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BSR	Legacy	Sediment	Removal	–
Floodplain-Wetland	Ecosystem	Restoration
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Stream	Restoration	Targets*	
Applied	to	Big	Spring	Run

i. Reduce	suspended	sediment	 load		- reduce	TSS	&	TP

ii. Increase	surface	water	retention	time	on	floodplain

iii. Add	DOC	– enable	frequent	overbank	flow	to	interact	with	DOC

iv. Attenuate	flows	– slow	water	velocity

v. Reconnect	floodplain	wetlands	with	surface	water	
and	groundwater	– enable	denitrification	of	NO3-N	(via	ii-v)

*Recommendations	of	EPA/CBP	Expert	Panel	on	Stream	Restoration	(2014)
Sections	3.2	and	3.3
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BSR	Sediment	and	Nutrients

1. Composition	 of	Streambanks	and	Upland	Soils
2. Pre-restoration	sources	of	sediment	 (suspended	sediment	 load)
3. Pre-restoration	nitrogen	and	phosphorus	dynamics
4. Post-Restoration	sources	of	sediment	 (deposition	on	floodplain)
5. Post-restoration	nitrogen,	phosphorus	and	carbon	processing
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0	0														0.25												0.5	km Geomorphology-Hydrogeology:
Q,	T,	flow,	pH,	DO,	DOC,	N,	P,	Sed
Regional	 Soil	Fingerprinting
3	USGS	gage	stations	(		)
3	ISCO	samplers
3	Turbidity	sensors
18	USGS	In-stream	piezos
29	EPA	shallow	GW	wells
2	Live-feed	webcams
6	Time-lapse	 cameras

Pre-Restoration	Monitoring	– 2008-2011

NCALM	Lidar	DEM
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N

Restoration	Reach
(1000	m	stream	length)
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Big Spring Run Trench 3
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Big Spring Run Trench 3
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Pre-Restoration	Orotho-Phosphate	in	Stream	Banks
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Pre-Restoration	Surface	Water	Nitrate-N	differs	by	branch,	
and	mixes	to	an	average	concentration	in	the	Main	Stem
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Pre-Restoration	Nitrate	and	DOC	are	inversely	
related	– due	to	denitrification?
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Pre-Restoration	buried	hydric	soils	have	greater	DeN rates	and	DeN
potential	than	Legacy	Sediments.

Error	bars	± 1	s.e.
n	=	72	p<0.05

Source:	Forshay et	al	2016	(Ecological	Society	of	America)



Pre-Restoration	Denitrification	Potential	of	Buried	Hydric	Soil
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Total	C	&	N	in	Stream	Bank	Sediments

%C

%N

Weitzman 2011, MSc Thesis, Penn State University; and Weitzman et al., 2014, Potential nitrogen and carbon 
processing in a landscape rich in milldam legacy sediments. Biogeochemistry, 120, pp 337–357



Weitzman 2011, MSc Thesis, Penn State University; and Weitzman et al., 2014, Potential nitrogen and carbon 
processing in a landscape rich in milldam legacy sediments. Biogeochemistry, 120, pp 337–357

Nitrification	Potential	of	Stream	Bank	
Sediments



Weitzman 2011, MSc Thesis, Penn State University; and Weitzman et al., 2014, Potential nitrogen and carbon 
processing in a landscape rich in milldam legacy sediments. Biogeochemistry, 120, pp 337–357



Weitzman 2011, MSc Thesis, Penn State University; and Weitzman et al., 2014, Potential nitrogen and carbon 
processing in a landscape rich in milldam legacy sediments. Biogeochemistry, 120, pp 337–357



Pre-Restoration	Suspended	Sediment	Load	and	Source	Study

One	day	after	Hurricane	Hanna,	September	7,	2008 21
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Pre-Restoration	2-D	Hydraulic	Modeling

Art	Parolaand	Dorothy	Merritts
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Narrow	culvert	
under	farm	bridge

Oxbow	cutoffs
(inset	point	bars)

For	video	link	see:	
http://www.bsrproject.org/visualizations.html

Key	Observations:	
(1) Floodwater	rarely	goes	

over	bank,	and	when	it	
does,	it	does	so	due	to	
constriction	at	a	culvert	
and	in	low-elevation	
oxbow	cut	offs.

