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Upper Midwest and Great Lakes Studies
Sediment & Sediment-P
Fingerprinting/Budget Studies
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Sediment Fingerprinting
and Budget Studies
Objectives

* |dentify the main sources of suspended and streambed
sediment and sediment-bound phosphorus from the
watershed, including stream corridor sources and sinks.

* If available, fit results with watershed TMDL models and
stream monitoring/loads data.

* Describe spatial and temporal variability in sources and
sinks.

* Provide findings to land conservation and water
resource managers for decision making.




Sediment Fingerprinting Approach in the TMDL

process

 Asediment fingerprint is the combination of chemical

| Identify problem |

l

Develop numeric Source

targets assessment

‘ tracers that best distinguish between the sediment sources

l |

Link targets and
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* Identify the relative proportion of each sediment source in a
target sample, usually fine-grained, fluvial sediment

EPA Sediment Fingerprinting Manual
(Gellis, Fitzpatrick and Schubauer-
Berigan, 2016)

Sed fingerprinting tool (Gorman-
Sanisaca, Gellis, and Lorenz, 2017)

Prepared in cooperation with the U.S. Environmental Protection Agency
Stream
A Manual to Identify Determining the Sources of Fine-Grained Sediment Using
Sources of Fluvial Sediment corridor Upland the Sediaant Somes Arssasment Tosh Sed. SAT)

\/

[ Fluvial Sediment }
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Approach: Little Fork Sediment Sources, Sinks,
and Output
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Little Fork Rapid Geomorphic Assessments

Ephemeral to perennial channels with representative stream order and slopes
Measure eroding banks and soft sediment deposition

Measure channel morphology

Reconnaissance level geomorphic and sediment process indicators

Collect soft sediment and eroding bank samples for fingerprinting

Reach-scale results applied to stream network-based corridor budget



Little Fork Sediment Budget
Development - Approach

Selection of representative reaches — ephemeral and perennial
channels

Range of stream order, channel slope, valley side slopes, and
riparian land cover

Collection of field measurements of bank erosion and soft
streambed sediment deposition via rapid geomorphic
assessments in summer 2021 (drought)

Build a representative channel network in a geographic
information system

Apply reach results for bank erosion and sediment deposition
to the entire network

This study wanted to especially characterize ravine erosion
46% of basin is wetlands, with 19% peat bogs
Fitzpatrick, F.A., Sterner, S.P., Baker, A.C., Soderman, S.S., Gran, K.B., Kasun, A.P., Kennedy, M.J., Norvitch, P.,

Anderson, J.P., and Gutzmann, M.E., 2023, Stream Corridor Sediment Budget for Watershed Sediment Source
Apportionment for the Forested Little Fork River, Minnesota: Federal Interagency Sedimentation and Hydrologic

% Modeling Conference (SedHyd) 2023 Conference Proceedings, May 8-12, 2023, St. Louis, MO, 71.pdf
s

(sedhyd.org)
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https://www.sedhyd.org/2023Program/1/71.pdf
https://www.sedhyd.org/2023Program/1/71.pdf

Sediment Budget Methods —
Field Measurements of Erosion and Deposition

Inputs Storage
BANK (SOURCE INPUT)

i

V=LxWxT

L = Length of eroding bank (m) L = Length of soft sediment (m)

H = Height of eroding bank (m) W = Width of soft sediment (m)
R = bank retreat rate (cm/yr)* T = thickness (m)

V = volume of eroded sediment (m”"3/yr) V = volume of stored soft sediment (m#3)

ZUSGS
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Sediment Budget Methods —
Estimating Erosion Rates

