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INTRODUCTION
Studies continue to find that a disproportionate amount of the sediment loading to the Minnesota River
comes from ravines draining valley bluffs. This is particularly true in the Sand Creek watershed where a
recent study found suspended sediment yields were 5 to 10 times higher in the subwatershed that cuts
through the bluff than in other areas (Scott WMO, 2010. Sand Creek Watershed Impaired Waters
Resource Investigation. Volume 1 – Sand Creek Impaired Waters Diagnostic Study. Available at
http://www.co.scott.mn.us/ParksLibraryEnv/wmo/programsprojects/Pages/SandCreekTMDL.aspx).
Similar results have been found in the Rush, High Island, Le Sueur, and Blue Earth systems – in addition
to other areas of the Minnesota River basin.
While the origin of sediment from ravines is well documented (University of Minnesota, 2010: Ravine,
Bluff, Streambank (RBS) Erosion Study for the Minnesota River Basin; and MPCA, 2009: Identifying
Sediment Sources in the Minnesota River Basin), what to do about it is not. Bluffs and ravines are young
landforms that are vulnerable to accelerated erosion. Ravines have high channel gradients and erosive
power, many are narrow with steep side slopes, landslides and slumping are common, some have
groundwater seeps, and many are densely wooded with limited understory growth. The combination of
these factors makes addressing ravine erosion particularly challenging.
Addressing sediment and TSS loading from ravines is expected to be an important part of meeting TSS
load reductions for restoring impaired stretches of the Minnesota River, South Metro Mississippi River,
and Lake Pepin. These studies are showing that 50 to 80% TSS reductions are necessary to achieve water
quality standards. Because of this pending expectation and because of the uncertainty of how to manage
ravines the Scott Watershed Management Organization and the Minnesota River Board jointly sponsored
a design charrette involving experts to start a discussion about ravines. This document provides a
summary of the charrette process.
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Table 1. Charrette Participants
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Almer of Emmons and Olivier Resources, Inc. The opinions and recommendations contain herein are
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SUMMARY OF PROCESS
A select group of professionals with experience on ravine erosion processes were invited to review and
assess ravine sites and participate in a “design charrette” to address ravine management challenges. As
part of this charrette process, the objective was to produce a deliverable that would identify best
management practices and conceptual designs for stabilizing ravines. The results of the charrette will be
used as a foundation on which to implement several pilot projects in association with various partners.
The group went into this design charrette process with no preconceived notions. Based on research that
was already conducted by many of the partners, it was anticipated that the team’s recommendations
would include a mix of conventional Midwest practices, such as grade control, diversions, and buffers and
cross-applied suggestions from high gradient channels in the northwest United States, such as log and
rock steps, porous weirs, and drop structures. There were no defined boundaries on suggested alternatives
and participants were encouraged to use this forum to brainstorm about a wide array of possibilities.
Participants committed two full days to this process. The first day was spent visiting two typical ravines
within the lower Minnesota River basin and learning about the past and current conditions of the ravines.
The second day participants gathered at the Scott County SWCD office and completed the active charrette
analysis and design process.
Day One (10/6/2010)
During the first meeting, the group toured two representative high-gradient drainage areas. Day 1
discussion largely focused on sediment sources/processes at each of the two ravines. Site One, in the Le
Sueur watershed, includes a large degrading ravine that has become an outdoor “laboratory” for several
projects, including the work of National Center for Earth-surface Dynamics (NCED). Patrick Belmont
with Utah State University, formerly with the University of Minnesota led a tour of this ravine and
provided an overview of the state of knowledge on the mechanisms driving change at this location.
A tour and overview of the 2nd study site, which is located along Sand Creek in Scott County, was led by
Paul Nelson of the Scott County WMO. Scott County SWCD staff, who have completed past BMP’s
within the contributing drainage area and University of Minnesota staff, who have studied the ravine as
part of a University of Minnesota course, provide invaluable insights on this particular ravine.
At the conclusion of the two site tours the group met at the Scott SWCD office in Jordan, MN to compare
notes on the state of ravine knowledge about degradation, stabilization, and management. Major
observations from the day were highlighted and the group considered the extent of bluff and ravine issues
in the Minnesota River Basin.
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Day Two (11/17/2010)
Day Two was the “work session” in which the group reconvened to participate in the design charrette.
Participants were asked to come prepared to brainstorm about potential solutions and suggested
approaches (including conceptual designs) for ravine stabilization efforts. The group worked towards a
set of recommendations on ravine management, with the outcome being a concept stabilization plan for
the two study sites. The group also discussed the bigger picture issues of:
• Assessment
– Methodologies
– Data gaps
– Prioritization
•

