	to	the	Conowingo.	



From	the	STAC	Workshop	on	Conowingo Infill	

• Increases	in	phosphorus	and	sediment	flux	from	the	Conowingo
Reservoir	occurred	despite	observed	reductions	in	the	fluxes	of	
sediment	and	phosphorus	from	the	upriver	Marietta,	PA	gauge	as	
well	as	other	upstream	gauges	and	were	therefore	attributed	to	
Conowingo infill.	
• Infilling	of	the	Conowingo Reservoir	primarily	influences	
particulate	nutrient	delivery,	with	negligible	influence	on	fresh	
water	discharge	or	dissolved	nutrient	delivery	to	the	Chesapeake	
Bay	system.	Most	nitrogen	is	transported	in	dissolved	form.
• Under	low	to	moderately	high	flow	conditions,	it	is	likely	most	of	
the	sediment	loading	from	the	Susquehanna	is	trapped	(and	
buried)	by	processes	at	or	before	the	Estuarine	Turbidity	
Maximum	(ETM).
• There	is	significant	bypassing	of	the	ETM	under	very	high	flow	
conditions,	but	when	and	how	much	remains	to	be	determined.



From	the	STAC	Workshop	on	Conowingo Infill	

• Suspended	solids	loads	produced	by	a	Conowingo scour	
event	are	relatively	non-detrimental	to	Bay	water	clarity	
and	SAV	survival.	
• The	organic	matter	and	nutrients	associated	with	the	
solids	are,	however,	detrimental.		
• This	material	settles	to	the	estuary	bottom	and	is	
mineralized	in	bed	sediments.	Nutrients	are	recycled	to	
the	water	column	and	stimulate	algal	production.		
• As	a	result	of	a	winter	scour	event,	computed	bottom-
water	DO	in	the	subsequent	summer	declines	up	to	0.2	g	
m-3 although	the	decline	is	0.1	g	m-3 or	less	when	
averaged	over	the	summer	season.						



Nitrogen Loads Into, Trapped Within and 
Exiting the Reservoir System: 1990s-2010s

Early 1990’s,  about 20% of N trapped

~170 ~30 ~140

Early 2000’s,  about 10% of N trapped

~160 ~20 ~140

Early 2010’s,  Approaching no net trapping

~130 ~0 ~130

Loads 
Into 
Reservoir 
System
Long term 
improving 
trend

Loads Out of 
Reservoir 
System -
Conowingo
long  term 
improving 
trend

Source: Data from USGS (2016), http://cbrim.er.usgs.gov/loads_query.html
loads are approximate and in units of million lbs/year  using estimates for 1992, 2002, and 2012
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From	the	2016	Conowingo
Infill	Webinar



Early 1990’s,  about 50% of P trapped

~10 ~5 ~5

Early 2000’s,  about 40% of P trapped

~11 ~5 ~6

Early 2010’s, Approaching no net trapping

~8 ~0 ~8

Loads 
Into 
Reservoir 
System
Long term 
improving 
trend

Loads Out of 
Reservoir 
System -
Conowingo
Long term 
degrading 
trend

Source: Data from USGS (2016), http://cbrim.er.usgs.gov/loads_query.html
loads are approximate and in units of million lbs/year using estimates for 1992, 2002, and 2012

Phosphorus Loads Into, Trapped Within and 
Exiting the Reservoir System: 1990s-2010s
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From	the	2016	Conowingo
Infill	Webinar



Early 1990’s, about 60% of Sed trapped

~7 ~4 ~3

Early 2000’s, about 40% of Sed trapped

~8 ~3 ~5

Early 2010’s, approaching no net Sed trapping

~6 ~0 ~6

Loads 
Into 
Reservoir 
System
Long term 
improving 
trend

Loads Out of 
Reservoir 
System -
Conowingo
Long term 
degrading 
trend

Source: Data from USGS (2016), http://cbrim.er.usgs.gov/loads_query.html
loads are approximate and in units of billion lbs/year using estimates for 1992, 2002, and 2012

Sediment Loads Into, Trapped Within and 
Exiting the Reservoir System: 1990s-2010s
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From	the	2016	Conowingo
Infill	Webinar



Updates	to	the	modeling	framework	incorporating	findings	have	led	to	determination	of	additional	load	
reductions	needed.