Lateral Recession

Rate ft/yr
(cm/yr) Category Description
0.01-0.05 Slight Some bare bank but active erosion not readily apparent. Some rills but no
(O 3.1 5) vegetative overhang. No exposed tree roots.
0.06-0.2 Moderate Bank is predominantly bare with some rills and vegetative overhang. Some
(1 3—6 0) exposed tree roots but no slumps or slips.
0.3-0.5 Severe Bank is bare with rills and severe vegetative overhang. Many exposed tree
(7 0— 15) roots and some fallen trees and slumps or slips. Some changes in cultural
’ features such as fence corners missing and realignment of roads or trails.
Channel cross section becomes U-shaped as opposed to V-shaped.
0.5+ Very Bank is bare with gullies and severe vegetative overhang. Many fallen
(>15) severe trees, drains and culverts eroding out and changes in cultural features as

above. Massive slips or washouts common. Channel cross section is U-
shaped and stream course may be meandering.

Natural Resources Conservation Service Wisconsin 2016. Streambank Erosion Prediction: Field Office Technical Guide, United States Department of Agriculture. Retrieved January 18, 2022 from

w5 https://efotg.sc.egov.usda.gov/#/state/WI.
2 USGS
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https://efotg.sc.egov.usda.gov/#/state/WI

Sediment Budget Methods —
Estimating Sediment Density

Soil Texture Volume-Weight (Pounds/ft®)
Gravel 110
Sand 105
Fine Sandy Loam 100
Loamy Sand 100
Sandy Loam 100
Loam 90
Sandy Clay Loam 90
Clay Loam 85
Silt Loam 85
Silty Clay 85
Silty Clay Loam 85
Silt 80
Clay 65
Organic 22

Natural Resources Conservation Service Wisconsin 2016. Streambank Erosion Prediction: Field Office Technical Guide, United States Department of Agriculture. Retrieved January 18, 2022 from
https://efotg.sc.egov.usda.gov/#/state/WI.

Peppler, M.C. and Fitzpatrick, F.A. 2018. “Collection methods, data compilation, and lessons learned from a study of stream geomorphology associated with riparian cattle grazing along the Fever River,
University of Wisconsin Platteville Pioneer Farm, Wisconsin, 2004—-11,” U.S. Geological Survey Open-File Report 2016-1179.

a USGS
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https://efotg.sc.egov.usda.gov/#/state/WI

Little Fork GIS-based Stream
Network Sediment Budget

* Built new stream network from
hydro-enforced 10-m Digital
Elevation Model using a
watershed threshold of 0.02
square kilometers.

* added 3 stream orders of
headwater channels not
covered by the National
Hydrologic Dataset (USGS,
2018)

* Divided into 60-m segments and
calculated channel slope, valley
side slopes, stream order, and
drainage area.

* Ravine channels could be
distinguished from headwater
wetland swales based on channel
slopes and presence of steep side
slopes

= USGS

science for a changing world FithatriCk et al., 2023
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Explanation

* RGA Ravine 8 Site

Generated Stream
Network

== NHDPlus Flowline

USGS The National Map: National HydrogfaphyDataset. Data refreshed July,

& 2022

Little Fork watershed, Minnesota
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Active Geomorphic Process Zone/
Channel migration zones buffer determination

Channel centerline

Active meander belt width = 8 x BFW

|
|
|
|
|
|
GIS buffer 4 x BEW each side from centerline I GIS buffer 4 x BEW each side from centerline
Minimum buffer 30 m : Minimum buffer 30 m

:

|

|

1% AEP flood inundation hazard zone
Floodplain Bankfull channel Width (B}FW) Floodplain

Chan:nel
I

a USGS
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Sediment Budget Development -- channels

o Channel = concentrated flows with a visible bank and
bed. Transition from gullies in steep areas. Can be
ephemeral, intermittent, or perennial

« Typically processes along ephemeral channels are
missing from watershed models and TMDLs

« Many of these channels are hiding in the woods,
ready to give to downstream areas during floods.

