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Forward

This study was completed as part of larger Clean Water Partnership study of Sand Creek.
Portions of Sand Creek and its tributaries are considered water quality impaired for aquatic life
due to turbidity or to low fish Index of Biological Integrity (IBI) scores. This report provides a
summary and overall diagnosis of the factors creating aquatic life impairments in Sand Creek
and its tributaries. The report is Volume 1 of a four volume set completed over the course of the
project. It provides a summary; readers are referred to the technical documents included as

appendices in Volume 4 for greater detail. Other study VVolumes include:

e Executive Summary. The Executive Summary provides a standalone summary of entire
project and all report volumes.

e Volume 1: Sand Creek Impaired Waters Diagnostic Study. This Volume includes an
assessment of the turbidity and IBIl impairments, watershed characterization, monitoring
and modeling results, and the identification of priority source areas and a summary of
biological stressors.

e Volume 2: Sand Creek Impaired Waters Feasibility Study and Implementation Plan.
This Volume includes modeling results for various potential management strategies,
identification and assessment of management practices and strategies, and an
implementation plan.

e Volume 3: Cedar and McMahon Lakes TMDL Studies. This VVolume includes Draft
TMDLs for two lakes in the Sand Creek Watershed (Cedar and McMahon) that are
impaired for recreation due to excess nutrients. It also includes a TMDL Implementation
Plan for each Lake.

e Volume 4: Sand Creek Impaired Waters Study Appendices. This study includes various

technical documents and supporting reports.

These documents are available from the Scott Watershed Management Organization (WMO) at
952-496-8475, or on the Scott WMO website www.co.scott.mn.us (Parks, Library, &

Environment pull down list, Watershed Management Organization tab). Project partners
include the Scott Watershed Management Organization, Scott County, Scott Soil and Water
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Conservation District, LeSueur County, LeSueur Soil and Water Conservation District, Rice
County, Rice Soil and Water Conservation District, Cedar Lake Improvement District,
Metropolitan Council Environmental Services, and the Minnesota Pollution Control Agency.
The Metropolitan Council in particular contributed a large amount of staff time for developing
and calibrating the SWAT model, and the analysis of management scenarios. The Scott WMO
also wishes to recognize the contributions of BARR Engineering, Inc.; and Inter-fluve, Inc. who
worked as contractors on selected portions of the project. A portion of the funding was provided
by the Minnesota Pollution Control Agency Clean Water Partnership program.
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Section 1 = Introduction

General Project Description

This report is Volume 1 of a four volume study. It was completed as a Clean Water Partnership
Study. Partners included the Minnesota Pollution Control Agency, Scott County, the Scott
Watershed Management Organization (WMO), Rice County, Rice Soil and Water Conservation
District (SWCD), Le Sueur County, Scott SWCD, Le Sueur SWCD, and the Metropolitan
Council. MDNR was also consulted with the Area Hydrology and Area Fisheries staff invited to
participate in project team meetings.

The project area consists of the Sand Creek watershed which covers portions of Scott, Rice and
Le Sueur Counties (Figure 1-1). The project addresses the water quality concerns of Sand Creek,
and an unnamed tributary (Picha Creek) to the Minnesota River in Scott County. These water
bodies are listed as impaired by the Minnesota Pollution Control Agency (MPCA) on the Federal
Clean Water Act Section 303(d) list as follows:
e Sand Creek from the mouth to confluence with Porter Creek is impaired for aquatic life
due to turbidity and fish Index of Biotic Integrity (IBI).
e Unnamed tributary (Picha Creek) to Sand Creek (near Louisville Swamp) is impaired for
aquatic life due to fish IBI.
e Cedar and McMahon Lakes are impaired for recreation due to excess nutrients and

impaired for aquatic consumption due to mercury.

The project was initiated in 2007. The project Workplan is included in study Volume 4 as
Appendix DS-1. The first two years of the project focused on monitoring and the collection and
organization of watershed information including fluvial geomorphic data. The final year of the
study focused on data analysis, modeling and the preparation of report; particularly the

development of a plan to address the impairments which is presented in the second of four
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report volumes produced under this study (i.e., Volume 2: Sand Creek Impaired Waters
Feasibility Study and Implementation Plan). The project also included complementary efforts to
complete draft Total Maximum Daily Load (TMDL) studies for two lakes in the Sand Creek
Watershed. (Cedar and McMahon [also known locally as Carl’s Lake]). The draft TMDLs are
presented in study Volume 3. This project did not complete TMDLs for the listed Sand Creek
impairments for several reasons. First, it was thought that further definition of the impairments
was needed, particularly with respect to the stressors contributing to the IBI impairment so that
TMDLs could be more focused. Second, the Scott WMO and primary local sponsor of the
project, did not feel that completing the TMDL was needed to properly diagnose what the

problems are and make management decisions.

Project Goals and Objectives
Project goals and objectives include:

1) Products of this particular investigation

2) Overall resource goals

3) Preliminary numeric goals

4) Watershed characterization goals

5) Support of goals and objectives in, and implementation of, the Scott WMO approved
Comprehensive Water Resources, and Water Plans of Le Sueur, Rice and Scott Counties

(i.e., Local Program Support Goals).

The project in relation to each of these areas is discussed below.

Products and Outcomes of the Investigation
Products include the preparation portions of the Draft TMDLs for Sand Creek and the unnamed
tributary. Included in Sections 3 and 4 are the following TMDL-related report sections regarding

the turbidity listings for Sand Creek:

1-3

Final 4/16/2010, V1





e Watershed and land use description/characterization,
e Assessment of current loading, including spatial and temporal variation, and
e Characterization of point and nonpoint pollutant sources (using available data previous

studies and proposed field studies and modeling).

For the IBI listing for Sand Creek and the unnamed tributary, the project developed a Biological
Stressor Identification (SI) report which is included in Volume 4 as Appendix DS-2. A summary
of this analysis is included in Section 4 of this report. The Sl process is a formal method for
identifying the causes of biological impairment of aquatic systems through a step-by-step
procedure: assembling the data, listing candidate causes, analyzing the lines of evidence for each

candidate cause, and characterizing the probable cause(s).

Desired administrative and social outcomes include increasing the understanding of impaired
waters, the impaired waters program, and developing the organizational network and capacity to
complete TMDL implementation plans and begin implementation. An analysis of whether the

project achieved the administrative and social outcomes is included in Section 5 of this report.

Overall Resource Goals

Overall resource goals are driven by Goal 2: Surface Water Quality as articulated in the Scott
WMO approved Comprehensive Water Resources Management Plan (Scott WMO Plan) adopted
June 2009:

“To Protect And Improve Surface Water Quality”

There are seven policies and a number of strategies articulated in the plan for achieving this goal.
The following policies and strategies are advanced by this project: They include:
e Policy 2.1: Promote a Sustainable System of Buffers and Green Infrastructure
e Policy 2.3: Address Impaired Waters and Improve Water Quality
o Strategy 2.3.2: Targeted Project Implementation and Capital Improvements

e Policy 2.4 Improve Understanding of Water Quality
1-4
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o Strategy 2.4.1: Complete Diagnostic Studies/TMDLs leading to targeted
implementation and monitoring

o Strategy 2.4.2: Monitoring and Assessment Tools Development

Benchmarking of these goals, and strategies from the Scott WMO Plan will occur as part of the
normal plan revision and update process of the Scott WMO. The Scott WMO anticipates

revising and updating its plan about once every two years.

Numeric Goals
Numeric resource management goals are based on ecoregion references and desired uses as

stated in the Scott WMO Surface Water Quality goal above. Numeric outcomes for specific
water quality include both Standards from State Statute (Minnesota Statutes 7050) and ecoregion
reference values. The Sand Creek Watershed is in the North Central Hardwood Forest
Ecoregion, but reference values will also be considered from the Western Corn Belt Plains

Ecoregion.

For Sand Creek and the unnamed tributary preliminary numeric outcomes for various parameters
are shown in Table 1. These values are also included in the Scott WMO Plan as long term
metrics for evaluating effectiveness of the Scott WMO Plan (Strategy 7.6.2: Use Long Term and
Short Term Metrics to Measure Progress; Scott WMO, 2009). Trace metals and unionized
ammonia are not included in the following table. These parameters were assessed in previous
Scott WMO studies for 2005 and 2006 and were found to not be an issue based on comparison

with State Standards.
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Table 1-1. Numeric Goals for Sand Creek and the Unnamed Tributary

Parameter

Preliminary Goal

Basis

Dissolved Oxygen

Minimum of 5 mg/L

State standard for Class 2b
waters

pH 6.5t09.0su State standard for Class 2b
waters
Total Phosphorus 60 to 150 ug/L Interquartile range for
NCHF ecoregion®
Interquartile range for
160 to 330 ug/L

WCBP ecoregion®

Total Suspended Solids

Goal is to achieve TSS
concentration(s) necessary
to attain 25NTU turbidity

equivalent as follows:

111mg/L Sand Creek
55 mg/L Ditch 10

95 mg/L West Raven Creek

4.8 to 16 mg/L?

10 to 61 mg/L?

Determined by regression
analysis completed by
Metropolitan Council
(2009)

Interquartile range for
NCHF ecoregion?

Interquartile range for
WCBP ecoregion?

Turbidity

25NTU

State Standard for Class 2b
waters.

! Annual interquartile range from McCollor and Heiskary (1993).
2 Will be used for comparison and analysis purposes only, not as a goal.
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Past Studies and Findings

There are no previous studies on the unnamed tributary. However, there are a number of previous

studies and historical data on Sand Creek. These include:

1. Monitoring by the Metropolitan Council at three sites in the Watershed (Sand Creek in
Jordan, and at two tributary sites to Sand Creek: Ditch 10 and West Raven Creek).
Monitoring at the Jordan site commenced in 1989 with 1990 being the first complete year of
monitoring. Monitoring at the other two sites started in 2004. Surface water quality and
biomonitoring results for 2003 and 2004 are reported in Metropolitan Council Reports
(Metropolitan Council, 2004 and 2005). Summary statistics for the 2005 surface water
efforts are reported in the Scott WMO’s 2005 Water Quality Monitoring Report described
below. Biomonitoring results for recent year have yet to be analyzed.

2. The Scott Water Management Organization (Scott WMO) started monitoring 3 sites in the
Sand Creek watershed in 2005. Results of this effort are reported in the Scott WMO 2005
Water Quality Monitoring Report. In 2006 the Scott WMO added two new sites. Results are
presented in Scott WMO annual Water Quality Monitoring reports (Scott WMO, 2007; and
Scott WMO 2008)

Drained wetland and stream bank erosion inventories completed by the Scott SWCD.

4. A study of Raven Creek sediment sources by Dr. Shawn Schottler (2002) entitled
Identification of Sediment Sources in an Agricultural Watershed.

5. A modeling study for sediment and phosphorus covering the period of 1994 through 1996
(Dalzell, et al, 2004).

Information from these reports and efforts are summarized below.

Metropolitan Council Monitoring
Monitoring results in Jordan and at the two Raven Creek watershed sites for 2003 and 2004 are
presented in Metropolitan Council Reports (Metropolitan Council, 2004 and 2005).
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The 2003 report states that the mean Total Phosphorus (TP) concentration was 510 ug/L, with
values ranging from 80 ug/L to 1,100 ug/L. The mean Total Suspended Solids (TSS)
concentration was 480 mg/L, with values ranging between 1 mg/L and 4,400 mg/L. Turbidity
measurements resulted in mean, minimum, and maximum values of 38 NTU, 2 NTU, and 170
NTU, respectively. The 1989 to 2003 TP and TSS flow-weighted mean concentrations were 620
ug/L and 310 ug/L, respectively.