Policy
– Determining what is attainable
– Managing expectations

•

Communicating to decision makers - when to intervene

•

What practice are achieving stabilization
– Hydrology modification
– Vegetation
– Engineered Structures
– Other non-traditional ideas

A charrette process was utilized to facilitate stakeholder participation and ownership of the outcome of
the process. More common to the land planning and architecture disciplines, a charrette is a collaborative
session in which a group of designers drafts solutions to a design problem. While the structure of a
charrette varies, depending on the design problem and the individuals in the group, charrettes often take
place in multiple sessions in which the group divides into sub-groups. Each sub-group then presents its
work to the full group as material for future dialogue. Such charrettes serve as a way of quickly
generating a design solution while integrating the aptitudes and interests of a diverse group of people.
The following agenda was loosely followed to facilitate the day’s discussions:
17NOV10 CHARRETTE AGENDA
9:00 am
Work session convenes at Scott County SWCD office
9:00 am
Introductions – participants; agenda; charrette process; rest rooms
9:15 am
Goals/Outcomes of day
Recap on setting of two study sites
9:30 am
 LeSueur River – by Patrick Belmont / Scott Matteson
 Scott County – by Paul Nelson and John Nieber / Joe Magner
10:15 am
Discussion – ravine assessment
11:00 am
Discussion – hydrologic issues
11:30 am
Discussion – physical issues
12:00 pm
Lunch
12:45 pm
Exploration of traditional and alternative solutions
Break Out Sessions – conceptual solutions
1:30 pm
 Group #1 – LeSueur River
 Group #2 - Scott County
2:45 pm
Discussion of – conceptual solutions
3:30 pm
Recap of days discussion & next steps
4:00 PM
Departure
Table 2. Charrette Day-2 Agenda
Emmons & Olivier Resources, Inc.
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STUDY SITES
Two representative ravine study sites, within the lower Minnesota River Basin were chosen for this
assessment. Both are in a rural setting with predominately row crop agriculture landuse.
The site referred to as the Blue Earth County Study Area is located within Mankato and Decoria
Townships. The 950-acre contributing drainage area of this ravine drains south to the LeSueur River.
The confluence with the LeSueur River is approximately 4 miles SE of the community of Mankato.
The site referred to as the Scott County Study Area is entirely located within the Sand Creek Township
just south of the city of Jordan. This ravine has a 198-acre drainage area, which drains east to Sand
Creek. As shown in Figure 5 the Scott County Study Area has three separate fingers, which come
together within the forested ravine.
Background information and data on both sites can be found in the Appendix.

Figure 1. Study Site Locations
Emmons & Olivier Resources, Inc.
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Figure 2. Catchment of Blue Earth County Study Area
Emmons & Olivier Resources, Inc.
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Figure 3. Blue Earth County Study Area - representative bank erosion along main channel

Figure 4. Blue Earth County Study Area - representative ravine finger (looking upslope)
Emmons & Olivier Resources, Inc.
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Figure 5. Catchment of Scott County Study Area
Emmons & Olivier Resources, Inc.
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Figure 6. Scott County Study Area - representative headcut within ravine

Figure 7. Scott County Study Area – ravine below confluence of three separate fingers; note field terrace
Emmons & Olivier Resources, Inc.
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OUTCOMES
Ravine Stabilization Techniques for Agricultural Watersheds
The following list and associated consensus on the effectiveness of ravine stabilization techniques was
generated by the collective participants and based on their collective research and applied experience.
Since the predominate landcover of the specific study areas and general setting of the Minnesota River
basin is agriculture the following list is targeted for an agriculture landscape.

