Tech

Conservation

AL

Otsego SWCD

A\

\{

Walter and Merritts 2008



What is “legacy sediment”?

ot

Sheldon Dick, photographer, 1938, for U.S. F-arrﬁ Security Administration (U.S. Library
of Congress, public domain)., Public domain, via Wikimedia Commons

Géodigital, CC BY-SA 4.0, via Wikimedia Common

National Archives and Records Administration ,

Public domain, via Wikimedia Commons

Sources: Griffiths 1979; Knox 1972, 1977, 2006; Walter et al 2007; James 2010, 2013; Livers & Snyder 2025
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How much?

Place Floodplain LS Depth (m) Erosional Depth (in) Author
Kentucky 3 - Parola 2016
Wisconsin 1 - Happ 1944
Piedmont, SC 1 4-6 Happ 1945
Piedmont, MD 1-2 6 Costa 1975
Wisconsin 3.5 - Knox 1977
Wisconsin, upper valleys 0.5 - Knox 1987
Wisconsin, lower valleys 3-4 - Knox 1987
Piedmont, GA 1.6 5 Jackson & Leigh 2005
Wisconsin - 15 Knox 2006
Piedmont, PA - 2.8-7.9(in storage) Walter et al 2007
Coastal Plain 1.8 - Casarim 2010
Raleigh, NC - 50-400x rate increase Wegmann etal 2012
Maine/VT 1.5-25 - Johnson etal 2018

Conestoga Watershed: 475 mi? watershed storing 102x10° tons (Walter et al 2007)



How to identify it?

* Anthropogenic

e Stratigraphic

* Chemical / Isotopic
* Vegetative



ldentification - Anthropogenic

Tire in Otego Creek, Mertz 2024

Mertz, Shadow Brook Mill Dam, Mill St



ldentification - Stratigraphic

Legacy Sediment

e Color and texture of upland soil

* Fine, prominently stratified, poorly formed
* Low in organicC

Holocene wetland

* Mineral and organic Crich

* Massive, well-formed fine soils
* Highin organicC

Basal Gravel
* Variable: fluvial, colluvial, not present

Donovan et al 2016

Variations due to depositional environment and sediment supply

Sources: Happ 1944, 1945; Knox 1987; Knox 2006; PA Tributary Strategy Steering Committee 2007; Walter and Merritts
2008; Merritts et al 2011; Parola et al 2011; Wegmann et al 2012, 2013; James 2013; Donovan et al 2014



Western Run at Mahtia ‘Mill'Road
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ldentification — Chemical / Isotopic
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ldentification - Vegetative

e Buried wetland seed beds, pollen, leaf mats, stumps in growing
position

* Decreased hydrophytic vegetation

Legacy sediments

Pre-legacy sediments

Merritts et al 2011

James et al 2020

Sources: Walter & Merritts 2008; Wegmann et al 2012; James et al 2020



Where did it go?

e Generally: Increased storage volume downstream
 Variations: valley width, stores, backwatering

Volume of
Sediment
ZONE 1 DEPOSITIONAL
Storage N
TRANSPORTATIONAL
ZONE 2 OR EROSIONAL
. ZONE 3 DEPOSITIONAL
Thickness of
Sediment Deposits
Val |E\{ W ! dth Magilligan 1985 420Traveler at English Wikipedia, CC BY-SA 4.0, via Wikimedia

Commons

Sources: Magilligan 1985; Knox 1987; Beach 1994; Jackson & Leigh 2005; Schenk & Hupp 2009;
Casarim 2010; Schenk et al 2012; Donovan et al 2014; Johnson et al 2018
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Where did it go?

Study Location Floodplain Storage Colluvial Storage Transported Outof % LSremoved Source
(% total) (% total) Watershed (% total) from floodplains
Piedmont, MD 14% 50% 36% - Costa 1975
Piedmont, MD 50-60% - 50% - Happ 1945
Wisconsin - - 7-15% - Knox 2006
Piedmont, PA - - - 10% Gutshall 2011
Piedmont, PA/MD - - - 11-23% Miller etal 2019
Minnessota - - - 13-36% Beach 1994

UMV: < % traveled 4km from erosional source (Beach 1994 )



Sources and Sinks

 Modern Era
* Sources:
 Tribs incising + widening into LS
* Upland erosion
* Sinks:

* Higher order valley bottoms

e Sediment yield unchanged! (decoupled)

Sources: McKelvey 1939; Costa 1975; Jacobson & Coleman 1986; Trimble 1987; Knox 1987; Trimble 1999; Jackson & Leigh 2005;
Knox 2006; Hupp et al 2013; Gellis & Brakebill 2013; Smith and Wilcock 2014; Donovan et al 2014; Miller et al 2019
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Sediment lag example