The 2004 mean TP concentration reported was 520 ug/L, with values ranging from 100 ug/L to
1,980 ug/L. The mean TSS concentration was 178 mg/L ranging between 2 mg/L and 1,220
mg/L. Turbidity measurements resulted in mean, minimum, and maximum values of 30 NTU, 2
NTU and 170 NTU, respectively. Efforts in 2004 by the Metropolitan Council also included
macroinvertebrate sampling and the calculation of macroinvertebrate metrics. The Hilsenhoff
Biotic Index was 4.34 indicating very good water quality and only slight organic pollution.
Some of the conclusions in the report with respect to Sand Creek are:
e Sand Creek delivered the highest flow-weighted mean concentrations of TSS and Scott
County Ditch 10 delivered the highest flow weighted mean concentrations of nitrate to
the Minnesota River (of the metropolitan areas streams assessed) in 2004.
e Bluff, Sand and Riley Creeks had the highest pollutant yields (kg/ha) of TSS (of the
metropolitan areas streams assessed) in 2004.
e Scott County Ditch 10, Valley Creek, and Bevens Creek — Upper and Lower, Cannon
River, Vermillion River and West Raven Stream had the highest pollutant yields (kg/ha)

of nitrate (of the metropolitan areas streams assessed) in 2004.

Scott WMO Stream Monitoring

Scott WMO stream monitoring for 2005 and 2006 did not find any problems with trace metals,
unionized ammonia or chlorides. Dissolved oxygen (DO) concentrations measured at the sites
also met State standards. Total Phosphorus, TSS, BOD5 and COD concentrations at the Porter
and Sand Creek sites tended to be higher than ecoregion values for both the North Central
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Hardwood Forest (NCHF) ecoregion and the Western Corn Belt Plains (WCBP) ecoregion. In
addition, most (approximately 80%) of TSS was inorganic rather than volatile organic matter.
Total Ammonia concentrations were lower at all sites (Porter, Sand and Raven Creek) than
ecoregion concentrations. Nitrate concentration for Porter and Sand Creek sites have less
variability and are slightly lower than WCBP ecoregion concentrations, but higher than the
NCHF ecoregion concentrations. Nitrate concentration in Ditch 10 and W Raven were higher

than those for the two ecoregions.

Stream Bank Erosion Survey

In 2005 and 2006 the Scott SWCD completed a survey of stream bank erosion of Sand Creek
and its tributaries in Scott County. They found much of the creek had slight to moderate erosion
with a few areas of severe erosion. Total miles of stream bank with documented stream bank

erosion are 13.6 miles Porter Creek, 12.2 miles Sand Creek, and 5.8 miles Raven Creek.

Raven Creek Sediment Study

In 2000 and 2001 Dr. Shawn Schottler completed a study on Raven Creek (Schottler, 2002) to
quantify the contribution of overland sources versus streambank sources of sediment to riverine
suspended sediment. This was done using radioisotopes and other geochemical tracers to finger
print sources of sediment. The study found that erosion of streambanks accounted for greater
than 70% of the TSS measured during eight storm events in 2000 and 2001. For individual
events, streambank erosion was estimated to contribute 45 — 95% of suspended sediment
loading. Tile drainage networks and runoff from fields with perennial vegetation were
determined to have negligible direct sediment inputs to the creeks in this study. However, the
study also concluded that flow from tile outfalls increases the flashy nature of the stream

hydrograph and exacerbates streambank erosion.

Sediment and Phosphorus Modeling

This study was published in 2004 by Dalzell, Gowda and Mulla. The study developed a model for

Sand Creek and studied the effectiveness of alternative farm management strategies at improving
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water quality to meet TMDLs in agricultural watersheds. The calibrated model was used to evaluate
the effects of conservation tillage, conversion of crop land to pasture, and changes in phosphorus

fertilizer application rate on pollutant loads. The modeling showed that the combination of practices
could reduce sediment and phosphorus loads by 23 percent and 20 percent, respectively. These load

reductions were much less than needed to meet TMDLSs, suggesting the need for additional practices.
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Section 2 — Methodology

Introduction

This section details the methodology used for collected environmental monitoring data,
compiling watershed information, and developing and calibrating the watershed model. Methods
follow those detailed in the project Workplan and project Quality Assurance Project Plan
(QAPP) which are included as Appendices DS-1 and DS-3, respectively. Also included in
Volume 4 as Appendices DS-4, DS-5, and DS-6 respectively are a series of memoranda to File
completed by Scott WMO staff documenting QA/QC review (Paul Nelson, 2009; Nelson,
Robertson, Rockney, 2009; and Robertson, Rockney, and Nelson, 2009). In general data was
found to be of good quality and sufficient for analysis and conclusions in accordance with
project objectives. The exception was flow data from site 145 which was ultimately not used in

the analysis as recommended by the Project Steering Team.

Watershed Characterization

Watershed characterization consisted of the compilation of new and existing GIS coverages for
various watershed characteristics, as well as the completion of two special studies. These special
studies included characterizing the geomorphic setting of Sand Creek and the unnamed tributary,

and assessing aquatic habitat. Methods for the various efforts are described separately below.

GIS Coverages
Several GIS coverages were used and developed for use in watershed characterization and
scenarios in the study. Layers were derived using ArcGIS software version 9.3.1. The following

tasks were completed to generate the maps.

The 2008 NASS (Cropland Data layer) was downloaded from the USDA-RDD National
Agricultural Statistics Service. The layer was converted to a shapefile and clipped to the Sand
Creek Watershed. NASS_RowCrop layer: a select by attribute was done to make a layer with
just cultivated areas. Crops included in the layer were corn, oats, other crops, rye, soybeans,

spring wheat, sweet corn, and winter wheat.
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The Restorable Wetlands layer uses the Scott SWCD wetland inventory for Scott County and the
restorable wetlands layer from Ducks Unlimited website

http://prairie.ducks.org/index.cfm?&page=minnesota/restorablewetlands/home.htm for Rice and

Le Sueur County. Coverages for Derrynane and Lanesburgh Townships in Le Sueur County
were created under this project through a contract with South Dakota State University and added
to the Ducks Unlimited website. For the Scott SWCD inventory, the “D” under the modifier
column was used to show the restorable wetlands. The restorable wetlands layer was used to clip
the NASS_RowCrop layer to show row crop areas that are also restorable wetlands.

The Crop Productivity Index (CPI) was used to find cultivated areas with low productivity. The
CPI layer was clipped using the NASS_RowCrop layer. For the cultivated areas in HEL,
erodible layers from Scott and Rice County were used. Le Sueur County does not have an
erodible layer so the HEL polygons were extracted using SSURGO soils layer and the HEL soils

list.

The cultivated acres within 50 feet of a public water were used to find what areas were being
farmed near water bodies. First a 50 foot setback was created on all public water streams. Then
the MLCCS cultivated polygons were used because they were more closely drawn to actual land
cover. The cultivated areas were clipped out of the setback layer to find areas being farmed
within 50 feet of the stream. Current shapefiles of land in permanent and program filters were
added and an erase was done to remove those areas already in a permanent vegetation along the

stream and no longer being farmed.

High priority riparian areas were calculated for the Sand Creek Watershed using the Stream
Power Index (SPI) methodology outlined in the paper “Identifying Critical Landscape Areas for
Precision Conservation in the Minnesota River Basin” (Galzki, Nelson, Mulla). SPI is a
secondary terrain attribute that measures the erosive power of flowing water. SPI does not
quantify the power of streams, but the power of overland flow. Ten foot resolution Digital
Elevation Models (DEM) were created from contour data for all three counties. Terrain analysis
tools were used to determine contributing areas using slope and flow direction. The results of

the analysis identify Riparian Areas which have both a high SPI and a high potential for soil
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erosion by water. In general, the results largely identified ravines in the watershed. Given the
large amount of field reconnaissance information collected over the course of the study, and the
existing information already known about the locations of ravines it was decided not to present
these results in the report.

Table 2.1 summarizes the GIS layers and data sources used for maps in Volume 1 of the report.

Table 2-1: Summary of GIS Layers and Data Sources

GIS LAYER DATA SOURCE

Cultivated Acres 2008 National Agricultural Statistics Service
(NASS)

HEL (Scott, Rice, & Le Sueur Counties) NRCS SSURGO

Cultivated Acres in HEL SSURGO erodible (Scott & Rice)/SSURGO HEL
(Le Sueur)

Minnesota Stream Habitat Assessment 2007 Sand Creek Geomorphic Assessment

(MSHA) Interfluve, Inc. field data

Restorable Wetlands (Scott County) Scott SWCD

Restorable Wetlands (Rice & Le Sueur Ducks Unlimited

County)

Impaired Waters 2008 MPCA 303(d) List/Draft 2010 303(d) List
for Impaired Waters of the State

Crop Productivity Index MN Land Economics

Cultivated within 50ft of public water MLCCS 2002-2006 cultivated polygons

CREP, RIM, Filterstrips Scott SWCD

Hydrology (Streams) Hand Digitized Coverage by Scott County

Geomorphic Assessment
A fluvial geomorphic assessment was completed on over 100 miles of ground reconnaissance

and 55 miles of windshield survey of the Sand Creek watershed to help diagnose the sources of
sediment and turbidity impairments in the creek. Sand Creek methods were customized using
field forms developed for this project. Field reconnaissance for this project developed
appropriate forms and methods in part from the following existing methodologies:

e Vermont Stream Geomorphic Assessment

e Stream Channel Reference Sites (Harrelson et al. 1994)

e NRCS Rapid Visual Assessment Protocol

¢ Rosgen Level 1-4 classification/assessment
2-3
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e Schumm and Simon Channel Evolution Model
e Simon and/or Rosgen bank erodibility
e WES Stream Investigation (Biedenharn et al. 1997) and USACE Bank Erosion
Analysis (Fischenich and Allen 2000)
¢ Rapid River Reconnaissance (Thorne et al. 2004)
¢ River Styles framework
¢ Montgomery and Buffington Classification (although this was developed for
mountain streams, there are aspects of the system that can be applied to alluvial
streams)
The primary desired outcomes of the assessment were to: improve understanding of stream bank
stability, locate grade control points, determine what is causing accelerated evolution of the
channel, and establish where various stream reaches are with respect to channel evolution. In
addition, a matrix of prioritized potential projects to restore geomorphic processes was
developed for the Scott County portion of the watershed.

Field efforts focused on ground reconnaissance. Public ditches were randomly spot checked and
showed a significant amount of uniformity. Collection of the following field information was
completed:

e General channel condition — channel dimension, bed and banks, bank composition and
stratification, floodplain, floodprone areas, sensitivity, channel adjustment.

e Sediment transport — Capacity, grain size, bar formation etc.

e Channel stability — Active incision, channel evolutionary stage, aggradation,
degradation

e Riparian condition — Type, condition, age, flood signatures etc.

e Potential project field form — Project was scored, photographed and described and
general notes were to be made about site constraints.

e Photograph/Video — Photos were taken on regular minimum intervals to be determined
(typically 500 — 1000 feet). Additional photos were taken at potential projects, areas
of major instability, crossings and other important features.
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e Sediment budget — Inter-Fluve reviewed existing sediment budgets and collected

additional data for future analysis.

e Infrastructure — Bridges, culverts and other major infrastructure were noted and

conditions recorded. Crossings were primarily reviewed for hydraulic influence.

The focus was largely on the more natural channel occurring in Scott County. In Rice and Le

Sueur Counties where there is more ditching, the assessment consisted of a windshield survey.

Habitat Assessment

An assessment of aquatic habitat was completed at approximately 2,000 to 2,500 foot intervals to

document potential habitat stressors in the impaired reaches, and at greater intervals in other

reaches. The Minnesota Stream Habitat Assessment (MSHA) was used for the assessment.

Stream Monitoring

Stream monitoring consisted of both routine efforts and special studies. Routine efforts

consisted of the collection of physical and chemical data at 11 monitoring stations during year

one, and 12 stations during year two. The monitoring sites are described in Table 2-2 and shown

on Figure 2-1. Sample analysis parameters are listed in Table 2-3.