(2) Shear	stresses	are	high.



Inset	Point	Bars

“Floodplain”

1.	Tile	pads	installed	on	legacy	
sediment	terrace	three	years	
prior	to	restoration.

2.	80-100%	of	deposition	on	
“tile	pads”	on	inset	point	bars	
is	from	bank	erosion.

%	Bank	Erosion

3.	No	deposition	on	tile	pads	
on	“floodplain”	(i.e.,	on	legacy	
sediment	terrace).

Pre-Restoration	Tile	Pad	Experiment	– Where	Did	Deposition	Occur?	
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BSR	Sample	Sites	for	Fingerprint	Study

Stream	Bank	Sediments Upland	Soils

25



Big	Spring	Run	Pre-Restoration	Stream	Bank	Sampling

26

Zach	Stein	and	Eric	Ohlson,	June	5,	2007,	BSR	Site	1



Trace	Element	Sediment	Fingerprinting

Bayesian	 Inference	Analysis
(Massoudieh et	al.,	2012) 27



Pre-Restoration	Sediment	Sources	– Dot	Plots

XRF	(9	major	and	20	trace	elements)	 +	ANOVA	+	Bonferroni

Upland Upland

Bank & 
Suspended

Bank & 
Suspended

B = 
U = 
S = 
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Pre-Restoration	Sediment	sources	– DFA
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Pre-Restoration	Sediment	Sources	–Mixing	Model



Isotope	Systematics	of	210Pb,	137Cs	and	7Be

210Pb	T1/2 =	22.3	yr

137Cs	T1/2 =	30.2	yr

7Be	T1/2 =	53.1	d

137Cs	at	5	T1/2 =	151	years	(AD	2114)
32



137Cs	Fallout	from	Bomb	Tests	in	US

Bq m-2



137Cs	Fallout	from	Global	Bomb	Tests

Bq m-2

In	1963,	three	(UK,	US,	Soviet	Union)	of	the	four	nuclear	states	signed	the	Limited	Test	Ban	Treaty,	pledging	to	refrain	
from	testing	nuclear	weapons	in	the	atmosphere,	underwater,	or	in	outer	space.	France	continued	atmospheric	
testing	until	1974,	and	China	continued	until	1980.	Neither	has	signed	the	treaty



How	137Cs	Data	Are	Used

Walling	and	Quine	1990
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Note:	The	aggregate	“legacy	
sediment”	stream	bank	137Cs	
value	is	not	zero	(~1.0-3.0	x10-3	
Bq/g)!!	
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Post-Restoration	Tile	Pad	Study	
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Distribution	 of	C,	NO3,	PO4 &	Sediment	 on	the	Restored	 Floodplain



Walter	et	al.,	2017

BSR	Suspended	Sediment	Study

One	day	after	Hurricane	Hanna,	September	7,	2008

40

Key	Outcomes

1. 85-100%	of	 pre-restoration	and	post-
restoration	suspended	sediment	storm	
load	from	stream	bank	sources.	

2. Consistent	with	trace	element	data.

3. Upland	farm	slopes	contribute	little	soil	
to	the	suspended	sediment	supply.



Big	Spring	Run	Before	Wetland	Restoration

Typical	Existing	Conditions	(April	2005)	–Three	Years	of	Pre-RestorartionMonitoring	(2008	to	2011) 41



Big	Spring	Run	After	Wetland	Restoration

November 2011 – Six Years of On-Going Post-Restoration Monitoring (2011 to Present) 42



Big	Spring	Run	Floodplain	Wetland	Restoration

Restoration	Completed	November	2011- Designed	and	Engineered	by	LandStudies Inc. 43
For	video	link	see:	http://www.bsrproject.org/visualizations.html