* If upland erosion in Georgia Piedmont stopped
today...
* 6-10,000 years to remove legacy sediment in floodplain

Sources: Jackson & Leigh 2005



Sediment lag

Down-watershed cascade of base-level rise (aggradation) and base-level fall (degradation)

sediment yield to Bay

upland erosion 5-6th order

base level

colonial era today +10%-10° years
-10? years

Sources: McKelvey 1939; Costa 1975; Jacobson & Coleman 1986; Knox 1987; Trimble 1999; Jackson & Leigh 2005; Knox 2006; Hupp et al 2013



Upland improvements

* Since 1930
* Lower order sediment yield down 66-75%
* Middle order deposition down 80%

* Persistent problems:
e Agricultural land sediment lag
e Streambank erosion
 Persistent elevated peak flow

* High order yield remains unchanged

Sources: Costa 1975; Knox 1987; USGS 2003; PA Tributary Strategy Steering Committee 2007;
Gellis & Brakebill 2013; Smith and Wilcock 2014; Donovan et al 2014

Tim McCabe / Photo courtesy of USDA Natural
Resources Conservation Service.

e

oto by and (c)2006 Derek Ramsey (Ram-Man

), €C

BY-SA 2.5, via Wikimedia Commons
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What are its effects?

Base-level rise and fall...
Streambank erosion
Nutrients and pollutants
Hydrologic and Hydraulic
Vegetation and Wetlands

PRE-SETTLEMENT PERIOD

T B T

AGRICULTURAL PERIOD

Livers & Snyder 2025



Streambank erosion

Study Location  Streambank erosion contribution to yield Source
Piedmont, GA 50-80% Jackson & Leigh 2005
Piedmont, PA 30-80% Walter & Merritts 2008
Piedmont, PA 50-100% Massoudieh et al. 2012
Piedmont, GA 75-90% Makundan etal 2010
Piedmont, PA 52% Gellis & Brakebill 2013
Piedmont, NC >50% Wegmann etal 2013
Piedmont, MD 70% (+-50%); 40% legacy sediments Donovan etal 2014

Piedmont 50% Jiang etal 2020
Piedmont 50-100% Lutgen et al 2020

Land Studies, Inc

Low order streams: lower rate, higher total contribution

Sources: Donovan et al 2014; Miller et al 2019



Nutrients and pollutants

e Lower nutrients, higher availability

e Other pollutants: heavy metals, pathogens, etc
* “Legacy” exposure

* Example: Big Spring Run, PA

* Nitrogen: 0.3 to 4.1 lbs/ft/yr
Phosphorus: 0.2 to 1.8 Ibs/ft/yr

Felix Andrews (Floybix), CC BY-SA 3.0, via

Wikimedia Commons

Sources: Walter et al 2007; Niemitz & Lasher 2012; Wegmann et al
2013; Jiang et al 2020; Lutgen et al 2020; Inamdar et al. 2020
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Hydrologic and Hydraulic Effects
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Vegetation and Wetlands

e Upland fill terraces with upland vegetation

* Loss of wetland habitat and ecosystem
functions

Sources: Voli et al 2009; Merritts et al 2011; Parola et al 2011; Sweeney et al 2019; James et al 2020

Fig. 5. Legacy sediment on Greenhorn Creek, California composed of hydraulic gold
mining tailings. High terrace is ~30 m above present channel. At the time of
maximum sediment production, braided channels were graded at the high terrace
level. When mining ceased, the channel incised, although it has not yet returned to
pre-mining levels (James, 1989). Photographed December, 2004 by author.

James 2013



Other alterations

* Burial, straightening, dredging, berming, moving to valley walls
e Straightening increases sediment transport capacity up to 50x

e 70% of Kentucky streams channelized or moved

.... dams

Du Pont, via Internet Archive

Sources: Schumm 1984; Mastin 2008


https://archive.org/download/FarmingWithDynamite/FarmingWithDynamite.pdf

Dams

 1840: 65,000 in Eastern US

L] L]
* Peak mill dam construction from 1780 — 1860
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Valley flat or fill terrace?

* Thinly laminated fines
e Stillwater conditions

Fleming et al 2019

Sources: Walter et al 2007; Walter and Merritts 2008; Fleming et al 2019



Influence of milldams

e Sufficient but not necessary

* Erosion hotspots
e 15% more erosion than non-dammed reaches

* Increased floodplain deposition outside of slackwater

Sources: Hupp et al 2013; James 2013; Wegmann et al 2013; Wohl 2015; Donovan et al 2016; Pearson et al 2016; Johnson et al 2018



Effect of mill dams

* Dictated by:

* spacing of dams

* valley width, gradient
* sediment delivery
* trapping efficiency

dam lifespan

Sources: Donovan et al 2016
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Relevance to Otsego County?