Table 2-2. Stream Monitoring Sites

Site Description

History

Located on Sand Creek
in the City of Jordan at
the crossing of Hwy 282
at River Mile 8.2. 102
Creek Lane South,
Jordan

Sand Creek at
Jordan (JORDAN)

Operated by the Met Council. Full suite of
water quality parameters (nutrients, toxics,
bacteria and conventional parameters), and
physical parameters including flow, stage,

turbidity, and temperature.

Located on Sand Creek
in Scott County at the
crossing of County Road
2. 2377 260" St W, New
Prague

Sand Creek at
County Road 2
(CR2)

Operated by the Scott SWCD for the Scott
WMO since 2004. Full suite of water quality
parameters (nutrients, toxics, bacteria and
conventional parameters), and physical
parameters including flow, stage, rainfall, and
air temperature.

Ditch 10 (D10) Located on County Ditch

Operated by the Scott SWCD for Met
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10 at the crossing of
Church Avenue.
Tributary to Raven
Stream in Scott County.
25405 Church Ave, Belle
Plaine

Council. Transitioning to Scott WMO
oversight. Full suite of water quality
parameters (nutrients, toxics, bacteria and
conventional parameters), and physical
parameters including flow, stage, and rainfall.

West Raven
Stream (WR)

Located on West Raven
Stream at the crossing of
Church Avenue. 26149
Church Ave, Belle
Plaine.

Operated by the Scott SWCD for Met
Council. Transitioning to Scott WMO
oversight. Full suite of water quality
parameters (nutrients, toxics, bacteria and
conventional parameters), and physical
parameters including flow, stage, and rainfall.

Porter Creek at
Jonquil Avenue
(JON)

Located on Porter Creek
in Scott County at the
Jonquil Avenue crossing
near the Scott and Rice
County line. 27598
Jonquil Ave, Elko

Operated by the Scott SWCD for the Scott
WMO since 2004. Full suite of water quality
parameters (nutrients, toxics, bacteria and
conventional parameters), and physical
parameters including flow, stage, and rainfall.

Porter Creek at
Xanadu Avenue
(XAN)

Located on Porter Creek
in Scott County at the
Xanadu Avenue crossing
near the confluence of
Porter Creek with Sand
Creek. 21200 Xanadu
Ave, Jordan

Operated by the Scott SWCD for the Scott
WMO since 2004. Full suite of water quality
parameters (nutrients, toxics, bacteria and
conventional parameters), and physical
parameters including flow, stage, rainfall, and
air temperature.

Sand Creek
Tributary (ST2)

Located on a tributary to
Sand Creek in Scott
County northeast of New
Prague at the County
Road 2 crossing. 1252
260" St. West

Operated by the Scott SWCD for the Scott
WMO since 2005. Full suite of water quality
parameters (nutrients, toxics, bacteria, and
conventional parameters), and physical
parameters including flow, stage, and rainfall.

Raven Stream
(R64)

Located on Raven
Stream at the crossing of
CR 64 in Scott County
near the confluence with
Sand Creek. 3100 230"
St. West

Operated by the Scott SWCD for the Scott
WMO since 2005. Full suite of water quality
parameters (nutrients, toxics, bacteria, and
conventional parameters), and physical
parameters including flow, stage, rainfall, and
air temperature.

East Raven Stream
Tributary (ER2)

Located on East Raven
Stream in Scott County
north of New Prague at

Operated by the Scott SWCD for the Scott
WMO since 2007. Nutrients, toxics, and
conventional parameters including flow,

Final 4/16/2010, V1
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the County Road 2
crossing. 3700 260™ St.
West

stage, and air temperature were recorded at
this site.

Sand Creek (145)

Located on Sand Creek
in Le Sueur County at the
County Road 145
crossing. 14254 300 St.

Operated by the Scott SWCD for the Scott
WMO since 2007.  Nutrients, toxics, and
conventional parameters including flow,
stage, and air temperature were recorded at
this site.

Cody Lake Inlet
(CLI),

Located upstream of
Cody Lake in Rice
County at the 80™ St W.
crossing.

Operated by the Scott SWCD for the Scott
WMO in 2007. Some grab samples were
taken at CLI, but soon found backwater
effects from lake leading to discontinuation of
sampling.

Unnamed
Tributary (UT)

Located on the unnamed
tributary to Louisville
Swamp at frontage road
crossing east of Hwy
169.

Operated by the Scott SWCD for the Scott
WMO since 2007. Nutrients, toxics, and
conventional parameters including flow and
stage were recorded during site visits. No
equipment installed at this site.

Rice Lake Outlet
(RLO)

Located at the outlet of
Rice Lake at the
unimproved lake access.

Operated by the Scott SWCD for the Scott
WMO since 2008. Nutrients, toxics, and
conventional parameters including flow and
stage were recorded during site visits. No
equipment installed at this site.

Table 2-3. Laboratory Analysis Parameters for Stream Sites

Final 4/16/2010, V1

Turbidity

Total Phosphorus (TP)

Total Dissolved Phosphorus (TDP)
Chlorophyll-a (Chl-a)
NO2 +NO3 (NOx)
Total Suspended Solids (TSS)
Volatile Suspended Solids (VSS)

Chlorides
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Stream Monitoring Equipment

A Hydrolab MiniSonde 5 or a Quanta Hydrolab meter was used to take field measurements:
dissolved oxygen (mg/L), turbidity (FNU), conductivity (umhos/cm), temperature (Celsius), and
sometimes pH. The Quanta does not measure turbidity, so a Hach 2100P Portable Turbidimeter
was used to capture turbidity in NTRU’s. Transparency was taken using a Transparency Tube.

Flow measurements were taken with a Sontek Flowtracker or Marsh McBirney flow meter.

Monitoring Frequency

Samples and field measurements were taken up to twenty five (25) times using calibrated meters
and transparency tube measurements, starting with snow melt to include 8 base flow grab
samples and 17 event flow grab samples representing different parts of the storm hydrograph.
The exceptions are the JORDAN, Ditch 10 and West Raven sites where Metropolitan Council

protocol was followed; up to 30 samples were collected including event composite samples.

Water Quality Data Collection

During year one, weekly observations were completed to assess whether or not the Unnamed
Tributary (UT) has sustained or only intermittent flow. Field parameters and flow measurements
were also collected during the first year. Assessment of the data was completed by the Project
Team in January of 2008, and a decision was made to continue monitoring year two the same as

year one.

Data collection at other stream sites included the collection of samples for laboratory analysis;
in-situ measurements of temperature, dissolved oxygen, pH, turbidity, conductivity,
transparency; and stage and flow gaging information. Laboratory analysis was completed by the
Metropolitan Council’s certified lab for the parameters listed in Table 2. The exceptions are the
JORDAN, Ditch 10 and W Raven sites; the Council analyzed a full suite of parameters. Toxics
(trace metals, and total ammonia for calculation of unionized ammonia) were not completed at
the other sites since past monitoring did not show any concern with these parameters. Fecal
coliform bacteria was also analyzed at some of the Scott County sites, but not as part of this
project. Standard operating procedures for the collection of these samples and environmental
data are given in the “Minnesota Pollution Control Agency Water Quality Programs Sampling
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and Monitoring Standard Operating Procedures” (SOPs) manual (2006) and the “Sand Creek
Watershed TMDL and Impaired Waters Resource Investigations Project Quality Assurance
Project Plan (QAPP)” (MPCA, 2007).

Continuous 15 minute stage elevations were recorded at most sites for conversion to flow, based
on rating curves. The exceptions include Cody Lake Inlet (CLI), Lake Pepin Outlet Channel
(CR 142), Rice Lake Outlet (RLO), and the Unnamed Tributary (UT). The CLI site was
originally identified as the “best” site for monitoring in the upper watershed. However, the site
appeared to have backwater conditions from the lakes downstream. Much of the upper
watershed area through the chain of lakes has been ditched with low gradient channels. Based
on year one results, it was determined to not monitor at the CLI1 (CR 142) site because of the
backwater/low gradient conditions. Instead, a grab sampling site was added at the outlet of Rice
Lake (RLO). During year two this site was visited on a weekly basis for in-situ measurements
(DO, turbidity, pH, temperature, conductivity, transparency,) and stage. Every other week a grab
sample was collected from RLO for analysis of the parameters in Table 2. Flow measurements
were taken at various stages throughout the years. Rating curves were developed using SOP 1-13
and 1-15 from MPCA (2006).

Special Studies

e Louisville Swamp Monitoring. This effort consists of grab sampling the inflow and
outflow of Louisville Swamp in order to develop empirical relationships regarding
the behavior of nutrient, sediment and turbidity through the swamp. Field parameters
were measured weekly from June through October 2007, and from snowmelt through
October in 2008 at two inflow points (Sand Creek at 173rd Ave. and the unnamed
tributary (UT) at Hwy169), and one outflow site (LSO). Field measurements include:
stage, turbidity, transparency tube, dissolved oxygen, conductivity, pH, and
temperature. Grab samples were taken 18 times per year (every two weeks) over the
monitoring period. Samples were analyzed for turbidity, TSS, VSS, TP, TDP, NOx
and chlorophyll-a. For 2008, samples were also analyzed for modified settable solids.
This method was modified from Standard Methods method 2540F Settable Solids.
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The modification consists of changing the quiescent time the sample sits from 1 hour
to 24 hours.

e Synoptic Monitoring. Eight times each year monitoring was completed at 35 sites on
Sand Creek and its tributaries in order to obtain a profile of turbidity, dissolved
oxygen, conductivity, and temperature longitudinally along the creek. When
possible, monitoring was limited to a two hour period in early morning to limit the
influence of diurnal variation.

e Continuous Deployment. In 2008, two continuous recording meters were deployed 5
times within Sand Creek and its tributaries to compare data simultaneously. In 2007,
the meters were deployed 4 times. The meters recorded turbidity, dissolved oxygen,
conductivity, and temperature. Deployments covered 3 to 7 days with readings
programmed at 15 minute to 1 hour intervals. One continuously recording turbidity
meter was installed by the Metropolitan Council at the JORDAN site in 2007.

Flux Modeling

Barr Engineering was contracted to assist the Metropolitan Council Environmental Services
(MCES) with the development of a SWAT Model for the Sand Creek watershed by completing
Flux modeling (Flux-dos; US Army Corps of Engineers — Engineer Research and Development
Center [ERDC]; Walker, 1999) for the available water quantity/quality monitoring data. Flux
modeling was used to estimate pollutant loadings for six (6) sites in 2005, eight (8) sites in 2006,
and ten (10) sites each in 2007 and 2008. Pollutant loadings for total phosphorus (TP), total
suspended solids (TSS), and volatile suspended solids (VSS) were estimated for all years at each
site. Barr’s Flux modeling approach followed that used by MCES where the program is run
using multiple years of samples to develop the regressions that were used to calculate annual
loads, which improves the diagnostic statistics in most cases. Electronic files containing the Flux
Model predicted loads on a daily, monthly and annual basis were produced for each monitoring
station. Barr saved a “screen shot” of the plot of concentration vs. flow (or concentration vs.
date, depending on how samples are stratified), showing the stratification scheme and the main
regression relationship used for the analysis. The output files were imported into EXCEL which
was then used to calculate load information to produce summary tables for the Flux output that
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includes one summary table per station giving annual load (kg), annual flow-weighted mean
concentration, and annual flow volume. Additional tables created provide the same information

on monthly and daily basis, so that detailed plots of the pollutant loadings could be prepared.

