
 

T
so
or
to

C
in
M

T
se
M
B
so
de
de
in
th
w
m
of
B

T
pu
R
W
th
tu
ex
pr

T
st
st
to
di
lo

In
lo
gr
to
as
ho
im
ba
re

C

he Collaborat
ource reductio
rganizations, a
o the Minneso

CSSR Goal: T
ncorporates the b
Minnesota River 

here are num
ediment loadi

Minnesota Rive
lue Earth, ar
olids. This cau
eposition pro
egrades wate

ncreases the ra
he Minnesota 

water to the M
more than two

f sediment to 
asin, which in

he citizens o
ublic funding 

River, particula
Water Land an
hese funds are
urbidity, that 
xcess soil and 
riorities for co

he Collaborat
trategy for red
tate, and indus
o different co
ifferent mana

oading.  

n addition to i
oading problem
roups, conserv
o evaluate dif
ssigning respo
oped that a c

mportant prob
alance betwee
educing erosio

Collaborative

tive for Sedim
on in the Grea
a diverse stake

ota River and b

To identify a stra
best available sc
Basin. We hope

merous reaso
ng from the 
er and many o
re known to
uses problems 
oblems on t
er quality in 
ate at which L
River deliver

Mississippi Riv
o-thirds of the
the Minnesot

ncludes the Wa

of Minnesota 
to improve w

arly with the
nd Legacy Am
e spent effect
means we ne
sediment ero

onservation in

tive for Sedim
ducing sedime
stry stakehold

ombinations o
agement optio

identifying the
m depends o
vation groups
fferent conser
onsibility for i
common unde
blem. The wa
en directly re
on by controlli

e for Sedime

ment Source R
ater Blue Earth
eholder group
beyond.  

ategy for reducin
cientific informa
e that the strategy

ons to be c
Blue Earth R

of its tributari
 be impaired
downstream.

the lower M
the Mississ

Lake Pepin is 
rs only about 
ver and Lake 
e sediment. Th
a River is the 
atonwan and L

are committ
water quality i
e passage of 
mendment. It i
tively, such th
eed to identify
sion, along wi

nvestment thro

ment Source R
ent delivery fr
ders with whom
of conservatio
ons, the grou

e best method
n a shared un
s, and regulato
rvation strateg
its current con
erstanding wo
atershed is lar
ducing erosio
ing runoff and

ent Source R
Summa

Reduction (C
h River Basin

p met nine tim

ng sediment load
ation, accounts f
gy developed will 

concerned ab
River Basin. T
ies, including 
d for suspen
 Sediment cau

Minnesota Riv
ippi River, 
filling. Althou
one-third of 
Pepin, it deliv
he largest sou
Blue Earth Ri
Le Sueur Rive

ting considera
in the Minnes
the 2008 Cl

is important t
hat the benefi
fy the most c
ith associated 
oughout the w

Reduction (CS
rom the Blue 
m we develop
on practices. 
up used the m

ds and location
nderstanding 
ory agencies. C
gies. We focu
ndition or tac

ould lead to a
rge and there 
on of local so
d reducing hig

Reduction –
ary of Findin

SSR) was a f
. With suppor

mes to evaluate

ding in the Grea
for uncertainty, 
be effective, cost-

bout 
The 
the 
ded 
uses 
ver, 
and 
ugh 
the 

vers 
urce 
iver 
ers.  

able 
sota 
lean 
that 
it of cleaner w
ost-effective 
phosphorus. 

watershed.  

SSR) was laun
Earth River B

ped a model to
Combined w
model to eva

ns for reducin
of the issues 
CSSR provide
used on unde
ckling the soc
an agreed-upo

were many c
ources (fields
gh river flows.