Otsego South-Central PA
Landform Dissected Plateau Piedmont
Glaciation Glaciated Peri-glaciated
Soils (k-factor average) 0.25 0.33
Average Slope (%) 13.6% 7.8%
Annual Rainfall (in) 47.6 44.8
24-hour 1-year storm (in) 2.0 2.5




Mill Dam Relevance

e Otsego, NY: 401 mill dams between 1868 — 1903

* Higher concentration than PA Piedmont
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Otsego Mill Dam Data

Mill Dams Over Time
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Otsego Mill Dam Data

* 4% on DEC dam safety list

Mill Dam Stream Order Types of Water Powered Mills
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Laurens, NY
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Morris Pond




Morris Pond

Morris Pond, 1m DEM Morris Pond, 1m DEM
dam removed (estimate)



Morris Pond

15.86 acre-ft of stored sediment behind
15ft dam
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Not just mill dams

* Watershed size, confluences, unconfined valleys all seem to increase
sediment depths

gl
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Otego Creek




There is no “undisturbed” reference reach

* Brandywine River, Seneca Creek, Watts
Branch, Western Run

e Dams and extensive LS

* Incised meandering streams
e 1-2 year recurrence bankfull flow

Sources: Wolman & Leopold 1957; Schumm et al 1984; Walter & Merritts 2008; Cluer Fluvial Processes in Geomorphology by Leopold, Wolman, and Miller via
Archive.org
and Throne 2014; Parola 2016


https://archive.org/details/fluvialprocesses0000leop/

What’s beneath the sediment?

e Stream-wetland complexes
* Driven by beaver and LWD
* Anastomosing channels

Wegmann

Sources: Ruedemann & Schoonmaker 1938; Naimen et al 1986; Nanson et al 1996; Makakse 2000; Butler & Malanson 2005; Walter and Merritts 2008;
Merritts et al 2011; Polvi & Wohl 2011; Wegmann et al; 2013; Hood and Larson 2014; Cluer and Throne 2014; Wohl 2015; Johnston 2015



What does this mean for restoration?

Wegmann

Raise streambed
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Base-level rise

e Techniques
* PALS, BDAs, Beaver reintroduction

* Benefits
* Floodplain function
* Accelerated recovery (10-100x)

* Pitfalls
* Legacy sediment aquitard
* Potentially unstable

Wegmann

Sources: Shields et al; Pollock et al 2014; Brown et al 2018
Image Attribution: Steve from Washington, DC, USA, CC BY-SA 2.0, via Wikimedia Commons
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Legacy sediment removal (LSR) effects

* Floodplain access
* Flood storage Existing Condition I:> Proposed Restoration

e Reduced shear stress
Groundwater recharge

* Unbury wetland
 Hydrophytic vegetation
* Denitrification
* Hyporheic exchange
Sediment removal

;;//////‘./-/K/d'/k////////////
* Anastomosing morphology II> Natural Condition

PA Tributary Strategy Steering Committee 2007

* Habitat complexity

Sources: Gutshall 2011; Parola et al 2011; Niemitz & Lasher 2012; Parola 2016; Forshay et al 2022; Inamdar et al 2025



Restoration goals

Source

* Thermal pollution * Hyporheic exchange
* Nutrients and sediment * Denitrification and deposition
* Low base flow e Sustained base flow

High peak flow * Floodplain storage



How do we design to these goals?

Stepwise 2-D analysis of shear stress

1. Define floodplain
a) shear stress < vegetation threshold

2. Define baseflow channel
a) bank height < soil capillary fringe
b) bed depth = aquifer elevation
c) shear stress < bed + bank thresholds

3. Add profile controls
a) buried in floodplain
b) sized to maximum shear stress calculated

4. Add pools, woody debris, backwater
channels, etc

Sources: Parola et al 2011; EPA-STAC Workshop 2023; Parola 2016



Project Example - Big Spring Run

 1.68mi? watershed

* Mill dam site

e Bank erosion: 1.1 ft/yr, 0.2 tons/ft/yr
* Silty loam soils

* 50% ag
46% developed
4% forest

Land Studies, Inc

Sources: Walter et al 2007; PA DEP 2014; Langland et al 2020
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 Wetland restored: 4.7 acres
* Floodplain storage: 13.3 acre-ft

Sources: Langland et al 2020; Forshay et al 2022

Langland et al 2020



Big Spring Run — Project Results

Before After Change

Suspended Sediment (mg/L) 556 74 -87%
Total Phosphorus (mg/L) 0.19 0.04 -79%
Groundwater ammonia (pg/L) 71.45 7.1 -90%
Groundwater nitrate - - -18%
Net nitrification - - -50%
e Climited = N limited Waler et 12007

* Increased floodplain access + hydrophytic vegetation

* Increased carbon storage

Sources: Langland et al 2020; Forshay et al 2022; EPA-STAC Workshop 2023 EPA_SAershop 2023



Big Spring Run — Project Results
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Other Projects

o ——— £

Figure 13. Saucon Creek at
Before Restoration

Saucon Valley Country Club —

EPA-STAC 2013

Figure 3. Approximately 1 meter of sandy fine sediment
deposited over the valley bottom was excavated to expose
pre-settlement gravel. Logs were placed over gravel and
were at least partially buried to provide grade control across
the valley bottom and to provide habitat wherever they were
exposed by stream flow.