SWAT Model Development

The Soil and Water Assessment Tool or SWAT (ArcSWAT Version 2.1.3, model code date
October 2008; Winchell et al., 2008) model was used to evaluate the impact of current and future
land management conditions on hydrology and water quality within the Sand Creek Watershed
(SCW). The SWAT model is a distributed, continuous daily time-step, geographic information
system (GIS) based model developed by the U.S. Department of Agriculture - Agriculture
Research Service (USDA-ARS) for the prediction and simulation of flow, TSS, and nutrient
yields from mixed landuse watersheds (Nietsch et al., 2005). The SWAT model incorporates the
effects of climate, surface runoff, evapotranspiration, crop growth, groundwater flow, nutrient
loading, and water routing for different land uses and land management practices to predict
hydrologic response. The SWAT model has previously been used throughout Minnesota to
identify non-point pollutant contributions and evaluate potential corrective actions through Best
Management Practices (BMPs) (Metropolitan Council, 2009 and 2009a; Hanratty and Stefan,
1998; Wang et al., 2008). A complete description of the SCW SWAT modeling effort is located
in Volume 4 of this report.

SWAT Model Approach
The SCW SWAT model was divided into 57 subbasins ranging from 0.60 mi? to 14.86 mi°. The

landscape was subdivided into 893 unique land cover, soil, and slope combinations called
hydrologic response units (HRUSs) in order to simulate the generation and routing of water and
TSS in the landscape and channel. The model inputs used to define the HRUs are listed in Table
2-4. The HRUs were developed using a 10 percent land cover composition threshold and a 20
percent soils threshold. The urban — high density (URHD) land cover definition was not subject
to the 10 percent land cover threshold and therefore completely preserved. Maintaining a large
number of subbasins and the URHD land cover was necessary for predictive scenarios. The
cropped HRUs were defined with a variation of cash grain (corn - soybean) or livestock (corn -

corn - alfalfa -alfalfa) rotations. Tile drainage was also applied to the agricultural HRUs with a
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slope classification of 0-5 percent. Table 2-4 outlines the principal model components applied to
the SCW SWAT model. The route of water and TSS proceeded from the landscape to the
subbasin wetlands and ponds, through the channel, into the main channel, and finally into any
downstream reservoir.

Table 2-4. Sand Creek Model Component Summary

Model Component Data / Routine Applied Data Source
DEM 10-meter (NRCS) USDA, 20009.
Land Cover 2001 National Land Cover Dataset Homer, et al., 2004.

MRLC, 2008.
Hydrology Hand digitized coverage by Scott County
using aerial photography
Soils NRCS STATSGO USDA, 2009a

Meteorological Stations | e 4 Precipitation Stations (Jordan,
#214176; Montgomery, #215571; West
Sand Creek; New Market)

e 2 Climatological Stations (Jordan,
#214176 and Minneapolis-St. Paul
International Airport #215435)

MCWG, 2009

Pond Characteristics PWI (Non-Channelized Wetlands) DNR, 2006.

Wetland Characteristics | National Wetland Inventory (NWI), BWSR
referenced general water depths by wetland USFWS, 2006.
BWSR, undated.

type
Reservoir Characteristics | PWI Channelized, Large Flow-Through DNR, 2006.
Systems
Simulation
(Equilibration) 1997 2000
Simulation (Transient) 2001 — 2008
PET Method Penman-Monteith
Calibration Time Step Daily (Discharge); Monthly (TSS)
Routing Method Variable Storage
HRU Definition 893 HRUs (10% Land cover; 20% Soil
Threshold)
All Urban — High Density land cover was
preserved
3 Slope Classes (0-5, 5-12, 12 — 99)
Drain Tiles Cropped Agricultural Land with 0-5% Slope
Agricultural Rotations C-S, S-C, C-C-A-A Based on information provided
by Scott SWCD (Peters, pers.
comm., 2009)
Point Sources Effluent discharge and TSS loads measured

Data provided by Minnesota

at Jordan WWTP, New Prague WWTP, Pollution Control Agency

Montgomery WWTP, and New Prague WTP
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Calibration Methodology

The transient (i.e. time period specific) SWAT model simulated a 12-year period (1997 — 2008),
consisting of a 4-year equilibration period (1997-2000) and an 8-year calibration period (2001-
2008). The objective of the model calibration was to match the simulated SWAT model outputs
to the measured daily discharge and monthly TSS loads. The model output was statistically
evaluated for the entire simulation period as well as the growing season period (May through
November), allowing for the quantification of simulated snowmelt discrepancies. To improve the

model calibration of a limited number of storms events, no validation period was used.

The primary calibration dataset was collected from the Metropolitan Council-Environmental
Services (MCES) monitoring station at Jordan, Minnesota. The station’s measured discharge and
water quality represents 87 percent of the SCW area, with the remaining downstream fraction
defined as ungaged. The MCES Jordan station captured daily average discharge and total
suspended sediment (TSS) concentrations (from both grab and storm composite samples;
approximately 15 samples per year) between 2001 to 2008. The TSS concentrations were used to
calculate the TSS loads as outlined in the Flux modeling section of this report. There were four
upstream stations that were used as secondary sites to validate the model (Table 2-5); including

Raven Creek, Upper Sand Creek, Sand Creek Tributary, and Porter Creek Stations (Figure 2-2).

To simulate the landscape (non-channel) hydrologic contribution, discharge was calibrated
through the manipulation of the model’s most sensitive hydrologic input parameters. The
discharge calibration of the SCW model was a two-phased approach. First, inverse modeling was
used to achieve the lowest objective function (i.e. sum of the square-weighted residuals) possible
between the measured and simulated average daily discharge. The inverse modeling relied on an
auto-calibration tool called Parameter Estimation (PEST; Model-Independent Parameter
Estimation and Uncertainty Analysis, Version 12.0; http://www.pesthomepage.org). Previous
studies and observed parameter sensitivity through manual calibration were used to determine
the input parameters for calibration, which were based on a combination of assigned parameter

default and measured values. Once a set of model parameters was derived and accepted based on

2-14
Final 4/16/2010, V1





the conceptual framework, the calibration parameters, particularly those representing ponds and

reservoirs, were fine-tuned through manual calibration.

To properly conceptualize TSS delivery, the SCW was separated into two TSS delivery
environments: the upland region above the knick point and the bluff / ravine reach below the
knick point. The upland region above the knick point (Raven Creek, Upper Sand Creek, Sand
Creek Tributary, and Porter Creek subwatersheds) TSS source ratio was conceptualized as 40
percent field contribution and 60 percent non-field (channel, bank, gully, and ravine erosion)
based on the sediment source fingerprint studies of the Science Museum of Minnesota — St.
Croix Research Laboratory (Schottler, pers. comm.) and the National Center for Earth-surface
Dynamics (NCED; Belmont, pers. comm.; MPCA, 2009). Below the knick point (Middle Sand
subwatershed) the source allocation was 25 percent field and 75 percent non-field TSS
contributions. Manual calibration of landscape erosion parameters was first used to simulate the
field contributions at the upland stations and at Jordan. Once the simulated field contribution
from the upland sites (40 percent) and downstream site (25 percent) had been achieved, the

remaining TSS load was simulated using channel erosion parameters.

Table 2-5. Sand Creek SWAT Model Calibration Stations

Monitoring Station Contributing Area Measurement / Calibration
(mi®) Period
Jordan (Middle Sand) 236.15 01/2001 — 12/2008
Contributing Subwatersheds
Raven Creek 66.33 01/2006 — 12/2008
Upper Sand Creek 66.35 01/2005 — 12/2008
Sand Creek Tributary 14.38 01/2006 — 12/2008
Porter Creek 63.39 01/2005 — 12/2008
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Calibration Results

The model performance at the MCES Jordan station was acceptable for 2,922 daily flows and 96
monthly TSS loads that were evaluated. The evaluation of model performance relied on three
routine statistics: Nash-Sutcliffe efficiency, coefficient of determination, and deviation in the
total flow volume or TSS load (Table 2-6). The model was able to simulate all types of
hydrologic conditions, although the spring snowmelt period was highly variable. The model
under-simulated both daily discharge and monthly TSS loads by 12 percent. The majority (92%)
of the discharge deficit originated from snowmelt periods while nearly 70 percent of the TSS
deficit was related to two months — April 2001 and May 2003. The 2001-2008 transient model
calibration produced acceptable statistics when compared to daily flow, annual water budget, and
monthly TSS load, therefore providing the necessary platform to evaluate alternative

management scenarios.

Table 2-6. Sand Creek SWAT Model Calibration Statistic Summary at Jordan MCES

Statistic Acceptable/ Daily Monthly TSS
Good Discharge Load
Range
Nash Sutcliffe Efficiency (NSE) > 0.50 0.74 0.57
Coefficient of Determination (R > 0.50 0.83 0.71
Deviation in Total Vol. / Load (Dy) -12% -12%
2-16
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Section 3;: Watershed Characterization

This section summarizes the physical characteristics of the Sand Creek Watershed in terms of
topography and drainage, soils, geomorphology, aquatic habitat and wetlands, land use and
wastewater management. Most watershed characteristics are documented in GIS coverages.
Maps of some of these characteristics are included in this report where the visual image provides

meaningful information.

Topography and Drainage

The rivers in the Sand Creek watershed are post glacial streams that drain much of southern and
western Scott County, northwestern Rice County, and northern Le Sueur County (Figure 3-1).
The Sand Creek watershed drains an area of 271 square miles; the channels flow through
farmland for much of this area before flowing through the city of Jordan and emptying into the
Minnesota River just south of the city of Carver.

The valley form of Sand Creek is rooted in its post-glacial history. Sand Creek drains through
steep slopes at the edges of the Minnesota River valley, but the steep slopes to the east of Sand
Creek near its mouth, in Jordan, and to the southeast of Jordan were not formed by the erosion of
the Minnesota River. As the Des Moines lobe of glacial ice retreated around 10,000 years ago, it
left behind moraine and till deposits many feet thick across Minnesota. Behind the southernmost
terminal moraine, Glacial Lake Agassiz covered a large region from the Brownsville area north
to central Manitoba. As the lake overtopped the southern moraine, flowing water (Glacial River
Warren) cut down into the deposited glacial sediments and carved out the valley now occupied
by the Minnesota River. Smaller drainages began to develop after River Warren subsided, and
those tributaries to the Minnesota River began to erode the valley walls left behind by the glacial
river. Sand Creek is one of these drainages, and steep valley walls are typical in the middle
reach of Sand Creek, where the channel has cut down into the old glacial river terrace.
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There is little variation in topography through much of the Sand Creek watershed. The
topographic features that are present are primarily glacial in origin, such as moraines, eskers,
kames, and kettle ponds. Kettle ponds are the main feature that has resulted in the occurrence of
land-locked bodies of water. There are many small ponds in the Sand Creek watershed that
historically had no overland outlet and were dependent on precipitation to maintain their form
and function. Through ditching practices, many of these are now hydrologically connected. The
rolling topography, particularly in the Porter Creek watershed, provides for generally good
drainage.

The channels in the Sand Creek watershed are low-gradient for much of their lengths (Figure 3-
2). The only sections with distinctly higher gradients are when the mainstems are flowing
through the steep bluffs of the old glacial river terrace discussed earlier. This occurs on Sand

Creek between about 9.5 and 17 miles from its mouth. Porter Creek and Raven Stream join Sand
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Figure 3-2: Longitudinal profiles for Sand Creek, Porter Creek, and Raven Stream based on the FIS
surveys completed by FEMA. The distance is the upstream distance from the mouth of Sand Creek. The
white square indicates the confluence of Porter Creek and Sand Creek and the white diamond indicates
the confluence of Raven Stream and Sand Creek; the distances for these two tributaries are the distances
upstream from their mouths.
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Creek near the upper extent of this steeper reach, approximately 14 and 16 miles, respectively,
from the mouth of Sand Creek; thus, the Porter Creek and Raven Stream reaches closest to Sand
Creek also feel the effects of the steep bluffs and generally have higher gradients than reaches
closer to the headwaters. The 9.5 miles of Sand Creek closest to its mouth flow along the

historic Minnesota River floodplain and are therefore lower in gradient.