– Greater Blu
ngs 

five-year effor
rt from local, 
e watershed str

ater Blue Earth
and provides a

-efficient, fair, an

water is realiz
conservation 
We also need

nched with th
Basin. At the 
o forecast cha

with informatio
aluate watersh

ng excess erosi
 among stake
ed a forum fo
erstanding ho
cial challenges
on strategy tha
considerations
, ravines, stre
 

ue Earth Ri

rt to evaluate
state, agribusi
rategies for re

h watershed using
a model for deci
nd supported by 

zed for all. In
practices and

d to think mor

he goal of dev
heart of CSS

anges in sedim
on on the co
hed strategies

ion and sedim
eholders, inclu
or different in
ow the landsc
s of funding a
at would driv
s. A key ques
eambanks, an

iver Basin 

e strategies fo
iness, and env
educing sedim

ng a decision fra
ision making th
all stakeholders

n terms of sed
d locations fo
re broadly in o

veloping an ag
SR was a grou
ment loading i
ost and effect
s for reducing

ment delivery, 
uding farmers

nterests to wor
cape works, r
and implemen
ve action to a
tion concerne

nd bluffs) and
 

or sediment 
vironmental 
ent loading 

amework that 
hroughout the 
s. 

diment and 
or reducing 
order to set 

greed-upon 
up of local, 
in response 
tiveness of 
g sediment 

solving the 
s, producer 
rk together 
rather than 
ntation. We 
address this 
ed the best 
d indirectly 



p.

 

T

T
th
th
M
th
w

A
ra
re
an
co
co
de
bl
ce
st
in
flo
ch
ba
lo
an

T

In
ne
E
w
in

N
fa
w
to
m
us
ho
th
m
si
se

T
co
im
re

. 2 
The setting an

he Minnesota
he ancestral M
he continental

Minnesota Rive
he Minnesota 

world. Their ra

As large as thi
ates of soil er
egion was dev
nd into the 2
onservation ov
ontinues today
ecreased, the a
luffs along th
entury. The l
teep bluffs alo
n near-channe
ows produce 
hannel shiftin
anks and blu

oading, we con
nd stabilize blu

The CSSR Mo

n order to eva
eeded a mode

Earth River Ba
would be simp
nput from CSS

Not all eroded 
act, often only

way that trap 
opography and

model is a relat
sed the exten
ow the rate of
he near-chann

more than two
ze occurred le
ediment loss to

he CSSR mo
ombinations 
mplementing d
ecreation. The

nd the challe

a River has alw
Minnesota Rive

l ice sheet to 
er dropped in
River around 
tes of erosion

is natural bac
rosion and se

veloped for row
20th Century. 
ver the past 8
y. As the amo
amount of sed
e river chann
argest source

ong the incise
el sediment su

deeper wate
ng that can d
uffs. As we 
nsidered not o
uffs, but also 

odel 

aluate the cos
el that could l
sin (including

ple and fast, w
SR stakeholde

sediment ma
y a small fract
sediment. We
d a sediment 
tion between 

nsive monitori
f near-channel

nel sediment ar
-thirds of the 
ess than one d
o estimate how

odel is desig
of conservati
different cons
e CSSR model

nge 

ways been a lar
er experienced

the north. T
n elevation, its
the city of Ma

n and sedimen

ckground sed
ediment suppl
w-crop agricu
Despite exte

80 years, this h
ount of sedim
diment derive
els increased 

e of sediment
d river valleys

upply is an in
er and swifter
direct erosive
evaluated sol
only actions t
actions to red

st and effectiv
link sediment 
g the Le Sueur 
while still relia
rs, we hoped 

akes its way d
ion of it is tra
e addressed th
budget to est
river flow and
ing conducted
l sediment sup
re more comm
near-channel 

day per year, o
w reductions i

gned to estim
ion practices.
ervation pract
 provides a sta

Ma

rge source of 
d enormous flo
These floods c
s tributaries st
ankato. These
t loading are c

diment supply
ly increased f

ulture in the la
ensive improv
high rate of s
ent from upla
d from the rav
over the last 
t shifted from
s. The cause o

ncrease in rive
r currents, as
e flows again
lutions to re
o reduce upla

duce the peak r

veness of diffe
loading to co
and the Wato

ably capturing
to include con

downstream to
ansported all t
his well-know
timate sedime
d the rate of s
d by the Minn
pply increases
mon today tha

sediment sup
on average, 60
in runoff migh

mate annual c
 It does not
tices at the wa
arting point fo

arch, 2017

sediment. At 
oods from a t
caused the riv
teepened and 

e tributaries ar
considerably la

y has been, th
five-fold as th
ate 19th Centu
vements in so
ediment supp
and soil erosio
vines and stee
half of the 20

m fields to th
of this increa
er flow. High
s well as mor
st the chann

educe sedimen
and soil erosio
river flows. 