Figure 4. Slabcamp Creek restored valley bottom and chan-
nel reestablished on pre-settiement gravels. Photo taken
approximately one year after construction.

Parola et al 2011



Review of other project results

Denitrification
* 10x over 3 years
e Carbon limited — Nitrogen limited
* Groundwater nitrate decreased
* Improved by water retention time

Sediment / Phosphorus
* Sediment and total phosphorus reductions

Aquatic Organisms
e 3-4x EPT index
e 2x fish species diversity

Floodplain
* Increased carbon
* Increased floodplain access

* Vegetation
* Increased hydrophytic vegetation and
herbaceous diversity
* Project Scope
e Larger projects more effective
* Negative impacts
* Decreased woody basal area
e Construction turbidity

*Nutrient responses can vary by site, especially
surface water Nitrogen

Sources: Merritts et al 2011; Johnson et al 2016; Langland et al 2020; Inamdar et al 2020; Beauchamp

et al 2020; Forshay et al 2022; Robinson et al 2023; Inamdar et al 2025



Cost Effectiveness

* High upfront cost, “cheap” annualized cost

($sn suol|jiw) 3s0d [enuuy

Figure 5
Annual cost and total restoration acreage required to achieve 5% of Chesapeake Bay
total maximum daily load (TMDL) sediment goal for Pennsylvania agriculture (17 x 10¢ lb
abatement annually).
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Sources: Fleming et al 2019

Figure 2

Cost effectiveness of (a) sediment and (b and ¢) nutrient abatement in the Chesapeake Bay watershed, showing legacy sediment

mitigation versus other management practices.

(a)
- 25
p
=2 $2.17
B o 20
[
35
a3 15
9o
o =
23 10
o £
o35 $0.64
5% 05 $0.48 No
- reduction
8 on fow-till
o 00 $0.03 cropland
Legacy  Grass Forest Wetland Cover

sediment riparian  riparian restoration crops (rye
mitigation  buffer buffer (other sites) drilled
early)

—
)

70

60

$53.97
50

40

30

20

$1388 553  $12.89

0
Legacy Grass Forest  Wetland Cover
sediment riparian  riparian restoration crops (rye

mitigation  buffer buffer (other sites) drilled
early)

nitrogen reduced)

$8.49

Cost effectiveness (US$ Ib™

Cost effectiveness (US$ Ib™

3,500 $3,289

5 3,000

8

S 2,500 $2,442

3% 2,50

2

> 2,000

z

g 1500 — | —s1,28—|

7 1,000

2 No

2 500 reduction

on low-fill

0 19 cropland

Legacy Grass Forest ~ Wetland Cover
sediment riparian  riparian restoration crops (rye
mitigation  buffer buffer (other sites) drilled

early)

Notes: Abatement from buffers, cover crops, and wetland restoration
at sites not characterized as legacy sediment hot spots is from the
Chesapeake Bay Program CAST model under “grain with manure” land
use. Cover crops do not reduce sediment and phosphorus from low-till
cropland. Costs for buffers, cover crops, and wetland restoration are
based on USDA Natural Resources Conservation Service and Farm
Service Agency payment schedules and Wieland et al. (2009).

Fleming et al 2019




Chesapeake Bay Credits

e CAST LSR Credit Calculator:
https://cast.chesapeakebay.net/streamcalculator

* LSR Eligible for credit under Stream Restoration Protocols:

1. Prevented sediment
2. Nutrient processing during baseflow
3. Floodplain reconnection value

Sources: Wood et al 2021


https://cast.chesapeakebay.net/streamcalculator

Project Funding

* Nutrient trading for NPDES compliance

* MS4 / TMDL compliance

* https://www.conservationfinancenetwork.org/2022/01/24/removing-
sediment-to-restore-wetlands-clears-revenue-paths

* Sell excavated topsaoil

Sources: Gutshall 2011; Feibel 2022
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Project Pitfalls

* Uncontrolled sediment supply

* Regulatory compliance -improving

e Upfront cost - cheaper annualized

 Removed sediment disposal - nearby farm fields
 Existing wetlands

* Applicability to other physiographic regions?