Big Spring Run Floodplain Wetland Restoration

June 2012 44



• Sediment	Removed:	~21,955	tons

• Sediment	Source:	85-100	%	from	banks	(~100%	

from	within	restoration	reach)	before	restoration

• Sediment	Load	Reduction:	~150	tons/yr

• Total	P	Removed:	~50,500	lbs

• Total	Sorbed P	Removed*:	~35,128	lbs

• Total	N	Removed:	~63,600	lbs

• Nitrate	Reduction:	15%	in	base	flow

• Total	P	Reduction:	26%	in	storm	flow

• Carbon	Storage:	7,300	lbs/yr

• Water	Storage:	2.7	million	gallons	inc. (50	%)

• Groundwater:	10%	more	output

• Up/Down	Peak	Delay	in	flow:	17	min	inc.

• Surface	Water	T:	~8-15°C	drop
• Biological	Indicators:	Shift	from	upland	dominated	

to	aquatic	ecosystem	dominated	floodplain	area	
based	on	biological	indicators	- vascular	plants,	
diatoms,	amphibians.	

Big	Spring	Run	Floodplain/Wetland	 Restoration	Outcomes	 (2008-2017)

NCALM	lidar DEM

Restoration	
Reach

For	more	information	see:	http://www.bsr-project.org/
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Big	Spring	Run	Site	1

Before	Excavation	9/13/11 After	Excavation	9/28/11

Observation	 1:	Remove	the	impairment…	the	eroding	stream	banks	that	
contribute	to	high	suspended	 sediment	and	nutrient	loads.
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Big	Spring	Run	Site	1

Before	Excavation	9/13/11 After	Excavation	6/18/13

Observation	 1:	Remove	the	impairment…	the	eroding	stream	banks	that	
contribute	to	high	suspended	 sediment	and	nutrient	loads.
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Big	Spring	Run	Site	1

Before	Excavation	9/13/11 After	Excavation	9/28/11

Observation	 2:	Reconnect	the	groundwater	and	spring	flow	with	a	low,	
hydric	floodplain.	Increase	hyporheic exchange

48



Big	Spring	Run	Site	1

Before	Excavation	9/13/11 After	Excavation	6/18/13

Observation	 2:	Reconnect	the	groundwater	with	a	low,	hydric	floodplain.	
Increase	hyporheic exchange
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Wetlands	and	Their	Value

Ecosystem	services		they	
provide:

• Habitat	for	fish	and	
wildlife	 (e.g.,	Bog	Turtles)

• Improved	water	quality
• Storing	floodwaters
• Maintaining	surface	water	
flow

• Provide	Denitrification
• Reduce	surface	water	T	

Observation	 3:	Rejuvenate	 the	ecological	 function	of	the	buried	wetland.	

Banta Restoration (2004) on Lititz Run, Warwick Twp., Lancaster Co., PA
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Pre-Restoration	
Flow	Model

Post-Restoration	
Flow	Model

Art	Parola,	Univ.	Louisville
Dorothy	Merritts,	 F&M

Bridge	Crossing	&	
Narrow	Culvert

Abandoned	
Oxbows

51
For	video	link	see:	http://www.bsrproject.org/visualizations.html

Key	Observations:	
(1) In	the	restored	

condition,	floodwater	
goes	over	bank	
frequently	and	at	low	
flow.	

(2) Shear	stresses	are	low.



Big	Spring	Run	Floodplain	Wetland	Restoration

Storm	of	18	September	2012 52
For	video	link	see:	http://www.bsrproject.org/visualizations.html
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Legacy	Sediment	Removal	Decreases	 Peak	Summer	Surface	Water	Temperature	by	Nearly	20° F

Presumably	due	to	the	“daylighting”	of	
springs	by	legacy	sediment	removal.



66.0

63.5 63.7

61.7

59.2

56.3

56.3

59.0
66.2

84.2 58.8

9/7/16	(Air	T	=	90°F)	

54



BSR	Restoration	Experiment	
Research	and	Funding	Partners
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