erent combina
onservation pr
onwan Rivers)
g sediment del
nservation pra

o the mouth o
the way down
wn “sediment 
ent delivery th
sediment loss 
nesota Polluti
with flow. W

an in the past.
pply today occ
0 years ago. W
ht reduce sedi

cost and sed
t explicitly co
atershed scale
or these broad

Colla

the end of the
temporary glac
ver bed to sco

began carvin
re among the m
arger than oth

he 
he 

ury 
oil 
ply 
on 
ep 
0th 
he 
se 

her 
re 

nel 
nt 
on 

ations of prac
ractice. The sc
) drains 2,265
livery from th
actices that we

of the watersh
nstream becau
t delivery pro
hroughout the
from near-ch

ion Control A
We found that t

. For example
cur about 5 da

We used the re
iment loading

diment load r
onsider other
e, or additiona
der considerat

Google
Blue E

aborative for Sedi

e last Ice Age
cial lake impo
our by as mu

ng the valleys 
most rapidly d
her rivers in th

ctices to redu
cope of the m
,500 acres. W
he Basin. By b
ere both effec

hed and into 
use there are m
oblem” using 
e watershed. A
hannel source
Agency and it
the flows curr
e, the high flow
ays per year o

elation betwee
g from those s

reductions as
r factors, suc
al benefits to w
tions. 

e Earth image of 
Earth Watershed

iment Source Re

, about 13,400
ounded by the 
uch as 200 ft.

that we see t
downcutting r
he state.  

uce sediment l
model is large 
e aimed for a 
building the m
tive and accep

the Minnesot
many location
modern high
Another key 
s, particularly 
ts partners to
rently produci
ws estimated 

on average. Flo
en flow and ne
ources.  

ssociated with
ch as the cha
wildlife, water

f an incised portio
d south of Manka

eduction  

0 years ago, 
remains of 
 When the 

today along 
rivers in the 

loading, we 
– the Blue 
model that 

model with 
ptable.  

ta River. In 
ns along the 
h-resolution 
part of the 
bluffs. We 

o determine 
ing most of 
to produce 
ows of that 
ear-channel 

h different 
allenges of 
r quality, or 

on of the 
ato, MN 



p.

 

 
C

A
in
th
ex
co

So
er
an
A
ab

R
w

A
in
w
by
ef
w
So
sp
de

E
ta
so

A
re
fr
hi
W
re
ca
ha

A
hi
M

O
st
w
st
im
lin

. 3 

CSSR Finding

A final CSSR w
ncluded stakeh
he perspective
xplored differ
oncluded with

ome ravines p
rosion from ra
nd stabilizatio

Although ravin
bout 10% of t

Ravines that 
worthwhile, b

A solution to t
ncised lower p
watershed to th

y reducing the
ffective, altho

will have a limi
ome bluffs ar
pecific locatio
esirable nor fe

Eroding bluff
argeted. Inve
olution for lon

Although targe
educe peak riv
rom persistent
igh flows is m

Water storage 
estoration and
an also contrib
abitat and nut

Achieving wa
igh river flo

Minnesota Riv

Optimism was 
torage practice

with targeted p
torage on do
mplementation
ne practitioner

gs 

workshop wa
holders who h
e and experien
rent conserva

h a discussion 

produce very l
avines are amo
n at ravine tip

nes are locally 
the sediment l

 are large lo
but not suffici

the sediment 
portions of the
he Minnesota 
e frequency an
ugh other fac
ted lifespan. A
re relatively i
ns, particularl
easible to addr

fs that threa
estment in sta
ng-term redu

eted treatment
ver flows offe
tly higher floo

most likely to 
(including sh

d various types
bute to flow r
trient load red

ater quality st
ows and blu
ver. 