In the headwaters of Sand Creek located in Rice County, typical landforms are rounded, flat-
topped hills, separated by poorly drained flats, wetlands, and lakes. Even the tops of many of the
hills are poorly drained (though not actual wetlands) because they are flat and underlain by
clayey sediments. Wetlands make up a large part of the landscape. Most of the streams have
been straightened into ditches in the headwaters of Rice and Le Sueur counties and the land use
is largely agriculture. Figure 3-1 shows the extent of public ditches. The watershed area in Le
Sueur County has a largely flatter topography and the tributary streams are mostly straightened
ditches. The headwaters drainage in Le Sueur and Rice counties is typically from south to north
into Scott County, flowing through a system of lakes, Cody to Phelps in Rice, and Rice Lake in
Le Sueur. Historically Sand Creek also drained through Sanborn Lake in Le Sueur County.
However, modifications raising the lake outlet changed the gradient such that flow upstream of
the lake altered its course following public ditches around the lake. Under current conditions

stream flow bypasses the lake.

Geology and Soils

The bedrock in the Sand Creek watershed is primarily Upper Cambrian sandstone and siltstone
of the St. Lawrence Formation (Mossler, 1995; Runkel and Mossler, 2006). Surficially, the
watershed is composed primarily of glacial till, except along the Minnesota River, which is
composed of alluvium and terrace deposits (Patterson and Hobbs, 1995; Ellingson, 2003;
Lusardi, 2006). The abundance of glacial till, a material with low permeability because of the
silts and clays that fill in the spaces between the larger grains, provides a layer of protection for

the county’s aquifers that lie in the sedimentary rock below.
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The soils in the Sand Creek watershed are composed primarily of sand, silt, and loam. The

predominance of silt is due to the glacial activity during the Pleistocene Epoch that ended

approximately 10,000 years ago. Glacial lobes from the northeast and northwest carried sand

and clay-based drift from Lake Superior, northwestern Minnesota, northeastern North Dakota,

and Manitoba, and deposited it in southern Minnesota; including throughout Scott, Rice, and Le

Sueur Counties.

The Sand Creek watershed, particularly in the Scott County portion has large amounts of highly

erodible land (HEL). The eastern portion of the watershed holds the larger concentration of HEL

particularly Porter, and Upper Porter Creek subwatershed, as well as HEL in cultivation (Figure
3-3). Table 3-1 below illustrates acres in HEL and cultivated HEL by subwatershed.

Table 3-1: Cultivated and Highly Erodible Land (HEL) by Subwatershed

Final 4/16/10, V1

HEL Cultivated HEL
Acres in % of % of
Subwatersheds Subwatershed Acres Subwatershed Acres Subwatershed
Unnamed Tributary 10,307 2,686 26 760 7
Lower Sand Creek 13,204 2,432 18 425 3
Middle Sand Creek 16,495 3,647 22 1,025 6
Sand Creek Tributary 9,508 2,755 29 1,142 12
Upper Sand Creek 42 A47 5,566 13 2,015 5
Lower Raven Creek 7,827 729 9 636 8
SC Ditch 10 11,331 758 7 724 6
West Raven 9,149 485 5 361 4
East Raven 14,092 632 5 298 2
Porter Creek 31,652 12,358 39 3,214 10
Upper Porter Creek 8,735 3700 42 1,070 12
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Geomorphology

Scott WMO contracted with Inter-fluve, Inc. to complete a Fluvial Geomorphic Assessment as
part of this project. A full copy of their report is included as Appendix DS-& in VVolume 4 of the

study. The following provides a summary of their assessment.

The assessment was completed since streambank erosion inventories conducted in 2005 and
2006 showed there was about 30 miles of existing streambank erosion in Sand Creek and its
tributaries in Scott County. Knowing streams are evolving dynamics systems, it was necessary
to find out where the streams were in their evolution to determine where to target corrections and
where to leave the stream to a stream. Inter-fluve, Inc was hired to complete reconnaissance-
level geomorphic assessment on Sand Creek and its tributaries. This section discusses the
principles behind fluvial geomorphology processes, and then provides a brief summary of Sand
Creek and each of the major tributaries (Figure 3-1). These summaries are brief and there is
quite a bit of variation along each of the streams. Inter-fluve’s report (Appendix DS-7; Volume
4) breaks Sand Creek and the tributaries into multiple reaches for which greater detail is

available. Table 3-2 provides an overall summary of channel condition by stream tributary.

Table 3-2: Sand Creek Watershed Channel Condition Summary

Stream/Tributary Channel Quality’ Stability
Sand Creek Mainstem Poor to Fair Fairly stable/degrading slightly
Porter Creek Mainstem Poor to Fair Fairly stable/degrading slightly
Porter Creek Major Tributary | Poor Stable/slight degradation
Raven Stream Mainstem Poor to Fair Fairly stable, one reach degrading
West Raven Poor Stable/aggrading slightly

With respect to channel stability, riparian, and habitat conditions.

Stable stream systems are in a delicate balance between the processes of erosion and deposition.

Streams are continually moving sediment eroded from the bed and banks in high velocity areas

such as the outside of meander bends and around logs and other stream features. In the slow

water at the inside of meander bends or in slack water pools, some of this material is deposited.
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This process of erosion and deposition results in the migration of rivers within their floodplains.
The process by which streams meander slowly within the confines of a floodplain is called
dynamic equilibrium and refers mainly to this balance of sediment erosion and deposition.
Streams typically have reaches that fall along the continuum of degradation (eroding) to
aggradation (depositing) at any one time in the scale of channel evolution. The location and
character of these individual reaches changes over time. When a stream channel is in
equilibrium, it may move across the floodplain, erode and deposit sediment, but general

planform geometry, cross-sectional shape, and slope R SN

remain relatively constant over human lifetimes (Figure
3-4).

Many factors can influence this equilibrium by altering
the input of sediment and the quantity and timing of

runoff. These factors include soil types, rooted

vegetation that holds soil in place, flashy flows that AL o asa b RS X
. . ) Figure 3-4. Erosion along the cut bank and
erode banks, large rainfall events, or increased sediment deposition on a point bar looking upstream in

pollution that deposits sand or other fine sediment in Reach 10 of Sand Creek.

the channel. When a channel loses its equilibrium due to changes in flood power and sediment
load, it can in turn lose essential habitat features. The fundamental channel shaping variables in
balance are slope, discharge (amount of water flow per time), sediment load and sediment size.
The balance between the amount/size of sediment and slope/discharge is manifested in complex
drainage networks of streams with a specific channel area and slope. Any change in one of the

variables can upset this balance, resulting in either aggradation or degradation of the channel.

For example, given that the primary function of streams and rivers is to transport water and
sediment downstream, changes in land use that affect the timing of runoff can affect sediment
transport. Clearing of watershed forests, row crop agriculture and urban development cause
storm water to reach the stream channel faster, and increase the peak discharge in the stream.

Geomorphically, an increase in stream discharge might result in an increase in channel incision

3-8

Final 4/16/10, V1





or lateral bank erosion, and hence, the amount of sediment being transported downstream. These
changes may also result in changes to channel slope. The stream’s evolution will persist until it
reaches a new dynamic equilibrium between the channel shape, slope, and pattern (Schumm
1984, Leopold et al. 1964).

In a comprehensive geomorphic assessment, the physical attributes of the stream channel are
measured to determine its geomorphic stability and the processes and factors responsible for that
instability. Parameters typically measured include channel planform and profile, cross-section

geometry, slope, watershed land use, riparian vegetation, soils, and channel erosion.

Sand Creek Mainstem

The geomorphology, channel stability, riparian zone, and habitat of Sand Creek have been
negatively impacted by agriculture, industry, and commercial and residential development for
the last 150 years. The quality of the channel, riparian, and habitat conditions throughout the
mainstem of Sand Creek are generally poor or fair, but they do improve slightly in the upstream
half of the watershed.

As part of the field reconnaissance data collected, Interfluve also collected Stream Visual
Assessment Protocol (SVAP) data. The SVAP form was developed by the U.S. Department of
Agriculture (USDA) in 1989 and includes information regarding channel condition, hydrologic
alteration, the riparian zone, bank stability, water appearance, nutrient enrichment, barriers to
fish movement, instream fish cover, pools, invertebrate habitat, canopy cover, riffle
embeddedness, and observed macroinvertebrates. Table 3-3 shows what the score of the SVAP
rates the overall health of the stream.
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Table 3-3: Stream Visual Assessment Protocol Scoring

SVAP
Score Stream Health Rating
<6 Poor
6.1-7.4 Fair
7.5-8.9 Good
>9.0 Excellent

Conditions are poor downstream for a two mile stretch in Section 2 of Helena Township with an
average SVAP score of 5.32. Stream habitat is particularly poor from the mouth, upstream to
173" Street, altered reaches that were created between 1855 and 1937 and that contain a dam and
reservoir within the Louisville Swamp. Sand Creek is fairly stable, though it is degrading
slightly. Channel stability ranges from partially channelized reaches just downstream of the golf
course in Jordan and the reach 1/3 mile south of Hwy 19 in Rice County to fairly healthy and
stable as seen in a 1.2 mile stretch downstream of the golf course. Overall minor degradation is
likely due to increased flows with no change in the sediment supply since settlement and
agriculture began after 1855. Most of the native vegetation was removed when the land was

cleared for agriculture and many drain tiles remove the water from the land and into the channel.

Sand Creek Major Tributary

Most of the Major Tributary in this study area has been straightened into a ditch through active
agricultural fields with only a narrow, or no, riparian buffer. The channel, riparian, and habitat
conditions are poor throughout the Major Tributary with the exception of .5 miles from the
mouth and .7 miles of tributary near the Scott/Rice border, which fared slightly better as they
maintained sinuous channels with some riparian buffer. The channel is degrading through the

Major Tributary because of the historic straightening and channelization.
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Porter Creek Mainstem

The channel, riparian, and habitat conditions are poor or fair throughout Porter Creek with
conditions worsening in the middle reaches due to the straightening of the channels. Most of the
stream from the Bradshaw Lakes WMA to just south of CR 2 are channelized and have a
reduced riparian zone, channel complexity, and habitat potential; the SVAP scores in these four
reaches range from 3.08 to 5.75. Upstream and downstream from these four reaches, the
channels are generally more sinuous and the riparian zone is wider, both of which provide
somewhat greater habitat and result in slightly higher SVAP. The mainstem of Porter Creek is

relatively stable though slightly degrading, similar to Sand Creek.

Porter Creek Major Tributary

Most of the Major Tributary of Porter Creek has been straightened and ditched resulting in poor
channel, riparian, and habitat conditions. A .75 mile stretch inlet to St. Catherine Lake is in
slightly better condition, with SVAP score of 6.83, because its sinuous planform is intact
creating some channel complexity. This stretch makes up only 7% of the entire length
investigated. The remaining 93% of the Major Tributary are in extremely poor condition with an
average SVAP score of 4.4. As a result of the channelization, the Major Tributary is stable with

slight degradation.

Raven Stream Mainstem

The channel, riparian, and habitat conditions of Raven Stream worsen with upstream distance.
The sinuous planform and channel complexity from the mouth of Raven upstream to the
confluence of West Raven have remained relatively intact providing aquatic organisms with
some desirable habitat. This habitat is not particularly diverse with only a few types of instream
fish cover and invertebrate habitat, thus keeping the SVAP scores to a maximum of 7.23.
Upstream from the confluence of West Raven, however, conditions diminish rapidly. The
approximately one mile reach south of the confluence is sinuous but is heavily impacted by
cattle; upstream from 255™ Street W. to a wetland in Section 7 in Lanesburgh, Le Sueur County,

are channelized ditches with no channel complexity and little habitat. Raven Stream is fairly
3-11

Final 4/16/10, V1





stable except the reach impacted by cattle, which is unstable and degrading due to the impacts of

unrestricted cattle grazing.