Sources: Parola 2016



Next Steps

|dentify mill dam locations v/

Map erosion and legacy sediment hot spots v/

Create field identification sheet for legacy sediment v/

|dentify ideal test sites v/

Sediment sampling for nutrients, pollutants, and geochronology
Sediment budgeting

Pre-restoration monitoring of project site

Site wetland surveys, vegetation surveys

Implement LSR and floodplain restoration project

10. Post-restoration monitoring

O o0 NOUEWNRE



Monitoring

* Only 6% of stream restoration projects in Chesapeake Bay Watershed
have monitoring

* Crucial to understanding LSR effects

Sources: Bernhardt et al 2005



Conclusions

* LSR is a powerful tool

* Only one of many
e upland BMPs still just as if not more important than LSR

* Unlikely to restore “pristine” past
* but we can restore some function

Sources: Miller et al 2019 / Science and Technical Advisory Committee for the Chesapeake Bay Program



N Recommended Sources

. A stream evolution model integrating habitat and ecosystem benefits; Cluer and Throne 2014
. Shifting stream planform state decreases stream productivity yet increases riparian animal production; Venarsky et al 2018
*  Beaver effects
. Beaver-dams as geologic agents; Ruedemann & Schoonmaker 1938
*  The geomorphic influences of beaver dams and failures of beaver dams; Butler & Malanson 2005
*  The beaver meadow complex revisited — the role of beavers in post-glacial floodplain development; Polvi & Wohl 2011
. Ecological engineering and aquatic connectivity: a new perspective from beaver-modified wetlands; Hood and Larson 2014
*  Anastomosing morphology
. Anabranching Rivers: Their Cause, Character and Classification; Nanson et al 1996
. Downstream variation in stream power; Knighton 1999
*  Anastomosing rivers: A review of their classification, origin, and sedimentary products; Makaske 2000
* Legacy sediment and sediment budgets
* Effects of Sedimentation on Floods in the Kickapoo Valley, Wisconsin; Happ 1944
* Acycle of Sedimentation and Erosion in Urban River Channels; Wolman 1967
* Effects of Agriculture on Erosion and Sedimentation in the Piedmont Province, Maryland; Costa 1975
* Decreased Rates of Alluvial Sediment Storage in the Coon Creek Basin, Wisconsin, 1975 — 1993; Trimble 1999
* A Summary report of sediment processes in Chesapeake Bay and Watershed; USGS 2003
* Floodplain sedimentation in the Upper Mississippi Valley: Natural versus human accelerated; Knox 2006
*  Fluvial processes, morphology, and sediment budgets in the Coon Creek Basin, WI, USA 1973-1993; Trimble 2006
* Estimating Volume, Nutrient Content, And Rates of Stream Bank Erosion of Legacy Sediment in the Piedmont and Valley and Ridge Physiographic Provinces, Southeastern and Central Pa; Walter et al 2007
* Legacy Sediment and PA’S Chesapeake Bay Tributary Strategies — An Innovative BMP Proposal; PA Tributary Strategy Steering Committee 2007
* Anthropocene streams and base-level controls from historic dams in the unglaciated mid-Atlantic region, USA; Merritts et al 2011
* Closing the gap between watershed modeling, sediment budgeting, and stream restoration; Smith et al 2011
» Sediment sources and transport in the Chesapeake bay watershed; Gellis & Brakebill 2013
* Legacy Sediment: Definitions and processes of episodically produced anthropogenic sediment; James 2013
* Reassessing the role of milldams in Piedmont floodplain development and remobilization; Donovan et al 2016
* Legacy sediment storage in New England river valleys: Anthropogenic processes in a postglacial landscape; Johnson et al 2018
* Legacy Sediment, riparian corridors, and total maximum daily loads; Miller et al 2019
* Floodplain and Terrace Legacy Sediment as a Widespread Record of Anthropogenic Geomorphic Change ; James et al 2020
* Legacy Sediment: A conceptual model and perspective on the role of dams; Livers & Snyder 2025
*  Legacy sediment removal
. Reestablishing Groundwater and Surface Water Connections in Stream Restoration; Parola et al 2011
. Design principles for restoration of headwater stream-wetland complexes; Parola 2016
. Nutrient retention in restored streams and rivers: A global review and synthesis; Johnson et al 2016
. Forest restoration on floodplains mantled with legacy sediments: removing sediments appears unnecessary for successful restoration; Sweeney et al 2019
. Legacy sediment erosion hot spots: A cost-effective approach for targeting water quality improvements; Fleming et al 2019
. Effects of Legacy Sediment Removal on Nutrients and Sediment in Big Spring Run, Lancaster County, Pennsylvania, 2009-15; Langland et al 2020
. A unified guide for crediting stream and floodplain projects in the Chesapeake bay watershed; Wood et al 2021
. Removing sediment to restore wetland clears revenue paths; Feibel 2022
. Unearthing a stream-wetland floodplain system: increased denitrification and nitrate retention at a legacy sediment removal restoration site, Big Spring Run, PA, USA; Forshay et al 2022
. Legacies lost and found: Improving stream restoration practices: BSR Restoration monitoring experiment; EPA-STAC Workshop 2023
. Functional lift of a headwater stream-wetland complex restoration revealed by a decade of environmental and ecological monitoring; Robinson et al 2023
*  Beaver, BDA, & LWD based restoration
. Using beaver dams to restore incised stream ecosystems; Pollock et al 2014
. Pine Creek Watershed Scoping Plan for restoration: using beaver dam analogs and high-density LWD to initiate process-based stream recovery; Portugal et al 2015
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*Natural Streams and the Legacy of Water-Powered Mills; Walter and Merritts 2008