expressed at 
es, especially w

practices such 
ownstream ero
n plans should
rs in order to 

as held on Ma
had participate
nce of the grou
ation scenario
of findings, re

large amounts
ong the most 
ps and stabiliz

prolific sourc
oading to the 

cal sources o
ient to reduce

loading prob
e Blue Earth R
River. Sedime
nd magnitude

ctors must als
Also, the river
naccessible, m
ly where hom
ress sediment 

aten infrastru
abilizing the

uction in sedi

t of particular
er a potentially
od flows produ
be effective w
ort and longe
s of detention
reductions. Ma
uction.  

tandards wil
uff erosion. T

the final wo
when activitie
as storage bas
osion and to
d support prec
direct conserv

Ma

arch 7, 2017 
ed throughout 
up. After a rec
os with the 
eported here.

s of sediment 
cost-effective

zation and rev
ces of sedime
Blue Earth R

of sediment c
e sediment lo

lem must add
River Basin. B
ent loss from b
e of flood flow
o be consider
r channel may 
making constr

mes or roads an
supply from b

ucture and p
ese bluffs is w
iment loading

rly erosive rav
y long-term so
uces the majo
when placed i
er term deten

n basins and im
any water stor

ll require pri
This is a cri

rkshop that m
es that increas
sins and wetla
o target cons
cision targetin
vation investm

arch, 2017

at Minnesota 
the five year

cap of the prim
simulation m

from a small
e. A range of p
egetation with

ent, their num
River and its tri

can be targe
oading to mee

dress the large
Bluffs contrib
bluffs can be 
ws that erode 
red. For exam
shift away fro

ruction work 
nd bridges are
bluff erosion t

produce exce
worthwhile, 
g across the w

vines and blu
olution that ta

ority of the ele
in upland area
ntion) can inc
mpoundments
rage practices 

iority investm
itical compo

many within t
se water holdi
ands. It is now
ervation prac

ng and stream
ment to the mo

Colla

a State Univer
project, as we
mary findings 

model and dis

l area. Conser
practices can b
hin ravines wi

mber is not lar
ibutaries. 

eted. Investm
et water qual

est source of 
bute about 60%

reduced by m
the bluff. Eit

mple, toe stabi
om a protecte
difficult. Blu

e threatened b
through mech

eptionally la
but bluff sta

watershed. 

uffs is worthw
argets the cau
evated sedime
as above the l
clude a wide r
s. Cover crop
also offer oth

ment in more
onent of a st

the agricultura
ing capacity o
w possible to e
ctices with m

mlined coordin
ost promising

aborative for Sedi

rsity in Mank
ell as invited a

of the suppo
scussed the o

rvation practic
be considered
ith a large amo
rge enough to

ment in stabi
lity standard

f sediment: th
% of the sedim

mechanically st
ther of these 
ilization, like a
ed bluff and in
uff protection
by rapid bluff
hanical protect

arge amount
abilization is 

while, water m
use of the pro
ent supply. Wa
lower, incised
range of prac
s, winter annu
her benefits, s

e temporary w
trategy to re

al community
of productive 
evaluate the e

more precision
nation among 
g and effective

iment Source Re

kato, Minn. Th
ttendees who 
rting research
outcomes. Th

ces that reduc
d, including wa
ount of stored
o account for 

ilizing these 
ds. 

he steep bluffs
ment delivere
tabilizing the b
approaches m
any engineere
nitiate erosion
n may be wor
f retreat, but i
tion alone. 

ts of sedimen
 not the mos

management a
oblem. Sedime
ater storage fo

d parts of the 
ctices, includin
ual crops, and
such as increas

water storage
educe sedime

y may be ope
farmlands are
ffects of upst
n. It was str
agencies and 

e locations.

eduction  

he meeting 
broadened 

h, the group 
he meeting 

ce flow and 
ater storage 
d sediment. 
more than 

 ravines is 

s along the 
ed from the 
bluff toe or 

may be cost 
ed solution, 
n elsewhere. 
rthwhile in 
it is neither 

nt can be 
st effective 

actions that 
ent erosion 
or reducing 
watershed. 

ng wetland 
d perennials 
sed wildlife 

e to reduce 
ent in the 

en to water 
e combined 
ream water 
ressed that 
with front-



p.