West Raven

All but the .5 miles from the mouth of West Raven at Raven Stream has been straightened into a
channelized ditch resulting in extremely poor channel, riparian, and habitat conditions. The
riparian zones are thin or nonexistent and the channel complexity is low. Conditions become
slightly worse with upstream distance, but the condition of the entire channel is poor with an
average SVAP score of 3.71. The channel is relatively stable but aggrading slightly.

Aquatic Habitat and Wetlands

One of the largest remaining tracks of Maple Basswood forest in the Twin Cities area grows
along the bluff ravine of the unnamed tributary (Picha Creek). Hardwood forests historically
provided abundant aquatic habitat with shade cover and woody debris in the form of trunks, large
branches and root masses. Large woody debris, as it is commonly known, provides channel
complexity as log jams develop, which cause sediment deposition within, and upstream of, the
log jam and also cause scouring downstream of the log jam. Log jams can cause the channel to
change its course by eroding cut banks or directing flow onto the floodplains, which causes new
channels to form. This channel complexity creates habitat complexity that allows a high
diversity of macroinvertebrate and fish species to survive. Since most of the forests were
eliminated in the late 1800s, many channels have become more stable and less complex,
resulting in decreased habitat complexity and decreased biotic diversity. Additionally, the shade
provided by the hardwood forests is no longer available, likely increasing water temperatures and
reducing the amount of protection from aerial predators. Though much of the Sand Creek
mainstem is bounded by forested floodplains and riparian buffers of variable widths, the upper
portions of the Porter Creek and Raven Stream watersheds have been deforested for agriculture.

This deforestation limits the upstream source of large woody debris in these watersheds.

3-12

Final 4/16/10, V1





The 1855 platmaps indicate that all the streams in the

Sand Creek watershed maintained a high degree of

sinuosity throughout their lengths additionally, the
map indicates that low-gradient wetland channels

were present in only a few locations high in the
watershed (miles 13 to 16 of Porter Creek, the lower 2

miles of West Raven Stream, and the upper reaches of

Raven Stream and Sand Creek).

An analysis of the available data indicates that the
channels were straightened into ditches between the
first survey in 1855 and the first set of aerial
photographs in 1937 (Figure 3-5).

Figure 3-5: Reach 6 of Porter Creek was
sinuous in 1855 and channelized into an
agriculture ditch by 1937.
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The 1855 platmaps indicate that the Sand Creek

channel was sinuous through some of the

5
|

wetland regions and non-existent in others,
suggesting that water flowed diffusely through

some wetland areas rather than along a distinct

channel. Though it can be assumed that these

maps do not precisely indicate the planform of

the channel, it is likely that sinuous channels
were present in some wetlands and not in
others. One difference that was observed in the
1937 photographs was the absence of wetlands
that appeared to be present on the 1855
platmaps and that are currently present within
the Sand Creek watershed (Figure 3-6). The
drought that occurred during the 1930s caused
and created more potential farmland. The
active crop rows visible in the 1937
photographs are still visible within the wetland
on the 2007 aerial photographs, but these areas
are no longer actively farmed and are generally

dominated by reed canarygrass (Figure 3-7).

B ke o e g - ,,)_

Figure 3-6: Portion of Reach 7 of Porter Creek that
was (A) wetland and pond in 1855, (B) farmland in
3-14 1937, and (C) wetland and pond in 2007.
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To determine habitat quality in the streams,
Interfluve collected data in a Minnesota Stream
Habitat Assessment (MSHA) form. The MSHA
form, developed by the Minnesota Pollution
Control Agency (MPCA), is based on the
Qualitative Habitat Evaluation Index (QHEI) and
scores the habitat based on the surrounding land
use, riparian zone (riparian width, bank erosion,
and shade), instream zone (substrate,
embeddedness, cover type, cover amount), and
channel morphology (channel depth variability,
channel stability, velocity type, sinuosity, the ratio
of pool width to riffle width, and channel
development). Analysis was completed for the
MSHA forms approximately every 0.5 miles on
Sand Creek downstream from the confluence with

Porter Creek and on the unnamed tributary where

Figure 3-7: Crop rows currently visible in - the streams were listed as impaired. Elsewhere,
wetlands adjacent to Porter Creek were

part of active farmland in 1937. the reaches varied in length. The maximum

MSHA score that can be achieved is 100. Figure
3-8 shows MSHA scoring throughout Sand Creek watershed.

Ditching and wetland drainage have affected aquatic habitat and wildlife. Channelization and
ditching of streams removes much of the complex in-stream habitat such as riffles and pools.
Draining of wetlands changes the hydrology and ability of the wetlands to support aquatic plants
that in turn, support aquatic wildlife. Thousands of wetlands have been drained for land
production in Scott County alone. There are approximately 8,731 acres of restorable wetlands in
the Sand Creek watershed. Table 3-4 shows the potential acreage of restorable wetlands in each

subwatershed. Figure 3-9 shows that much of this is in the headwaters of the watershed.
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Table 3-4: Restorable Wetland Acres per Subwatershed

Subwatersheds Restorable Acres
Unnamed Tributary 336.15
Lower Sand Creek 245.85
Middle Sand Creek 301.84
Sand Creek Tributary 617.37
Upper Sand Creek 2513.85
Lower Raven Creek 506.38
SC Ditch 10 1141.20
West Raven 983.85
East Raven 1285.71
Porter Creek 524.35
Upper Porter Creek 274.86
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Source: 2007 Sand Creek Geomorphic Assessment, Interfluve, Inc.

Figure 3-8: Minnesota Stream Habitat Assessment Scoring
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Figure 3-9: Restorable Wetlands by Subwatershed of the Sand Creek Watershed





Land Use

Land use information is presented for historic, existing, and future conditions. Future conditions
were assumed to be largely unchanged for areas in Le Sueur and Rice Counties, but that Scott
County would develop as guided in the 2030 Scott County Comprehensive Plan Update.

Historic Conditions

Hardwood forests dominated the Sand Creek watershed prior to the logging that began shortly
after settlement in the 1850s. Today, only scattered remnants remain of what was the Big Woods
ecosystem, an expansive maple-basswood forest that covered 3,400 square miles east of central
Minnesota and stretching to Southern Illinois. The largest remaining tracts of Big Woods near
the Sand Creek watershed are the Cannon River Wilderness Park (1,100 acres), Seven Mile
Woods (700 acres), and Nerstrand Big Woods (1,300 acres), all in Rice County. Some remnant
Big Woods tracts are present in the Sand Creek watershed along the bluff edge from West
Shakopee to the Jordan/Le Sueur area. One of the largest tracts remaining in the Twin Cities

area is in the unnamed tributary (Picha Creek) subwatershed.

Most of the arable land within, and adjacent to, the Sand Creek watershed was converted to
farmland starting approximately 150 years ago. To create this farmland many of the smaller
rivers and streams were straightened and ditched and most of the wetlands were drained.
Settlement began after two treaties were signed with the Dakota Indians in 1851 and 1853. As
settlers arrived, the hardwood forests that dominated the region were removed to make room for

crops.

These 1855 platmaps indicate that all the streams in the Sand Creek watershed maintained a high
degree of sinuosity throughout their lengths additionally, the map indicates that low-gradient
wetland channels were present in only a few locations high in the watershed (miles 13 to 16 of
Porter Creek, the lower 2 miles of West Raven Stream, and the upper reaches of Raven Stream
and Sand Creek).
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An analysis of the available data indicates that the channels were straightened into ditches

between the first survey in 1855 and the first set of aerial photographs in 1937 (Figure 3-5).

Current Conditions

Scott County experienced a housing boom in the early 2000s. From May 2001 through 2006, the
County approved nearly 1,000 lots and issued 1,200 building permits for new homes in the
unincorporated area. The northeastern portion of Scott County absorbed the bulk of this recent
growth, with most new lots or homes created in Credit River, Cedar Lake, and New Market
townships. Thus, most of Scott County and most of the Sand Creek watershed is in agricultural
production. Table 3-5 provides a breakdown of the existing land use by subwatershed.
Currently in Scott County, corn and soybeans are the primary crops with more than 38,000 acres
of corn and 34,000 acres of soybeans harvested in 2005 (http://www.city-
data.com/county/Scott_County-MN.html; for online resources for Scott County, see Appendix
A). In addition, there was less than 1000 acres of wheat and vegetables harvested. Crops
occupied approximately 75% of all farmland, with cattle likely occupying much of the remaining
25%.

Information collected through a phone survey to operators in early 2009 for the West Raven
Creek subwatershed revealed that corn and soybeans are the typical crops grown in the area.
Landowners were asked specific questions about their farming practices between the years of
2006 and 2007. The typical planting date for corn is from the last week of April and May 1%
For soybeans, the typical planting date is the first week of May. Corn and soybean harvest
occurs the first to second week of October. Most of the operator’s crop rotation is alternating
each year between corn and soybeans. One operator has been doing 2 years of corn and 1year of
soybeans and then every five years having the field in alfalfa. Types of tillage used are chisel
plow, cultivator, and riper. The chisel plow and riper are done after harvest either in the last
week of October or in November. The main types of fertilizer/manure application used are
anhydrous, liquid starter, urea, manure, and MAPP. These applications are typically done in the
3-20
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Table 3-5: Existing (2001) Land Use!

Subwatershed 1D Agriculture | Forest | Grassland | URHD® | URLD* Vfl)sti?s Wetlands®
Area (acres) Total

Porter Creek 15,327 | 4,219 15,968 9 1,562 957 2,517 | 40,560
(Upper Porter Creek) 3,350 701 3,763 7 325 23 462 8,632
(Lower Porter Creek) 11,977 | 3,518 12,205 2 1,237 934 2,056 | 31,928
Sand Creek Tributary 4,773 786 2,985 7 415 6 231 9,202
Upper Sand Creek 20,992 [ 3,135 11,836 274 2,760 1,828 1,633 [ 42,458
Raven 30,684 | 1,850 6,131 296 2,364 128 996 | 42,449
(SC Ditch 10) 9,074 289 1,103 0 404 22 249 [ 11,141
(West Raven) 5,884 273 1,183 2 286 4 189 7,822
(East Raven) 9,044 716 2,329 289 1,306 102 490 | 14,276
(Lower Raven Creek) 6,682 572 1,516 5 368 67 9,210
Middle Sand Creek 6,697 | 2,175 4,653 105 1,115 1,146 554 | 16,446
Lower Sand Creek 5292 | 1,869 3,384 421 800 87 623 | 12,476
Unnamed Tributary 4,655 | 1,166 3,410 29 592 259 474 | 10,584
Land Cover Totals 88,421 | 15,201 48,366 1,140 9,609 4,409 7,028 | 174,174

1: Land cover classification based on NLCD 2001 spatial dataset.
2: Major subwatershed data in shaded bold; associated minor subwatershed data indicated by

parentheses.

3: URHD = urban high density. This classification was applied to roadways, commercial, and industrial

areas

4: URLD = urban low density. This classification was applied to rural residential (developed area only),

low and medium density residential, and

institutional areas

5: Water areas were determined by NLCD land cover dataset. Open water was differentiated from

wetland by PWI (MNDNR public waters inventory spatial dataset)
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fall after harvest and 150-170 Ibs. are applied per acre. All of the operators had drain tiles
located on their farm with a general depth ranging from 4-6ft. Only one of the operators had a
grazing operation with a typical grazing rotation going from May 20™ to October 1%. All of the
operators had some type of conservation practice on their farm. Filter strips, harvestable and
nonharvestable, and CRP are the two main types of conservation practices in place. Terraces,
grassed waterways, nutrient management, and stream bank stabilizations were also employed on
some of the farms. Lastly, the conservation programs and practices needed are more filter strips,
buffer strips, and stream bank stabilization. This information was used to make informed
assumptions of cropping practices for SWAT model development and calibration presented in

Section 2.