Dec.	2017	
WQGIT	
Midpoint	
assessment







• In	December	2017	the	idea	of	a	separate	Watershed	
Implementation	Plan	to	address	these	additional	loads	
was	brought	to	the	Principals	Staff	Committee
• Draft	Conowingo Watershed	Implementation	Plan	
released	in	October	2020
• Public	comment	period	ended	January	2021,	final	draft	
CWIP	brought	to	PSC	in	May,	PSC	members	voting	to	
approve	by	email	to	submit	to	EPA,	approval	of	final	CWIP	
anticipated	September
• CWIP	financing	strategy	still	under	development,	draft	
plan	to	be	submitted	in	December	for	implementation	in	
2022
• Also	in	2017	a	series	of	UMCES	reports	prepared	to	
provide	background	prior	to	the	Exelon	relicensing	
agreement	were	released,	followed	by	a	2019	paper



2019	paper	summarizing	the	2017	UMCES	
studies	conducted	to	improve	understanding	in	
advance	of	the	Exelon	relicensing	agreement



• Model	analyses	of	reservoir	sediments	suggest	that	a	substantial	scour	event	(top	5	cm	of	the	
entire	reservoir)	would	contribute	20%	of	P	loads	in	a	TS	Lee-like	storm	and	only	6%	of	N	
loads.

• The	scoured	particulate	N	and	P	loads	that	do	enter	the	Chesapeake	Bay	are	also	highly	
refractory	(turnover	time	»	1	year).

• Particulate	forms	of	N	and	P	that	enter	Chesapeake	Bay	are	efficiently	retained	in	the	upper	
Bay,	especially	near	the	Susquehanna	River	mouth,	due	to	high	sinking	rates	or	trapping	
within	the	ETM	(Sanford	et	al.	2001).

• The	tidal	fresh/oligohaline region	where	the	majority	of	sediments	deposit	has	typically	low	
rates	of	sediment-water	N	and	P	fluxes,	as	a	result	of	high	rates	of	denitrification	(Testa et	al.	
2013),	effective	phosphorus	retention	in	iron-enriched,	oxidized	sediments	(Hartzell et	al.	
2017),	and	low	reactivity	of	the	organic	material.

• Any	scoured	material	that	is	regenerated	in	the	upper	Bay	enters	a	highly	enriched	water	
column	that	is	rarely	nutrient	limited	(Fisher	et	al.	1999).

• Model	simulations	of	scour	events	within	Conowingo Reservoir	have	only	shown	marginal	
impacts	on	dissolved	oxygen	(Cerco 2016).

• Slurrying of	sediments	for	dredging	and	transport	of	dredge	spoil	could	release	high	
concentrations	of	ammonium	to	the	water	column.	This	should	be	studied	further.

From	the	UMCES	July	2017	reports	and	Palinkas et	al.	2019



Key	takeaways	from	the	Palinkas et	al.	abstract:

Loads	entering	the	estuary	are	largely	retained	in	the	upper	Bay	–
but	can	be	transported	farther	downstream	during	large	events	

Reservoir	sediments	are	highly	refractory	and	inputs	of	reservoir-
like	organic	matter	DO	NOT	enhance	modeled	sediment-nutrient	
release	in	upper	Bay	sediments

These	findings	highlight	the	Bay’s	resilience	to	large	sediment	
loads	during	events	such	as	Tropical	Storm	Lee	in	2011,	likely	aided	
by	ongoing	restoration	efforts

While	events	can	have	major	short-term	impacts,	the	long-term	
impact	to	Bay	biogeochemistry	is	less	severe