 

C

T
ou

Dav
Stev
Dav
Eri
Wa
Lea
Juli
Wa
Ada
Pau
Hei
Jon
Lin

F

Be

En

G

Le

Le

Le

Sc

W

W

W

 
C
Pe
Se

C
Pr
Pr
Je
D

Th

. 4 
CSSR Particip

he people liste
utcomes, and 

vid Ward 
ve Sodeman 
ve Bucklin 
c Gulbransen 

ayne Cords 
ann Buck 
ie Conrad  
arren Formo 
am Birr 
ul Meints 
idi Peterson 

n Lore 
nda Loomis 

or further inf

elmont, P., Gran
Large shift i

ngstrom, DR, Al
balance reco

Gran, KB, Finneg
developmen

enhart, CF, Broo
in a Minneso

enhart, CF, Verry
consequence

enhart, CF, ML T
Evolution A

chottler, SP, Ulri
more erosiv

Wilcock, P, on beh
Synthesis Re

Wilcock, P, 2015. 
Society. Janu

Wilcock, P, SJ Cho
Collaborativ
Agriculture, 

CSSR – Lead 
eter Wilcock, P
e Jong Cho, Ben

Contacts 
rof. Karen Gr
rof. Patrick Be
eff Marr, Asso

Dr. Se Jong Ch

he CSSR project wa

pants 

ed below atten
indicate that t

Farmer, M
Farmer, C
GBERBA
Waseca SW
Waseca SW
MN Asso
Blue Eart
MN Ag W
MN Corn
MN Corn
MN Dept
MN Dept
Lwr MN 

formation 

, KB, Schottler, S
n source of fine 

lmendinger, JE, W
onstructions from

gan, N, Johnson
nt following abrup

oks, KN, Heneley
ota prairie river: i

y, ES, Brooks, K
es for turbidity im

Titov, JS Ulrich, 
Along the Lower 

ich, J, Belmont, P
e rivers. Hydrolog

half of the Minne
eport for Minnes

Sediment, scien
uary 20, 2015. Vi

o, K Gran, B Ho
ve for Sediment S

and Minnesota A

Investigators
Patrick Belmont
n Hobbs, John

ran, Dept. of E
elmont, Dept.

ociate Director
ho, Research A

as supported in par

nded the final
this report is a

Mapleton, MN 
Consultant, St Ja
A, Cottonwood 
WCD 
WCD 

ociation of SWC
h County  

Water Resource
n Growers Asso
n Growers Asso
t. Agriculture 
t. Natural Resou
R Watershed D

SP, Wilcock, PR,
sediment in the U

Wolin, JA, 2009.
m the sediments o

n, AL, Belmont
pt postglacial bas

y, D, and Magner
implications for T

KN, and Magner, J
mpairment. River 

JL Nieber, BJ Su
Minnesota R, Tra

P, Moore, R, La
gical Processes 1–11

esota River Sedim
sota River Sedime

ce, and stakehol
ideo available at h

obbs, P Belmont
Source Reduction
Agricultural Wate

s 
t, Utah State Un
s Hopkins Univ

Earth & Envir
. of Watershed
r of Engineeri

Associate, UM

rt by the National S

Ma

l meeting of th
an accurate ac

ames, MN 
SWCD 

CD  

s Center 
oc. 
oc. 