Future Conditions

Planned future development in the Scott County 2030 Comprehensive Plan Update describes five
broad designations; agricultural, urban, rural, commercial, and park/open space. The plan also
has urban expansion areas around the cities of Jordan and New Prague. Blakely Township area
is designated as an agricultural preservation area to protect and preserve agricultural uses and
limiting residential development to very low densities. An agricultural transition area has been
designated for the southern halves of Belle Plaine and Helena Townships and protects
agricultural uses as an interim land use before eventual urbanization occurs beyond 2030. Urban
expansion areas are focused around cities current boundaries and urban transition areas extend
from Highway 13 (Langford Avenue) to the west encompassing the downstream reaches of
Porter Creek and Raven Stream. The rural residential growth areas are the southern portion of
Credit River Township and west covering part of Spring Lake Township and an area north of
Elko New Market. These areas are categorized to encourage reasonable residential growth
which will likely never be served by a regional or sanitary sewer system, but currently lack the
infrastructure to support additional growth. While the rural residential reserve area covering the
eastern side of Cedar Lake Township and the northwestern area of EIko New Market is
categorized to reserve land for additional rural residential development when the necessary
infrastructure has been planned. Thus, some urban growth is expected in areas directly tributary
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to Sand Creek from growth of the two cities; and to East Raven Creek where much of the city of
New Prague drains. Little change is expected in the Ditch 10 and West Raven subwatersheds
which are guided for agriculture. Porter Creek and Sand Creek subwatersheds will see a
decrease in agriculture and an increase in large lot rural residential (2.5 to 10 acre lots). Rice and
Le Sueur county portions of the watershed are not expected to change significantly over the next

20 years. Estimated future 2030 land use acreages by subwatershed are given in Table 3-6.

Wastewater Management

Wastewater management in the rural areas of the Sand Creek watershed is provided by on-site
Individual Sewage Treatment Systems (ISTS). However, there are six permitted Wastewater
Treatment Facilities that discharge to Sand Creek. Permit conditions for these discharges are
presented in Table 3-7.
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Table 3-6: Estimated 2030 Land Use

Agriculture, Acres Forest, Acres Grassland, Acres | URHD?®, Acres URLD? Acres | Open Water®, Acres | Wetlands®, Acres | Subbasin
Totals
Subwatershed 1D? 2030 Change | 2030 | Change | 2030 Change | Acres | Change | 2030 | Change 2030 Change 2030 | Change
15,293 -34 | 4,218 -1 | 16,004 36 9 0| 1,561 -1 957 0 2,517 0 40,560
Porter Creek
(Upper Porter Creek) 3,350 0 701 0 3,763 0 7 0 325 0 23 0 462 0 8,632
11,943 -34 | 3,517 -1 12,241 36 2 0| 1,236 -1 934 0 2,056 0 31,928
(Lower Porter Creek)
sand Creek Tributary 4,750 -23 785 -1 2,983 -2 8 1 439 24 6 0 231 0 9,202
20,383 -609 | 2,936 -199 | 11,342 -494 521 247 | 3,815 1,055 1,828 0 1,633 0 42,458
Upper Sand Creek
Raven 30,116 -568 | 1,742 -108 5,844 -287 822 526 | 2,801 437 128 0 996 0 42,449
(SC Ditch 10) 9,074 0 289 0 1,103 0 0 0 404 0 22 0 249 0 11,141
(West Raven) 5,884 0 273 0 1,183 0 2 0 286 0 4 0 189 0 7,822
(East Raven) 8,477 -567 612 -104 2,054 -275 811 522 | 1,730 424 102 0 490 0 14,276
(Lower Raven Creek) 6,681 -1 568 -4 1,504 -12 9 4 380 12 0 67 0 9,210
Middle Sand Creek 5,577 -1,120 | 1,597 -578 3,664 -989 343 238 | 3,566 2,451 1,146 0 554 0 16,446
3,214 -2,078 858 -1,011 1,447 -1,937 | 1,816 1395 | 4,433 3,633 87 0 623 0 12,476
Lower Sand Creek
. 4,567 -88 | 1,154 -12 3,306 -104 29 0 795 203 259 0 474 0 10,584
Unnamed Tributary
83,900 -4,521 | 13,290 -1,911 | 44,590 -3,776 | 3,548 2408 | 17,411 7,802 4,409 0 7,028 0 174,174
Land Cover Totals

b

institutional areas
5: Water areas were determined by NLCD land cover dataset. Open water was differentiated from wetland by PWI (MNDNR public waters
inventory spatial dataset)
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. Land cover classification based on NLCD 2001 spatial dataset updated for Scott County 2030 land use plan.
Major subwatershed data in shaded bold; associated minor subwatershed data indicated by parentheses.

URHD = urban high density. This classification was applied to roadways, commercial, and industrial areas
URLD = urban low density. This classification was applied to rural residential (developed area only), low and medium density residential, and






Table 3-7: Point Sources Tributary to Sand Creek

Point Source Location Watershed NPDES Permit | Design Flow Non- TSS TP
(Issuance) (mgd) Degradation Limit® Limit®
(Expiration) Flow®
(mgd)
Montgomery | Montgomery | Upper Sand MNG55016 0.968 0.78 30 mg/L 1 mg/L
WWTP? (6/29/2007) 44 ton/year | 2,300 Ib/year
(4/30/2012)
Seneca Foods | Montgomery | Upper Sand MNO0001279 0.65 N/A 30 mg/L N/A
Cooling Water? (4/11/2008) 30 ton/year | 99 Ib/year®
(3/31/3013)
New Prague New Prague | East Raven MNO0020150 2.5 0.942 30 mg/L 1 mg/L
WWTP (8/11/2006) 84 ton/year | 4,100 Ib/year
(12/31/2011)
New Prague New Prague | East Raven MNG640117 0.005 N/A 30 mg/L N/A
WTP? (7/31/2007) 0.23 ton/year | 0.8 Ib/year’
(6/30/2012)
B&F New Prague | East Raven MNG790098 N/A N/A N/A N/A
Manufacturing® Terminated
01/01/2006
Jordan WWTP Jordan Lower Sand MNO0020869 1.289 0.4868 30 mg/L 1 mg/L
(3/25/2005) 59 ton/year | 4,000 Ib/year
(2/28/2010)

T WWTP = wastewater treatment plant

% No discharge to Sand Creek watershed since ca. 1999. Point source was included in Year 2030 model.

$WTP = drinking water treatment plant

* MPCA records indicate minimal, infrequent flow. Not included in model.

> Non-degradation flow set by MPCA as part of Lake Pepin TMDL, based on potential TP load.

®TSS and TP limits set as part of NPDES permitting process. Estimated annual loads based on either design or non-degradation flow
(whichever is lower) and permitted concentration limit.

" TP concentration estimated as 0.05 mg/L based on limited groundwater samples collected by MPCA at New Prague
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Section 4 — Assessment of Impairments

Introduction

This section of the Diagnostic Study provides an assessment of the aquatic life impairments —
turbidity and fish Index of Biological Integrity (IBI). The section is divided into five
subsections. The first subsection focuses on whether monitoring data collected identified any
new impairments or areas of impairment. The second section provides an assessment of runoff
yield. The third subsection provides an assessment of the turbidity impairment spatially and
temporarily, and the relationship of turbidity to other parameters. The fourth subsection provides
a summary of the Biological Stressor Identification analysis which identifies the most probable
stressors causing the IBI impairment. The full Biological Stressor report is included in Volume
4: Appendices as Appendix DS-2. The last section provides a summary of the results of selected

lake monitoring.

This assessment primarily focuses on impairments that were known at the beginning of the
study, and new draft listings for turbidity. Additional information will be needed before detailed
assessment and diagnosis can be completed for new draft impairments linked to other stressors.

QA/QC efforts for the assuring quality of the data are reviewed in a series of Technical
Memoranda by the Scott WMO (Paul Nelson, 2009; Nelson, Robertson, and Rockney, 2009; and
Robertson, Rockney, and Nelson, 2009). These memoranda are also included in the report
Volume 4: Appendices as Appendices DS-4, DS-5, and DS-6, respectively. Data was found to
be of good quality and sufficient for analysis and conclusions in accordance with project
objectives. The exception was flow data from site 145 which was ultimately not used in the
analysis as recommended by the Project Steering Team.

Results in this section are frequently presented by subwatershed. This could be done because
monitoring stations were placed to isolate subwatersheds, and facilitate the development of

management strategies by subwatershed. The naming convention for the subwatersheds is
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presented in Figure 4-1. Corresponding monitoring site locations and names are shown on
Figure 2-1 in Section 2.

Subwatersheds of Sand Creek
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Figure 4-1. Subwatersheds of Sand Creek
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New Impairments

Monitoring data collected over the course of the project was submitted to the MPCA for
inclusion in the STORET data base. This data was assessed by the MPCA and reviewed by the
Professional Judgment Team as part of MPCA’s biannual efforts to keep the 303d list of
impaired waters in Minnesota up to date. For the Sand Creek watershed this analysis and review
resulted in new listings on the draft 2010 303d list. These include:
o Porter Creek from its headwaters to Sand Creek impaired for aquatic life due to turbidity
¢ Raven Creek from the East Branch of Raven Creek to Sand Creek impaired for aquatic
life due to chloride
e East Branch of Raven Creek from the headwaters to Raven Creek impaired for aquatic
life due to chloride
e Sand Creek South Line to Raven Creek impaired for aquatic life due to turbidity and
chloride

e South Creek from Raven Creek to Porter Creek impaired for aquatic life due to turbidity

These are in addition to the existing known impairments for fish IBI in the unnamed tributary
(Picha Creek) and the lower reaches of Sand Creek, the turbidity impairment in the lower reaches
of Sand Creek, body contact recreation impairments due to fecal coliform bacteria in County
Ditch 10 and West Raven Creek, and recreation impairments in Cedar and McMahon (Carl’s)
lakes due to excessive nutrients. All impaired reaches in the Sand Creek watershed, both new

and existing from the draft 2010 303d list are shown on Figure 4-2.

Runoff Assessment

Important to the overall diagnosis of water quality is identification of the source and magnitude
of runoff. The same Flux model analyses that were used to develop the total suspended solids
(TSS) loads, described below, were also used to developed hydrologic loads and yields. These
runoff yields are graphically presented by subwatershed for 2007 and 2008 in Figures 4-3 and 4-

4, respectively. The naming convention for the subwatershed is shown on Figure 4-1.

4-3

Final 4/16/2010, V1





Impaired Waters of Sand Creek
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Figure 4-2. Impaired Waters in the Sand Creek Watershed
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Sand Creek Watershed 2008 Water Yield (Inches)
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The middle Sand Creek subwatershed had low yield in both 2007 and 2008. Runoff yields for
Porter, Upper Porter and Sand Creek Tributary subwatersheds were in the higher range in 2008
as compared to 2007. However, in Raven Creek some subwatersheds were high compared to
others in 2007 but then low in 2008. It is not surprising that East Raven has a higher yield than
others since its flow is augmented by the discharge from the City of New Prague WWTP.
However, the Project Team decided that the Ditch 10, West Raven and Raven subwatershed

results should be used with some caution.

There were periodic problems with beaver dams affecting the stage levels at the D10 and West
Raven monitoring sites during 2007 and 2008. Care was used when developing the hydrographs
for these sites to use field notes to identify periods when the sites were affected by backwater
from the dam(s), and during those periods stage was predicted from relationships developed at
other sites rather than the affected site (see Appendix DS-8 for details regarding hydrograph
development). This introduces some uncertainty for the two sites, and it may be that the
differences between the two years is a function of uncertainty of the hydrologic load coming into
the Raven subwatershed from these sites from one year to the next. There is good confidence in
the hydrograph at the outlet of the Raven Creek subwatershed at site R64. Therefore, yields
were also estimated for the entire Raven Creek watershed including the Raven, Ditch 10, West
Raven and East Raven subwatershed subtracting out the amount of augmented flow by the New
Prague WWTP. These estimated yields were 6.8 inches for 2007, and 5.3 inches for 2008
placing the entire Raven watershed in the middle range of runoff yield. The uncertainty
regarding the flows from the upper Raven Creek subwatersheds does not affect the SWAT
modeling results since the model was calibrated for the entire Raven Creek watershed at site
R64.
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Turbidity and Total Suspended Sediment Assessment

This assessment of turbidity focused on evaluating the relationship between turbidity and other
sediment related variables, comparison with the standard, documenting spatial and temporal
variability, evaluating the affect of Louisville Swamp, and evaluating the magnitude of point

versus nonpoint source loads.