Emmons & Olivier Resources, Inc.
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TECHNIQUES
CATEGORY

GROUP CONSENSUS

PRACTICE

HYDROLOGY
MODIFICATIONS*

Road Detention
Constructed Wetlands
Restored & Enhanced Wetlands
Infiltration Basins
Detention Basins

FAVORED

♯
∆

♯

VEGETATIVE**
ENGINEERED
STRUCTURES
OTHER

∆

♯

Thinning of Canopy

♯

Invasive Species Removal

♯

Side Inlet Control (Ag Drainage)
Bank & Bed Armoring - Rip Rap
Bank & Bed Armoring - TRM,
Geoweb and other Geosynthetics
Bank & Bed Armoring - Woody debris
Grade Control - Check Dams**
Grade Control – Log**

NOTES

Need to consider safety and fish passage issues
Potential to leverage other funding
Potential to leverage other funding
Reduction and in peak flow and volume
Peak reduction only
Benefits during the most erosive events lessened,
but provide additional water quality benefits
Most effective, but very high cost; potential to
leverage other funding
(WASCOB)
Limited benefit with larger (destabilizing)
precipitation events
Multitude of practices and techniques

●

Critical Landcover Alteration

Soil Biotechnical & Bioengineering
Stiff Grass Treatments

NOT PREFERRED

∆
∆
∆

Conservation/Controlled Drainage

Water & Sediment Control Basins

FURTHER
EXPLORATION
WARRANTED
●

♯

Buffer With Depressional Storage
STABILIZATION WITHIN RAVINE

FAVORED
IN CERTAIN
SETTINGS

Increase in root diversity and density has been
seen from solar gain
Increase in root diversity and density has been
seen from solar gain and reduced competition
Provides stable outlet to ravine

∆

♯
♯
♯
∆

♯

Access can be an issue
Shorter life span in this climate
Access can be an issue; gabion basket lifespan is
short lived

Grade Control - Gabions

□

Accelerated Succession of Field
Terraces
Raise Profile & Increase Channel
Capacity

□

Via gravel augmentation

□

Via placement of engineered fill; effective but
expensive alternative
Passing flows via pipe/draintile to lower discharge
point
Subsurface drainage to remove destabilizing
saturated soils

●

Piping

●

Saturated Bank Toe Dewatering
st

*Group identified this category as the 1 design option to explore and sequence in rectifying ravine instability
**Group identified this category/practice as the 2nd design option to explore and sequence in rectifying ravine instability
Table 3. Ravine Stabilization Techniques Vetted by Charrette Participants
Emmons & Olivier Resources, Inc.
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Conceptual Design for Study Areas – Blue Earth County
The subgroup of participants that worked on developing a conceptual stabilization plan for the Blue Earth
County Study Area were firm believers in addressing hydrology balances first and then moving into
stabilization structures and practice if still necessary. Those that walked the site during the October tour
echoed those sentiments, because access to the ravine would also be very costly and result in significant
disturbance.
The group recognized that the roughly 1000-acre watershed contains some of the most productive
agricultural land in the country and therefore any options that took significant land out of production
would be cost prohibitive.
The solution that was settled on recommended 20+/- Water & Sediment Control Basins (WASCOB’s) for
the most significant drainage inlets to the ravine at the head of the ravine and possibly within the
upstream end of the ravine where access is reasonable and temporary storage is easier to create. In
concert with this hydrology improvement an existing road crossing, which has significant potential for
road detention would be evaluated for risk/cost/benefit. Lastly, soil-bioengineering measures such as
wattles would be installed within the ravine at the base of the most eroding bluffs to reduce mass wasting
within the ravine.
A back-of-the-envelope cost estimate for implementing this full solution is $200,000+/-.