urces 
District 

, Day, SS, Jennin
Upper Mississipp

. Historical chang
of Lake Pepin. J P

t, P, Wittkop, C
se-level fall. Geolo

r, J.A, 2010. Spat
TMDLs. Environ

JA, 2012. Adjust
r Research and App

uppes, 2013, The
ransactions, Am. So

uer, J, Engstrom
. 

ment Colloquium
ent Colloquium. 

lders – clearing t
https://freshwat

, M Bevis, B Hei
n, Greater Blue E
er Resources Cen

niversity
versity Jeff 

ronmental Sci
d Sciences, Ut
ing and Facilit

M St. Anthony 

Science Foundation

arch, 2017

he CSSR work
count of the f

Ed Lenz
Shaina Kes
Al Kean
Jill Sackett 
Paul Davis
Chris Lenh
Brad Gord
Les Everet
Ann Lewan
Scott Sparl
Duane Nin
Carrie Jenn
Rebecca Se
Kimberly M

ngs, C., Lauer, JW
pi River. Environm

ges in sediment a
Paleolimnology, 41,

C, Rittenour, T,
ogical Society of Am

tial and temporal 
mental Monitoring 

ment of prairie p
plications, 28(10), 1

e Role of Hydrol
oc. of Ag. Biol. E

m, DR, Almendin

m Committee, 200
MPCA, https://

the muddy water
er.org/moos-fam

itkamp, J Marr, S
Earth River Basin
nter. 86p. 

K
f Marr, Barbara 

iences. Univer
tah State Univ
ties, UM St. A
Falls Laborato

n through a Water 

Colla

kgroup, or rev
findings of the

B
seley B

B
t Eberhart B
s M
hart U
don U
tt U
ndowski U
lin C
nneman C
nings F
eal Soileau U
Musser M

W, Viparelli, E, W
mental Science and T

and phosphorus 
, 563–588. 

, 2013. Landsca
merica Bulletin B30

variation in susp
and Assessment, 1

pothole streams t
1609-1619. 

logic Alteration a
Engineers, 56(2): 

nger, JE, 2013. T

09. Identifying Se
/www.pca.state.m

rs of the Minne
mily-lecture-series

S Mielke, N Mitc
n. Report to Min

Karen Gran, U
Heitkamp, UM

rsity of Minne
versity, patrick

Anthony Falls 
ory, se.j.cho@

Sustainability & Cl

aborative for Sedi

viewed the me
e workgroup. 

BWSR
BWSR 
BWSR 
BWSR 
MN Pollution C
Univ. Minnesota
Univ. Minnesota
UM Water Reso
UM Water Reso
Coalition for a C
Clean Up the Ri
Freshwater Soci
US Army Corps
MNSU Water R

Willenbring, J., En
Technology, 45, 880

 loading to the u

ape evolution, v
0772–1. 

pended sediment
65(1), 435-447. 

to land�use, drai

and Riparian Veg
549-561. 

Twentieth century

ediment Sources 
mn.us/sites/defau

sota River. Moo
s/ 

chell, and K Kum
nnesota Pollution

University of Mi
M St. Anthony F

esota, Duluth. 
k.belmont@us
Laboratory, jm

@gmail.com  

limate Grant to SA

iment Source Re

eeting material

Control Agency
a 
a 

ources Center 
ources Center 
Clean MN Rive
iver Environme
iety 
s of Engineers

Resources Cente

ngstrom, DR, Par
04–8810.  

upper Mississippi

valley excavation

t, organic matter,

inage and climate

getation Dynamic

y agricultural dra

in the Minnesota
ult/files/wq-b3-4

os Family Lecture

marasamy, 2016. 
n Agency, Minne

innesota Duluth
Falls Laborator

kgran@d.um
su.edu 
marr@umn.ed

AFL, U Minnesota.

eduction  

ls and 

er 
ent 

er 

rker, G, 2011. 

i River: mass-

, and terrace 

, and turbidity 

e changes and 

cs in Channel 

ainage creates 

a River Basin: 
43.pdf, 16 p. 

e, Freshwater 

Final Report: 
esota Dept. of 

h 
ry 

mn.edu 

du 