*Legacy sediment erosion hot spots: A cost-effective approach for targeting water quality improvements; Fleming, Merritts, and Walter (2019)

*Freeze—thaw processes and intense rainfall: the one-two punch for high sediment and nutrient loads from mid-Atlantic watersheds; Inamdar et al 2017

*Stream Restoration for Legacy Sediments at Gramies Run, Maryland: Early Lessons from Implementation, Water Quality Monitoring, and Soil Health; Inamdar et all 2020
*Biogeochemical recovery and role of ancient hydric soils in contemporary floodplain restorations; Inamdar et al 2025

*Phosphorus Legacy: Overcoming the effects of Past management Practices to Mitigate Future Water Quality Impairment; Sharpley et al 2013

*Streambank Legacy Sediments in Surface Waters: Phosphorus Sources or Sinks? (Inamdar et al. 2020)

«Effects of Legacy Sediment Removal on Nutrients and Sediment in Big Spring Run, Lancaster County, Pennsylvania, 2009-15 (Langland et al 2020)

*Legacy Sediment and PA’S Chesapeake Bay Tributary Strategies — An Innovative BMP Proposal; (PA Tributary Strategy Steering Committee 2007)

*Estimating Volume, Nutrient Content, And Rates of Stream Bank Erosion of Legacy Sediment in the Piedmont and Valley and Ridge Physiographic Provinces, Southeastern and Central Pa (Walter et al 2007)
*Decreased Rates of Alluvial Sediment Storage in the Coon Creek Basin, Wisconsin, 1975 — 1993; Trimble 1999

«Contrasting Geomorphic Impacts of Pre- and Post-Columbian Land-Use Changes in Anglo America

«Effects of Agriculture on Erosion and Sedimentation in the Piedmont Province, Maryland; Costa 1975

*Nutrient and heavy metals in legacy sediment: Concentrations, comparison with upland soils, and implications for water quality; Lutgen et al 2020

*Upland sediment supply and its relation to watershed sediment delivery in the contemporary mid-Atlantic Piedmont (U.S.A.); Smith and Wilcock 2014

«Historical valley floor sedimentation in the Upper Mississippi Valley; Knox 1987

*Floodplain sedimentation in the Upper Mississippi Valley: Natural versus human accelerated; Knox 2006

*Floodplain and Terrace Legacy Sediment as a Widespread Record of Anthropogenic Geomorphic Change ; James et al 2020

*Fingerprinting the sources of suspended sediment delivery to a large municipal drinking water reservoir: Falls Lake, Neuse River, North Carolina, USA; Wegmann et al; 2013

*A southeastern piedmont watershed sediment budget: Evidence for a multi-millenial agricultural legacy; Jackson & Leigh 2005

*Reservoir sedimentation rates linked to long-term changes in agricultural land use; McIntyre 1993

*Historical floodplain sedimentation in the Galena River Basin, Wisconsin and lllinois; Magilligan 1985

*The distribution and residence time of suspended sediment stored within the channel margins of a gravel-bed bedrock river; Shalak & Pizzuto 2009

*Natural vs anthropogenic streams in Europe: History, ecology, and implications for restoration, river-rewilding and riverine ecosystem services; Brown et al 2018

*Historic Mill Ponds and piedmont stream water quality: making the connection near Raleigh, North Carolina; Wegmann et al 2012

*Forest restoration on floodplains mantled with legacy sediments: removing sediments appears unnecessary for successful restoration; Sweeney et al 2019

*Reassessing the role of milldams in Piedmont floodplain development and remobilization; Donovan et al 2016

*Sediment contributions from floodplains and legacy sediments to Piedmont streams of Baltimore County, Maryland; Donovan et al 2014

*Legacy Sediment: Definitions and processes of episodically produced anthropogenic sediment; James 2013

*Functional lift of a headwater stream-wetland complex restoration revealed by a decade of environmental and ecological monitoring; Parola et al 2023

*Legacy Sediment in NC Piedmont Headwater Streams: Implications for Water Quality Improvements; Wegmann

*Legacy Sediment in the Piedmont: Past valley aggradation, modern stream erosion, and implications for stream water quality; Wegmann