Emmons & Olivier Resources, Inc.
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Figure 8. Blue Earth County Site Group Concept Plan
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Conceptual Design for Study Areas – Scott County
Similar to the Blue Earth subgroup, the Scott County subgroup approached intervention with a watershed
hydrology focus first. Then built upon and enhanced existing WASCOBs. Finally moving into the ravine
itself employing smaller grade control and stream bank stabilization measures, likely to require hand
labor, from the head of ravine braches to the confluence. From the Day 1 site visit, the subgroup
recollected there was no need to suggest any work downstream of the confluence as it is relatively stable
in existing conditions. Recommended actions are summarized below:
Watershed Hydrologic / Hydraulic Alterations
1. Investigate the feasibility of modifying the control (driveway or County Road 11 culvert) to
afford detention of runoff in the ditched wetland west of County Road 11 north of 215th Street. If
wetland restoration is feasible, WREP funding would likely be available.
2. Similarly, investigate the feasibility of increasing runoff storage in the drained wetland bisected
by 215th Street west of County Road 11. Again, WREP funding would likely be available.
3. Raise embankment at existing WASCOB and/or increase detention storage through clean out and
redesign. Funding likely available through EQIP and Scott WMO.
4. Planned WASCOB (within ravine) affording detention storage + woody drop
structure/stabilization addressing seepage. Funding secured through EQIP and Scott WMO.
5. Although the subgroup speculated that it was less feasible, some consideration of roadway
detention west of State Highway 21 is warranted.
Ravine Stabilization
1. Hand labor (MCC crews) are recommended to be utilized to thin tree canopy, add of woody
debris, and be enlisted for repetitive minor maintenance downstream of #3 above.
2. Address seepage downstream of the existing 16 Ac drainage structure with 300± linear feet of
drain tile, conveying flows beyond most unstable reach, downstream of confluence of branches.

Emmons & Olivier Resources, Inc.
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Figure 9. Scott County Site group Concept Plan

Emmons & Olivier Resources, Inc.
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CONCLUSION
Intervention
As expected, the group did not invent or reinvent the definitive ravine stabilization solution during the 2day workshop, but institutional knowledge of what is and is not working was built upon. The consensus
approach when intervening is to address the illness and then address the symptoms if still warranted.
Clearly, the group favored hydrology modifications to stabilization efforts within the ravine.
Given the immeasurable cost associated with addressing the perhaps thousands of ravines contributing
excessive sediment load to tributaries of the Minnesota River choices must be made about which sites to
invest in. In addition to infrastructure threats and acute erosion acceleration, participants prioritize sites,
which can be stabilized via hydrology modifications. Hydrology restoration solutions pose fewer risks;
frequently have longer life spans at lower cost with greater returns, such as additional water quality
benefits. The group also had consensus around the importance of grade control.
The natural rate of ravine erosion and subsequent rate of anthropogenic acceleration can be difficult and
costly to predict. The group acknowledged that if hydrology restoration can be achieved or closely
approached, the resulting rate of erosion after succession should be acceptable.
Policy Reform
Participants did not have any consensus recommendations about reforming policy largely because at the
current time there is no clear policy with respect to sediment and TSS reduction and the role played by
ravines. The group clearly understood the impracticality of intervening in all cases, and that long-term
approaches and patience will be needed to implement widespread hydrology modifications, grade
stabilization, and other practices to stabilize ravine geomorphology. The group also stressed the
importance of communicating this to decision makers. There was a recognized need for developing a
prioritization system; and for getting started, determining an approach, creating demonstrations and
additional documentation.
Next Steps
As participants discussed next steps, many expressed an interest in continuing the process or perhaps
repeating the process with a focus on bluffs. The original thinking by Scott WMO staff was that results
of the charrette, particularly the conceptual designs, could be used as the basis for pursuing grant funding
to implement the concepts as demonstrations. Participants did see some value in this idea and were
agreeable to meeting again in about a year to talk about framing something up for LCCMR. With respect
to continuing the discussion, EOR has agreed to keep the ftp site up for an indefinite period where some
of the data and reports are shared, and participants agreed that they needed to help disseminate results of
the charrette. Sponsors of the charrette also hope that participants will also continue to share information,
and particularly if opportunities arise to highlight the results of the charrette and the concept plans with
decision makers and funding sources – that they do so or notify the sponsors of such opportunities. As
for additional charrettes, the sponsors are open to the idea, but hope that additional state level partners for
hosting them can be found. An intriguing idea was also floated for a watershed-wide charrette, where
experts reviewed available information and made recommendations on a watershed basis. The Scott
WMO would offer its program up for such a review if resources could be found.