Data	analysis	using	Weighted	Regressions	on	Time,	
Discharge	and	Season:							WRTDS

Change	from	2009	– 2018			an	increase	of	21%
Change	from	1999	– 2018			an	increase	of	28%		

A	new	problem:	
Bob	Hirsch	
presentation	to	
STAC, Dec.	2019



Possible	explanations:	

Increased	recycling	of	phosphorus	from	the	stored	sediment	in	Conowingo	
Pool	(related	to	changes	in	redox	conditions	in	the	Pool,	or	changes	in	
shear	stress	at	the	bed	due	to	shallower	water)

Changes	in	inputs	from	upstream

A	new	problem:	
Bob	Hirsch	
presentation	to	
STAC, Dec.	2019



Currently:	the	data	set	is	being	analyzed	to	understand	the	changes	better	
including	the	role	of	upstream	inputs	(Zhang,	Hirsch,	and	Ball)

But,	there	are	no	data	that	we	are	aware	of	to	understand	redox	
conditions	in	Conowingo	Pool.		Understanding	the	phenomena	requires	
that	we	know	more	about	processes	in	the	Pool

A	new	problem:	
Bob	Hirsch	
presentation	to	
STAC, Dec.	2019



• Exelon	and	State	of	Maryland	agreed	on	a	relicensing	plan	in	
October	2019
• STAC	submitted	a	comment	in	January	2020	recommending	funds	
from	the	agreement	should	be	committed	to	study	of	
biogeochemical	processes	that	might	lead	to	release	of	dissolved	
orthophosphate	from	the	reservoirs	to	the	upper	Bay





Susquehanna	River	at	
Conowingo,	MD	

Chlorophyll-A

• Chlorophyll	A	concentration	
trends	are	commensurate	with	
observed	PO4	flux	increased

• Trends	are	focused	on	changes	
on	low	to	mid-range	flows

• Given	the	observed	ecological	
response	in	Conowingo	
Reservoir,	one	must	expect	a	
similar	response	occurred	in	the	
upper	freshwater	Chesapeake

Dissolved	PO4	Flux

Chlorophyll-A	concentration

From:	R.	Hirsch

Recent	obsevations - from	Joel	Blomqist,	USGS



Ecological	Changes	In	Conowingo	Reservoir	

Emergence	of	SAV	beds	(early	2000’s?)

Increase	in	Mayfly	swarms
(Timeframe	undocumented)

Photo:	WikipediaPhotos:	J.	Blomquist,	Oct	9,	2013

Fall	die	off



Additional	points	from	Joel	Blomquist:

Nancy	Rybicki (USGS)	conducted	some	preliminary	work	to	try	to	evaluate	
growth	of	submersed	aquatic	vegetation	in	the	three	reservoirs

Goal	was	to	evaluate	whether	dissolved	orthophosphate	trends	might	be	
accounted	for	by	the	increased	SAV	growth,	senescence,	and	released	of	
solutes	upon	decay

According	to	Joel,	this	accounted	for	10%	or	less	of	the	observed	increase

The	jury	is	still	out	on	what	is	happening	and	whether	it	poses	a	risk



Increases	in	orthophosphate	load	and	consequences

The	biggest	unresolved	scientific	questions	that	are	not	being	addressed	by	the	
watershed	partners	are:

• what	is	causing	the	increase	in	orthophosphate	concentrations	coming	from	
the	reservoirs?

• Do	these	have	the	potential	to	cause	problems	with	Harmful	Algal	Blooms?
• What	if	anything	can	be	done	to	mitigate	this	problem	if	it	has	the	potential	
for	serious	consequences?

• STAC	has	already	posted	a	comment	on	the	Exelon	agreement	requesting	
some	funding	of	studies

• USGS	and	partners	have	submitted	grants	to	multiple	funding	sources	and	
have	been	unable	to	get	traction	on	this	issue

• What	else	can/should	STAC	do	to	highlight	this	issue?