*Channel head response to anthropogenic landscape modification: A case study from the NC Piedmont, USA with implications for water quality; Atkins et al 2022

*Pine Creek Watershed Scoping Plan for restoration: using beaver dam analogs and high-density LWD to initiate process-based stream recovery; Portugal et al 2015

*A quantitative assessment of channelization in the Appalachian Highland Region; Mastin 2008

*Draining the landscape: how do nitrogen concentrations in riparian groundwater and stream water change following milldam removal?; Lewis et al 2021

«Effects of stream restoration by legacy sediment removal and floodplain reconnection on

*Developing a new stream metric for comparing stream function using a bank-floodplain sediment budget: a case study of three Piedmont streams; Schenk et al 2012

*Anthropocene streams and base-level controls from historic dams in the unglaciated mid-Atlantic region, USA; Merritts et al 2011

*Legacy Sediments in Southeastern United States Coastal Plain Streams; Casarim 2010

*Legacy sediment storage in New England river valleys: Anthropogenic processes in a postglacial landscape; Johnson et al 2018

*Fluvial processes, morphology, and sediment budgets in the Coon Creek Basin, WI, USA 1973-1993; Trimble 2006

*The rise and fall of Mid-Atlantic streams: Millpond sedimenetation, milldam breaching, channel incision, and stream bank erosion; Merritts et al 2013

*The Piedmont landscape of Maryland: A new look at an old problem; Costa & Cleaves 1983

*Anthropocene streams and base-level controls from historic dams in the unglaciated mid-Atlantic region, USA; Merritts et al 2011

*Alluvial sedimentation and erosion in an urbanizing watershed, Gwynns Falls, Maryland; Colosimo and Wilcock 20017

*Bank erosion of legacy sediment at the transition from vertical to lateral stream incision; Lyons et al 2015The Big Spring Run restoration experiment: policy, geomorphology, and aquatic ecosystems in Big
Spring Run watershed, Lancaster County PA; Hartanft et al 2011

*Unearthing a stream-wetland floodplain system: increased denitrification and nitrate retention at a legacy sediment removal restoration site, Big Spring Run, PA, USA; Forshay et al 2022
*Nutrient retention in restored streams and rivers: A global review and synthesis; Johnson et al 2016

*A unified guide for crediting stream and floodplain projects in the Chesapeake bay watershed; Wood et al 2021

*A Summary report of sediment processes in Chesapeake Bay and Watershed; USGS 2003

*Legacy sediments and historic land use: Chemostratigraphic evidence for excess nutrient and heavy metal sources and remobilization; Niemitz & Lasher 2012

*Legacy effects of colonial millponds on floodplain sedimentation, bank erosion, and channel morphology, mid-atlantic, USA; Schenk & Hupp 2009

sLegacy sediments and stream water quality: estimating volume, nutrient content, and stream bank erosion in 303(d)-Impaired waterways of the North Carolina Piedmont; Wegmann et al 2013
Legacy effects on sediments in river corridors; Wohl 2015

«Critical Evaluation Of How The Rosgen Classification And Associated “Natural Channel Design” Methods Fail To Integrate And Quantify Fluvial Processes And Channel Response; Simon Et Al 2007
*DISCUSSION — “Critical Evaluation of How the Rosgen Classification and Associated “Natural Channel Design” Methods Fail to Integrate and Quantify Fluvial Processes and Channel Responses” by A. Simon,
M. Doyle, M. Kondolf, F.D. Shields Jr., B. Rhoads, and M. McPhillips1; Rosgen 2008

mertzr@otsegosoilandwater.com - contact me for help finding papers and my complete notes on all sources

*Closing the gap between watershed modeling, sediment budgeting, and stream restoration; Smith et al 2011

«Influence of run of river dams on floodplain sediments and carbon dynamics; Pearson et al 2016

*Recent and historic sediment dynamics along Difficult Run, a suburban Virginia Piedmont stream; Hupp et al 2013
*Sediment sources and transport in the Chesapeake bay watershed; Gellis & Brakebill 2013

*Suspended-sediment data for streams draining the Chesapeake bay watershed, water years 1952-2002; Gellis et al 2005

*Streambank legacy sediment contributions to suspended sediment-bound nutrient yields from a mid-Atlantic, Piedmont watershed; Jiang et al

«Sediment and nutrient loads from stream corridor erosion along breached millponds; Merritts et al 2010

*Sources of fine-grained sediment in the Linganore Creek watershed, Frederick and Carroll Counties, Maryland, 2008-10; Gellis et al 2015

*Sedimentation in South Carolina Piedmont valleys; Happ 1945

«Stratigraphy and recent evolution of Maryland Piedmont Flood Plains; Jacobson & Coleman 1986
*Sustain Magazine Spring/Summer 2011