Emmons & Olivier Resources, Inc.
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APPENDIX A

Charrette Meeting Minutes

minutes
651 Hale Avenue North Oakdale, Minnesota 55128 telephone: 651.770.8448 facsimile: 651.770.2552 w w w . e o r i n c . c o m

Date |

November 26, 2010

Meeting Date |

November 17, 2010

Meeting Time |

9 AM – 4 PM

Meeting Location |

Scott SWCD

Project |
Regarding |

Ravine Stabilization Charrette
Charrette Discussion

Attendee(s) |
Record By |

Contact Info |

CKA

Goals (Biehn)

•

Suite of BMPs

•

What and where to invest in?

Recap of Sites
1. LeSueur River (Belmont & Matteson)

•

Ravines estimated to be 10±%of sediment load to the river

•

Loads measured @ 2 locations over last 3 years
i. 672 Ac tributary to upper sampler
ii. 983 Ac (672 + 311) Ac tributary to lower sampler

•

Have completed inventory of:

o Tile Drains – those without riprap are very active
o Fill terraces – relatively small features, sediment stored in the ravine speculated to
be caused by:


Carrying capacity exceedance



Downed trees

o Overland flow inputs
o Culverts
o Bluffs
•

Straight profiles w/steps

•

What’s a bluff in a ravine?... graphic explanation of terminology

•

Flow in spring, dry in July typically

•

Sediment load – short duration; flashy; load a factor of rainfall intensity and flow

An Equal Opportunity Affirmative Action Employer
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•

10±% load contribution is likely an overestimation because the monitoring of ravines
measures sand, whereas river load is measured higher up in water column and doesn’t
capture as much sand although some is entrained

•

Lenhart: There is a fair amount of sand entrained in river flows

•

90% increase in TSS load from top to bottom of ravine

•

MN river incised 70+ meters 1,300 yrs ago

•

Bluff by definition is >3 meters tall

•

Bank by definition is formed by river processes

•

Fill terrace formation?

o Documented that fill terraces are from material from uplands, more than 50-60 yrs
ago

o Big woods clear cut… tied to fill terrace formations


Paper by Knox

o Incision is still dominant process thru fill terraces


Natural process expedited by change in land use

o Change in land use – conversion of hay to row crop
2. Scott Co. (Nelson & Nieber)

•

Sand Creek – these’s a 5-10x TSS load increase thru bluff (ravine) area

•

Groundwater seepage at upper ends of south branch

•

Most Scott County ravines have grade control at top

•

Equip program (NRCS) & WREP program could be used for Funding & Prioritization

•

Nelson: What if anything to spend money on within ravine?

•

Handout provided – profile, cross sections, particular size

•

No hydrologic analysis

•

Nelson: Terrace in middle part of ravine –importance?

•

Recent paper regarding recovery… should goal be stabilization to conditions 100 years ago?

•

How far has north fork head cut?

•

Grazing & canopy influences – See Historic Photos

•

1960 Structure – issue with overtopping

•

2004 Structure – good condition

•

2010 Structure – recently completed by SWCD (Javens)

•

Melchior: Over-widening as a result of head control

•

Need better understanding of storm event vs. continuous duration flow loading

•

City of Mankato runs tile over ground to address baseflow

•

Melchior: small flows will not entrain sediment

•

Saturation of soil is a major issue
Emmons & Olivier Resources, Inc.
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Discussion (All)

•

In LeSueur River watershed there are 97 ravines, only 4-5 tips are advancing

o
•

Based on 1939-2005 aerial photo comparison

Field terrace discussion:

o

o
o

o

o

Belmont:


Where are they?