Mean flow velocity

Ko\ [ =
\ S / \\\\\ Cross-sectional
) \ \\ area

i N — A \\\\
N\ Channel RN
K\\Xslope \\ \

3 < \ \\ B N N
= Width T

J
\\ \\\ Depth —/ ‘
Wetted perimeter {

Discharge = Cross-sectional area x Mean flow velocity
Hydraulic radius = Cross-sectional area/wetted perimeter

Figure 6.1 Basic channel parameters. After Summerfield (1991).

ZUSGS
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+ Rainfall

Vadose zone

Groundwater

Streamflow

Types of drainage lines
@ interrill @ rill @ gully @ incised channel - discontinuous
® incised channel - continuous

Incised channel forms
® primary headcut ® secondary headcut © intact valley fill

Figure 4.8 Channelised flow. Rills and gullies develop on hillslopes, whereas incised and discontinuous chan-
nels form on valley floors. Incision is initially triggered by a primary headcut. Subsequent bed level adjustments are
induced by secondary headcuts. Modified from Schumm et al. (1984) (Fig 6.7). © Water Resources Publications.
Reproduced with permission.
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SOIL EROSION CONTROL IN WISCONSIN
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Little Fork Bank Erosion

Sources of sediment—ravines, banks, terraces, and valley sides

* Erosion rates measured at Rapid
Geomorphic Assessment (RGA) reaches
were as high as 900 Mg per kilometer per
year

* High erosion rates, and steep channel
slopes were notable for ravines along the

main stem
1,200
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=T1]
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% USGS Fitzpatrick et al., 2023
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Examples of highest erosion rates in a Little Fork

main stem and ravine

= USGS
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Post-glacial knickpoint migration?
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Little Fork Soft Sediment Deposition

* Soft sediment deposition was highly
variable and depending on the where the
RGA was located relative to beaver activity

* Used mean values for both beaver and no
beaver reaches based on stream order and

slope
* Highest value was from a RGA with a beaver
impoundment
1,200
£ * No beaver
< 1,000
s O Beaver impacted
< 800
c
()]
E 600 O
=
Q
2 400
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200 ®
0
0
% USGS Stream order

science forachangingworld - Fitzpatrick et al., 2023
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Little Fork Sediment Budget Summary

Stream Level ValleySides  Channel Slope Total Length Erosion Bed Deposition Deposition : Erosion
(Units) Steep (>15%) % km Mg/year Mg/km/year Mg Mg/km Years

Headwaters No <1 23,000 1,600 0 400,000 17 250
Headwaters No 1-2 2,500 160 0 11,000 5 69
Headwaters No >2 1,800 12,000 7 1,800 1 0
Headwaters Yes <1 620 3,600 6 15,000 25 4
Headwaters Yes 1-2 190 10,000 53 S60 5 0
Headwaters Yes >2 880 52,000 60 730 1 0
Perennial Tributaries No <1 1,100 8,400 7 170,000 150 20
Perennial Tributaries No 1-2 36 77 2 1,500 41 20
Perennial Tributaries No >2 12 59 5 630 51 11
Perennial Tributaries Yes <1 340 12,000 35 35,000 100 3
Perennial Tributaries Yes 1-2 42 5,700 140 1,800 42 0
Perennial Tributaries Yes >2 20 4,300 210 860 43 0
Mainstem No <1 22 1,300 58 1,500 70 1
Mainstem No 1-2 0 2 22 3 35 2
Mainstem No >2 0 0 0 0 0 0
Mainstem Yes <1 220 22,000 100 14,000 63 1
Mainstem Yes 1-2 5 470 93 54 11 0
Mainstem Yes >2 1 140 97 5 4 0
Total 30,789 133,807 654,842 5

USGS
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Fitzpatrick et al., 2023



Sediment Fingerprinting with Sed_SAT Tool

Transform non-normal data by tracer within each source group (Shapiro-Wilk test)

!