*Removing sediment to restore wetland clears revenue paths:

shttps://www.conservationfinancenetwork.org/2022/01/24/removing-sediment-to-restore-wetlands-clears-revenue-paths; Feibel 2022

*Downstream fining in a network of gravel-bedded rivers; Pizzuto 1995

*Downstream fining in a rapidly aggrading gravel bed river; Gozel et al 2001

*Human Impacts on Wisconsin Stream Channels; Knox 1977

*On "Valley Floor Sedimentation in the Upper Mississippi Valley" by Knox; Trimble 1987

*On Why Gravel Bed Streams Are Paved; Parker & Klingeman 1982

*Equal mobility of gravel in streams: The remains of the day; Parker & Toro-Escobar 2002

*Particle size variations between bed load and bed material in natural gravel bed channels; Lisle 1995
«Size-Selective Entrainment of Bed Load in Gravel Bed Streams; Ashworth & Ferguson 1989

*Fate of 150 year old beaver ponds in the Laurentian Great Lakes Region; Johnston 2015

*Ecological engineering and aquatic connectivity: a new perspective from beaver-modified wetlands

*A tool for beaver dam analog design; Shields et al

*Using beaver dams to restore incised stream ecosystems; Pollock et al 2014

*Effects of Sedimentation on Floods in the Kickapoo Valley, Wisconsin; Happ 1944

*The geomorphic influences of beaver dams and failures of beaver dams; Butler & Malanson 2005
*Beaver-dams as geologic agents; Ruedemann & Schoonmaker 1938

*Legacy Sediment: A conceptual model and perspective on the role of dams; Livers & Snyder 2025
*Ecosystem alteration of boreal forest streams by beaver

*Legacy Sediment, riparian corridors, and total maximum daily loads; Miller et al 2019

*The beaver meadow complex revisited — the role of beavers in post-glacial floodplain development; Polvi & Wohl 2011
*Design principles for restoration of headwater stream-wetland complexes; Parola 2016

*Restoring Coho Salmon in the Klamath River, one beaver at a time; Harling et al

A stream evolution model integrating habitat and ecosystem benefits; Cluer and Throne 2014

ewater quality and riparian vegetation; Beauchamp et al 2020

*Anabranching Rivers: Their Cause, Character and Classification; Nanson et al 1996

*Shifting stream planform state decreases stream productivity yet increases riparian animal production; Venarsky et al 2018
*Downstream variation in stream power; Knighton 1999

*Channel stability and sediment source assessment in streams draining a Piedmont watershed in Georgia, USA
«River floodplains: Some observations on their formation; Wolman and Leopold 1957

*Hydrodynamic processes in sharp meander bends and their morphological implications; Blanckaert 2011
«Can large rivers be restored?; Gore and Shields 1995

*Anastomosing rivers: A review of their classification, origin, and sedimentary products; Makaske 2000
Legacies lost and found: Improving stream restoration practices: BSR Restoration monitoring experiment; EPA-STAC Workshop 2023
*A history of a stolen river; Johnson

*The Kankakee River Yesterday and Today; Ivens et al 1981

*Urban and Rural Industrial Sites of Central New York: A surface survey; Thomas 2015

A cycle of Sedimentation and Erosion in Urban River Channels; Wolman 1967

*Trails through the First Frontier; Thomas 2015

*Mill Hamlets of the Oaks Creek Valley, 1786-1956; USDI NPS 2006

A History of Cooperstown; Cooper 1929

*Synthesizing US River Restoration Efforts; Bernhardt et al 2005

*Recollections of an Early Mill Town Toddsville; Gardner 1974

*The sociological predicament; Thomas 2025

*The Doubleday Corridor: An exploration in long term planning; Thomas 2014

*Roughness characteristics of natural channels; Barnes 1967

*Vermont stream geomorphic assessment; VT Agency of Natural Resources 2004

*Restoring coho salmon in the Klamath river, one beaver at a time; Harling

eLegacy Sediment and PA’s Chesapeake Bay Tributary Strategies — An Innovative BMP Proposal; Hartranft 2007
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If there’s time...



Updated Stream Evolution Model (SEM)
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LS Effects on Channel Dimension

* Low order streams — wider and shallower

 bedload dominated

* High order streams — narrower and deeper

* suspended sediment dominated

Sources: Knox 1977
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Anastomosing Streams
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Anastomosing Remnants

e 80+ year-old log-jam on Schenevus Creek
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e g Dam.

Trapping Efficiency L e

* Never 100%

 Low-head dams on low order streams
have TE of 40-80%

 Multifactorial

Sources: Gellis et al 2005; Merritts et al 2011

Gellis et al 2005



Bed mobilization

SR i o

- Shadow Brook, 2025

PA Tributary Strategy Steering Committee 2007 Mertz
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