Which are important?



Are they sediment sources we want to turn off?
•

Via hydrology?

•

Via hard structures?

•

Via excavation?

Magner: understand what terraces are telling us
Melchior: approach questions by:


Categorizing Headcuts – are they in fill terraces or not?



Simplified categorization approach

Kean: Approach should be:


Hydrology management – first and foremost the key to successful stabilization,



then consider what is important for in-ravine management, recognizing that



access is hard… bioengineer & small scale stabilization is most appropriate

Melchior: Look to India and Brazil for answers


WASCABS & then grade control



Must slow water down

o
o

Lenhart: We need a national policy shift to address hydrology

o
o

Kean: Implement approach at these two sites... this will lead to additional action

o
o

o
o

Kean: We need to define an approach, it will take a long time to implement, change how we
do business, start a new trend
Nelson: already motivation to address cuts at field edge


We need to come up with technical framework



Policy – Scott WMO has bluff overlay – no development increase in flows

Intervention trigger – typically infrastructure
Prioritization metrics:


Ravines around lakes



Access



Needs vs. readiness – focus is currently on latter



Hydrology fixes



# of landowners?

Not a real community F/landowners on ravines
Put land back into grasses? SAFE program
Emmons & Olivier Resources, Inc.

651 Hale Ave N, Oakdale, MN 55128

p: 651.770.8448

f: 651.770.2552
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o

Nelson working with UMN on Motivation / barriers to vegetative solutions


Prohibitively high to do basin wide, but maybe target top 20% of offending ravines



Kota (sp?) electric – biofuel market not driving demand for landcover change

o
o
o
o
o

Kean: We need more education: land management connection to ravine issues

o
o
o

Magner: implement stabilization activities w/MCC

o
o
o

Magner – MCC demonstration – selective harvesting and placement of wood

o
o

Grade stabilization of every cut
Kean: how much benefit & how long do we wait for results?
Nelson: focus on riparian area
Kean: “meet her in the middle” (i.e. Mother Nature’s geomorphology response, which is on
a much slower time scale than the increased hydrology changes made since presettlement.)
Biehn: crews vary in skill and motivation
Kean: don’t worry about cost; determine approach & policy programs will follow, create
momentum around hydrology change
Cost effectiveness should be a consideration
Nelson: Pick an approach; but convey reasonable timeline to policy makers – stabilization
won’t be achieved in a matter of a couple years


Concern that Load Reduction would be converted to Waste Load Reduction if can’t
be addressed in 5-yrs



Move assessment, measure of success, to source control away from response

Credit river delisted as result of land use conversion from AG to LDR
Scott – load is 90% result of peak flows


o
o
o

o
o

Controlled drainage structures is key

What’s the value of wetland restoration for flood protection?


•

Accepted at hobby farm level

Nelson: WREP gives average assessed value - $5-10K/Ac

Access abandoned floodplain
Roadway storage / crossings – low flow pipe, restricted


Potential IBI issues



Focus on headwaters

Under selling of temporary wetland storage
Consensus on hydrology & grade control

Prioritization:

o
o
o
o

Currently – access, infrastructure, field protection, cost
Scale of alteration in watershed
Slope, soils, degree (height) of headcut, size of inlets, # of tiles, watershed size
Field recon of all or some bases on GIS categorization


Use LIDAR



In the bid still needs field verification 1 ravine = 2 days of work
Emmons & Olivier Resources, Inc.
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o
o

Don’t store water right at head of ravine – can lead to failure, groundwater seepage
Use storage of the upper ravine itself, dam is ravine

Conceptual Solution for Scott Co “Whips Site”