Remove outliers in each source type (3 standard deviation rule)

|

Normalize data based on grain size and organic content
\
Bracket fluvial samples by sources (ensure tracer conservativeness)
\

Transform non-normal data for each tracer grouped by all sources (Multivariate normality test)

Prep data
for analysis
)

~—

;.4 USGS Sed fingerprinting tool (Gorman-
‘ Sanisaca, Gellis, and Lorenz, 2017)
science for a changing world



Sed SAT Error Analyses Tools

e Confusion Matrix — Percentage of source samples correctly
classified by the final set of tracers in the stepwise discriminant
function analysis

e Source Verification Tests (SVT) — Runs each source sample as a
target sample and checks for possible misclassification as another
source.

* Monte Carlo leave-one-out cross validation — leaves one source
sample out and repeats unmixing model for each target sample.
Look for standard deviation of all runs of less than 5%.

)

.‘é USGS Sed fingerprinting tool (Gorman-
Sanisaca, Gellis, and Lorenz, 2017)

science for a changing world



Possible sources: industrial
commercial, residential,
green space, streambank

Targets — soft streambed sediment and
suspended sediment

Kinnickinnic River,
Milwaukee, Wisconsin
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Sediment Budget

Basi Stream Bankerosion Bank erosion Streambed  Streambed
asin length (mT/yt) sedP (kg/yr) sediment sedP (kg)
(km) (mT)
JP (north)
Branch 54 6oo 370 170 46
WEPC (south)
B I 12.5 75 97 210 300
Full networkat  35.2 1100 780 470 470
streamgage

Kinnickinnic TMDL

* TSS—TMDL estimated 2400 mT/yr
TP -TMDL estimated 5800 kg/yr
a2 USGS
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Milwaukee, Wisconsin
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o Kinnickinnic River,

V USGS streamgage 040877159 \ [ : : :
I VTR VI TH AR | Milwaukee, Wisconsin

& Streamgage (outlet)
’:1\: __mm Possible sources: industrial commercial, residential,
© fackson ParkJP) ™ green space, streambank
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Proportional Source Contribution over Study Period




Kinnickinnic River Source Verification
[ i e ) e [ i [l [ [

a USGS
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J Soils Sediments
DOI 10.1007/s11368-013-0771-6

WATERSHED SEDIMENT SOURCE IDENTIFICATION: TOOLS, APPROACHES, AND CASE STUDIES

Sediment source analysis in the Linganore Creek watershed,
Maryland, USA, using the sediment fingerprinting
approach: 2008 to 2010

Allen C. Gellis - Gregory B. Noe

JOURNAL OF THE AMERICAN WATER RESOURCES ASSOCIATION

AMERICAN WATER RESOURCES ASSOCIATION December 2018

Sediment Fingerprinting to Delineate Sources of Sediment in the Agricultural and
Forested Smith Creek Watershed, Virginia, USA

A.C. Gellis and L. Gorman Sanisaca
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TECHNICAL REPORTS
LANDSCAPE AND WATERSHED PROCESSES

Journal of Environmental Qua!:ty

Stream Sediment Sources in Midwest Agricultural Basins
with Land Retirement along Channel

T. N.Williamson,* V. G. Christensen, W. B. Richardson, J. W. Frey, A. C. Gellis, K. A. Kieta, and F. A. Fitzpatrick

Journal of Soils and Sediments (2019) 19:3374-339%6
https/doi.org/10.1007/511368-018-2168-2

SEDIMENT FINGERPRINTING IN THE CRITICAL ZONE

o

@ CrossMark

Combining sediment fingerprinting with age-dating sediment using
fallout radionuclides for an agricultural stream, Walnut Creek, lowa, USA

Allen C. Gellis' - Christopher C. Fuller? « Peter Van Metre? . Christopher T. Filstrup® « Mark D. Tomer® «
Kevin J. Cole® « Timur Y. Sabitov®

Journal of Environmental Management 333 (2023) 117254

< USGS
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Prepared in cooperation with the Little River Water-Quality Consortium

Multiple-Source Tracking: Investigating Sources|
Pathogens, Nutrients, and Sediment in the Upper
Little River Basin, Kentucky, Water Years 2013-14