•

Group consensus was to focus on watershed hydrology, building of new/enhance existing structures,
then approach ravine with a soft touch, incorporating demonstration project elements

Hydrology Modifications
1. 111 Ac Watershed – What is control for wetland west of CR 11? Road or driveway culvert?
a. Opportunity for enhanced detention in existing wetland/swale
b. Via modification of one or both culverts
c. WREP funding
2. 111 Ac Watershed – Similarly, increase storage at bisected wetland west of CR 11.
a. Wetland restoration
3. 111 Ac Watershed – Raise embankment at existing structure and increase storage thru redesign;
don’t outlet tile into drainage structure
a. EQIP 70% NRCS, 20% Scott WMO
4. 43 Ac Watershed – (Planned) Ravine storage + woody drop structure/stabilization addressing
seepage (already funded similar to #3
5. 19Ac Watershed – Roadway detention upstream of #4
Ravine Stabilization – Soft touch
1. MCC tree thinning, add woody debris, repetitive maintenance downstream of #3 above
2. Address seeps downstream of existing 16Ac drainage structure – 300± linear feet of drain tile
along thalweg to confluence of branches
3. No need to go past confluence ~ relatively stable

Next Steps
1. Report draft out to group
2. Keep up ftp site
3. Consider meeting again in 1-yr/ before LCCMR Grant Funding
4. Presentation at AWRC

Emmons & Olivier Resources, Inc.
651 Hale Ave N, Oakdale, MN 55128

p: 651.770.8448

f: 651.770.2552

www.eorinc.com
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APPENDIX B

Sand Creek Site
– University of Minnesota DRAFT
Data Summary

Sand Creek Ravine Data
The following data were collected on the Sand Creek ravine.
• Longitudinal profile from the top to the bottom of the ravine including both the
north and south branches extending above the main channel.
• Thirteen cross-sections over the length of the profile
• Particle size data in the channel at the lower, middle and upper section of the
ravine
• Soils data including particle size distribution at various locations and soil shear
stress on the clay channel bottom
The data is presented below:
Longitudinal Profile
Lo ngitud inal p ro file
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Figure 1. Longitudinal profile of the North Fork and main stem
The longitudinal profile is similar to most ravines found in the Minnesota River valley.
Steep sloping upper sections giving way to a more gradual gradient as the ravine gets
closer to the bottom. Figure 1. The over all slope of the ravine (0.028 ft/ft) is less than
other Minnesota River ravines shown in Figure 3. The South Fork (Figure 2) is slightly
steeper than the North Fork. There are a couple of small headcuts in the ravine that
should be the focus of some management BMP.

South Fork Longitudinal Profile
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Figure 2. Slope of the South Fork Sand Creek ravine.

Characteristics
Site

Henderson
Seven Mile
Fort
Ridgley
Amboy

Channel
Length

Total
DA

Channel
Slope

ft

acres

percent

Sibley
Nicollet

4253
2367

205
77

5.58
7.61

Nicollet
Blue
Earth

3062

277

5.07

3502

837

1.40

County

Rush River
Sibley
2582
7.07
Figure 3. Ravine characteristics for surveyed ravines in the Minnesota River valley.

Cross-sections
Figure 4 shows the location of the cross- section measurements. They were completed on
the main channel and the North Fork

Figure 4. Location of cross-sections

Table 1. Cross-section data
ID
NXC1
XC13
XC12
XC11
XC10
XC9
XC8
XC7
XC6
XC5
XC4
XC3
XC2
XC1

Distance Width
Area ft2
21
8.6
11.6
315
11.7
17.4
421
18.1
23.5
626
16.7
23.9
639
14.7
18.1
798
17.1
20.7
1042
39.5
52.3
1136
19.5
19.9
1249
27.6
30.2
1340
28.2
36.1
1413
17.2
21.6
1501
22.7
25.7
1559
11.3
13.3
1704
12.4
11.9

Table 1 lists some information on the cross-sections. XC13 is near the top of the main
channel and XC1 is at the bottom (Figure 4). The widths and areas of the cross-sections
do not display the normal trend of increasing with drainage area seen in natural streams.
This is typical for ravines. Local features within the ravine (headcuts, slope changes,
downed trees) tend to mask any small increase in drainage area from the top of the ravine
to the bottom. The actual cross-section plots can be view on the Reference Reach
spreadsheet.