Scientific Investigations Report 2017-5086

Contents lists available at ScienceDirect
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Journal of Environmental Management

journal homepage: www.elsevier.com/locate/jenvman

Research article

Check for
updates

Building a library of source samples for sediment fingerprinting — Potential
and proof of concept

https.//doi.org/10.1016
/Jjenvman.2023.11725
4

Tanja N. Williamson ® , Faith A. Fitzpatrick ", Rebecca M. Kreiling ©
* U.S. Geological Survey, Ohio-Kentucky-Indiana Water Science Center, 9818 Bluegrass Parkway, Louisville, KY, 40299, USA

b 1.5, Geological Survey. Upper Midwest Water Science Center, 1 Gifford Pinchot Drive, Madison, WI, 53726, USA
€ U.S. Geological Survey, Upper Midwest Environmental Sciences Center, 2630 Fanta Reed Rd. La Crosse, WI, 54603, USA

of source samples

Proceedings of the SEDHYD 2019 Conference on Sedimentation and Hydrologic Modeling, 24-28 June 2019, Reno, Nevada, USA

Stream Corridor Sources of Suspended Sediment
and Phosphorus from an Agricultural Tributary to
the Great Lakes

Faith\. Fitzpatrick, Research Hydrologist, USGS, Middleton, W1, fafitzpa@usgs.gov;
Blount, Physical Scientist, U.S. Geological Survey, Middleton, WI, jblount@usgs.gov;
Kammel, Hydrologist, U.S. Geological Survey, Middleton, WI, lkammel @usgs.gov;
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Journal of Great Lakes Research
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Stream corridor and upland sources of fluvial
sediment and phosphorus from a mixed urban-
agricultural tributary to the Great Lakes

Monthly suspended-sediment apportionment for a western Lake Erie
agricultural tributary

James D. Blount* 2 =, Leah E.K. Lenoch ®, Faith A. Fitzpatrick *

£ Tanja N. Williamson **, Edward G. Dobrowolski®, Allen C. Gellis ¢, Timur Sabitov “, Lillian Gorman Sanisaca
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& Lessons learne
/ e Estimates of corridor erosion could account for 60-170% of the average annual TSS load.
Need to get familiar with potential sources of sediment beyond upland land cover.
Gully and ravine erosion important in steep watersheds—need to make sure they are included in
fingerprinting and budget.
Need more detailed channel network — 10 m DEM works with small threshold watershed.

Suspended and bed sediment may have higher phosphorus concentrations than source sediment,
especially in watersheds with a large dissolved phosphorus load.

Amount of stored soft fine-grained sediment can vary and is important to consider in potential lag times for |
observing water quality improvements.

Starting to build library of upland source fingerprints across watersheds in the Midwest so that not as may
source samples need to be collected.
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Selected Publications

Fitzpatrick et al., 2023, Stream Corridor Sediment Budget for Watershed Sediment Source Apportionment for
the Forested Little Fork River, Minnesota https://www.sedhyd.org/2023Program/1/71.pdf

Baker et al., [in review], Tracking fluvial sediment and phosphorus from headwaters to mainstem in the Little
Fork River, a forested subwatersehed of Lake of the Woods (journal submission)

Blount et al., 2023, Stream corridor sources of suspended sediment and sediment-bound phosphorus from an
urban tributary to the Great Lakes https://www.sedhyd.org/2023Program/1/264.pdf

Williamson et al., 2023, Building a library of source samples for sediment fingerprinting — Potential and proof of
Concept, Journal of Environmental Management https://doi.org/10.1016/j.jenvman.2023.117254

Broerman et al., [in review], Sources and storage of streambed sediment and sediment-bound phosphorus in
an agricultural Great Lakes tributary, journal submission


https://www.sedhyd.org/2023Program/1/71.pdf
https://www.sedhyd.org/2023Program/1/264.pdf
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