Channel bottom materials
Seven different transects were run to assess the materials in the channel bottom.
Figures 5, 6 and 7 show the materials distribution in the upper, middle and lower sections
of the ravine. The upper reaches are predominated by fines. The steeper slopes washed
most of the loose coarser bed material downstream leaving the clay till exposed over
much of the upper channel reach. The middle section of the ravine had the highest D50 of
approximately 4 mm. This section of the reach had a lesser slope with sand and gravel
deposits covering the channel bottom. The lower section of the reach had a lower D50 of
0.50mm. This could be due to fines depositing in the channel from Sand Creek flooding
and backing up into the lower reaches of the ravine.
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Figure 5. Materials lower channel
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Middle Main Channel
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Figure 6. Materials main channel

Upper Reaches
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Figure 7. Materials upper reach
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Soils data
The soil shear data indicated that the clay till is more easily eroded than other tills in the
basin. The particle size data was taken at the locations shown in Table 2. The soils in the
Sand creek ravine are generally coarser in the channel bed and higher in clay content in
the valley walls when compared with the average values shown in Figure 8.
Table 2. Particle size data
Sample ID
1
2
3
4
5
6

Description
Channel bed
Channel bed
Valley wall
Valley wall
Colluvium
Bench colluvium 150' from
creek

%Sand
90.2
95.2
62.8
61.5
59.0

%Silt
4
0.5
22.8
24.3
25.8

%clay
5.8
4.3
14.5
14.3
15.3

39.0

42.0

19

Particle Size
USDA Classification

Bulk Density
(g/cm3)

Sand

Silt

Clay

Bed n=9

0.63

0.33

0.04

Sandy Loam

1.49

Floodplain
n=12

0.56

0.42

0.02

Sandy Loam

1.36

Location

Valley wall
n=12

0.52

0.46

0.02

Sandy
Loam/Loam

1.38

Figure 8. Average particle size for bed, floodplain and valley wall for Minnesota River
valley ravines.
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APPENDIX C

LeSueur River Site
– National Center for Earth Dynamics
(NCED) DRAFT Data Summary

Ravine Locations and Watershed Area (acres)

RavU90
Rav8

RavL90

Rav22S

Preliminary 2008‐2010 Total Suspended Solids (TSS) Flow Weighted Mean Concentration (FWMC)
Monitoring Period
RavU90
RavL90
Rav8
Rav22S
LES 1.3
Area (acres)
678
988
1,076
581
710,400
5/9/08 to 09/30/08
38
396
583
162
3/25/09‐10/31/09
13
36
35
149
3/22/10 to 8/31/10
127
1,208
1,396
1,004
234
Preliminary 2008‐2010 Total Suspended Solids (TSS) Load (kg)
Monitoring Period
RavU90
RavL90
Rav8
Rav22S
Area (acres)
678
988
1,076
581
5/9/08 to 09/30/08
8,985
148,178
159612
3/25/09‐10/31/09
2,405
9,370
9,791
3/22/10 to 8/31/10
58,020
806,592
816,916
226,685

LES 1.3
710,400
38,010,906
22,433,214
142,614,176

(Rav8+RavL90)/LES1.3
0.29%
0.81%
0.09%
1.14%

3/9
3/14
3/19
3/24
3/29
4/3
4/7
4/12
4/17
4/22
4/27
5/2
5/7
5/12
5/16
5/21
5/26
5/31
6/5
6/10
6/15
6/20
6/24
6/29
7/4
7/9
7/14
7/19
7/24
7/29
8/2
8/7
8/12
8/17
8/22
8/27

Hourly Flow (cfs)

Rav8 2010 Hydrograph
with TSS Samples
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