Relationships Between Turbidity and Sediment-Related Variables

The threshold for turbidity impairments, 10% of measurements exceeding a turbidity reading of
25 NTU, is straightforward. The process used to compare data in other units of turbidity and
TSS data to the 25 NTU standard requires additional explanation. Figure 4-5 is a graphical
representation of the relationships developed between the data sets used for this project. The
central link is formed by the laboratory sample analysis, which was deemed most reliable link to
the other measurements of turbidity.

Laboratory turbidity (NTRU) and Standard (NTU). Laboratory turbidity readings, converted
to NTRU and then to NTU, were used as the basis for the duration curves. This study used the
methodology developed by the MPCA for paired NTRU — NTU turbidity data, which is
described in detail by Johnson (2007), included as Appendix DS-8 in report Volume 4. Time-
series plots of the lab turbidity readings (following conversion to NTU units) are included in
Appendix DS-9 in report Volume 4, along with percentage of exceedances above the 25 NTU
standard for each monitoring site.





Continuous Data

regression with
lab samples

lab samples;
regression

MPCA equation;
log & anti log
regressions

25 NTU Standard

Figure 4-5. Sand Creek Watershed Sediment-Related Monitoring Data Relationships

Laboratory turbidity (NTRU) and Total Suspended Solids (TSS, mg/L). A conversion from
turbidity to TSS is necessary to describe the amount of solids (sediments) that corresponds to a
specific turbidity reading in NTRU, and to the corresponding 25 NTU standard. This could be
done reliably in this watershed because the monitoring database contained TSS and NTRU data
pairs for almost all samples in 2007 and 2008 at all of the sites, as well as older data at several of
the sites. The TSS — NTRU relationship was best described by statistical regressions that varied
slightly, depending on the site. Regression coefficients and R? values are shown in the graphical
representations of the regressions included in Appendix DS-9. Table 4-1 contains the TSS
equivalent to 25 NTU used in this analysis. These values are taken by converting 25 NTU to
NTRU using the equation in Appendix DS-8, then applying the NTRU to TSS conversion. All
of the regression graphs are included in the Appendix DS-9. Metropolitan Council (2009b)
previously estimated that the TSS concentrations that were equivalent to a turbidity of 25 NTU
for the West Raven and Ditch 10 monitoring sites were 95 and 55 mg/L, respectively. The
equivalent TSS concentrations determined for Ditch 10 are comparable, but the West Raven TSS
concentration determined by Metropolitan Council (2009b) is considerably higher than the 65
mg/L equivalent concentration determined from the available data (2007-2008) used for this

study. The difference at West Raven is likely due to the fact that the longer-term dataset used by
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Metropolitan Council contained some samples with significantly higher TSS concentrations

collected under higher flow conditions that those observed during the 2007-2008 time period.

Continuous turbidity (FNU) and MDH Laboratory turbidity (NTRU). For each
gauge/monitoring site, sample data taken to the lab (STORET database) in 2007 and 2008 was
correlated by date and time to specific turbidity measurements in the database using the
regression analysis that best described the relationship between FNU and NTRU turbidity units.
All of the regression graphs are included in the Appendix DS-9 in report Volume 4. The
regression equations and goodness of fit (R?) parameter for each monitoring site are shown in
each graph. Figure 4-6 shows the regression developed using all of the FNU and NTRU
turbidity data collected in the Sand Creek watershed. This relationship was applied to the
continuous turbidity data collected at the CR8 station, which did not have laboratory sample

results.

Table 4-1. Lab and Field Turbidity, TSS Relationships for Sand Creek Stream Stations

Surrogate Levels to 25 NTU Turbidity Lab Turbidity

Standard Exceedance

Percentage

Turbidity TSS (2005-2008)

Site ID Tributary (FNU) (NTRU) (mg/L)
145 Sand Creek 52.1 39 52.1 35%
CL1 Sand Creek 56.7 39 53.4 0%
CR2 Sand Creek 48.9 39 61.9 33%
D10 Raven Creek -- 39 557 13%
ER2 Raven Creek 54.8 39 62.9 4%
JON Porter Creek 64.9 39 93.8 20%
LSl Sand Creek 71.7 39 57.2 0%
LSO Sand Creek 60.5 39 62.8 37%
R64 Raven Creek 52.8 39 46.4 15%
RLO Sand Creek 46.4 39 68.2 0%
ST2 Sand Creek 58.7 39 40.7 2%
uT Picha Creek 53.1 39 60.2 0%
W Raven Raven Creek 56.7 39 95° 13%
Jordan Sand Creek 53 39 1117 36%
XAN Porter Creek 54.1 39 63.2 17%
CR8 Sand Creek 56.5° 39 -- -

'Based on MPCA Regression discussed in Appendix DS-8
’Based on Metropolitan Council regression.
$Based on Figure 4-6.
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Figure 4-6. Lab and Field Turbidity Relationship for Sand Creek Watershed Stream Sites

Appendix DS-9 includes graphics showing how volatile suspended solids (VSS) concentrations
were related to TSS concentrations determined from the laboratory samples collected from each
monitoring site. In general, VSS is typically a small fraction (typically less than a third) of the
observed TSS levels at most of the monitoring stations, especially under high TSS or higher flow
conditions. VSS is a more significant fraction of the TSS observed at the monitoring stations
(145, RLO, CR2) that were downstream of the headwater lakes. Chlorophyll-a concentrations
were also plotted against the VSS concentrations determined from the laboratory samples
collected from each monitoring site to evaluate whether algae growth was correlated with the
organic fraction of suspended solids. The results of the graphics (included in Appendix DS-9)
suggest that there are strong correlations between chlorophyll-a and VSS concentrations at the
145, RLO, CR2 and CL1 monitoring stations, but weaker correlations at most of the remaining
monitoring sites. As a result, the data suggest that algae may be contributing more to the
observed turbidity levels at the monitoring stations downstream of the headwater lakes.
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Comparison with Standard

As previously discussed, the threshold for turbidity impairments is based on 10% or more of the
measurements exceeding a turbidity reading of 25 NTU. Table 4-1 shows how the available lab
turbidity data compared to the 25 NTU standard between 2005 and 2008 for each of the
monitoring sites. The results show that Raven Stream R64, Ditch 10, and West Raven, the Porter
Creek sites JON and XAN, and the Sand Creek stations at 145, CR2, LSO and Jordan are the
sites that exceeded the 10% listing threshold during the study period. Table 4-1 shows that no

turbidity sample results exceeded the standard at the Rice Lake outlet.

It is expected that the exceedance percentages shown in Table 4-1 are conservatively high
relative to the listing threshold, since the monitoring protocols followed by Metropolitan Council
and this study are biased by more collection of wet-weather samples, relative to the long-term
flow conditions at each of the respective stream monitoring sites. An analysis of continuous
turbidity monitoring data collected by Metropolitan Council at the Jordan site during 2007 and
2008 indicates that the 90™ percentile reading was 38.4 FNU, which is well below the 53 FNU
reading shown in Table 4-1 as being equivalent to the 25 NTU standard. This dataset represents
more of an unbiased comparison to the turbidity listing threshold and shows that the standard
was being met more than 90 percent of the time at the Jordan site. More discussion of
continuous turbidity datasets compiled for this study follow in the section, Temporal Variability
of Monitoring Data. However, staff at the Scott WMO do not feel that that data support listing
Raven Creek, Ditch 10 or West Raven as impaired given the percent exceedences close to 10%,
and the biased sampling protocol. Staff, however, did concur with MPCA decision to add Porter

Creek to the impaired waters list.

Spatial Variability of Monitoring Data

The basic stream monitoring stations, which had equipment for continuous flow measurements,
were combined with the water quality sample results to estimate TSS loadings and water yield at
each site. The Flux Model was used to estimate the annual TSS loads and flow volumes
observed at each monitoring station. Table 4-2 summarizes the results of the Flux load estimates
for the TSS and flow data collected between 2005 and 2008 at each monitoring station. The
results show that the TSS loadings for the four major downstream monitoring stations (i.e., R64,
CR2, ST2 and XAN) combine for less than 35 percent of the 2007 and 2008 loading at the

Jordan station even though the cumulative watershed area for these stations represents 89 percent
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of the total watershed area at Jordan. As a result, the flow-weighted mean TSS concentrations at
the Jordan station for 2007 and 2008 were more than 2.1 times higher than the annual flow-
weighted mean TSS concentrations for any of the other four major downstream monitoring
stations.

The results of the FLUX modeling (shown in Table 4-2) were used by the Metropolitan Council
to develop the spatial TSS yields for 2007 and 2008, shown in Figures 4-7 and 4-8, respectively.
Both figures show relatively consistent suspended sediment watershed yields, spatially, during
2007 and 2008. Figures 4-7 and 4-8 show that the Jordan Middle Sand Creek subwatershed,
downstream of the four major tributary monitoring stations, provides TSS vyields that are
approximately 5 to 10 times higher than the remaining areas of the Sand Creek watershed during
2007 and 2008. The downstream portion of Raven Stream contributes the next highest
subwatershed TSS yield, followed by the main stem of Sand Creek and the two Porter Creek
subwatersheds. Yield results for the Porter Creek (Xanadu) subwatershed, however, may be
understated based on watershed characteristsics. This subwatershed has a number of small lakes
that likely provide some sedimentation, while the results for yields are based on the net change in
TSS between the XAN and JON monitoring sites. Considering sedimentation, the actual yield of
TSS within the subwatershed is higher than that presented for the net change in Figures 4-7 and
4-8.

The Rice Lake outlet (RLO) site, located within the CR2 subwatershed, was monitored in 2008
because it was thought that the flow coming out of the lake was clearer than other sites.
Comparing the laboratory results from the RLO grab samples to the FLUX modeling results for
CR2 indicates that the respective median and maximum TSS concentrations of 7 and 65 mg/L at
RLO are considerably lower than the flow-weighted mean TSS concentration of 112 mg/L at
CR2 (shown for 2008 in Table 2). As a result, it is expected that a significant portion of the TSS
yield observed at the CR2 site, shown in Figures 4-7 and 4-8, is occurring downstream of Rice
Lake.
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Table 4-2. FLUX Modeling Results for Sand Creek Watershed

Station

Annual TSS Load (kg)

Flow-weighted Mean TSS
Concentration (mg/L)

Annual Flow Volume (acre-ft)

2005

2006 2007

2008

2005

2006 | 2007 | 2008

Ditch 10 346,950 401,809 420,821 187,468 44 48 44 41 6,336 | 6,767 | 7,789 | 3,724
West

Raven 409,339 473,675 257,299 193,600 69 75 61 56 4791 | 5,117 | 3,414 | 2,809
ER2 - - 286,369 134,079 - 21 17 - - 10,974 | 6,509
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Figure 4-7. 2007 Sand Creek Watershed TSS Yield
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Figure 4-8. 2008 Sand Creek Watershed TSS Yield
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The individual TSS sample results were combined with the associated flow duration
characteristics at each of the continuous stream monitoring stations to develop load duration
curves that could be used to further evaluate the water quality variability under varying flow
conditions throughout the watershed. Figures 4-9 through 4-17 provide the TSS load duration
curves for each of the stream monitoring stations in the Sand Creek watershed. Each figure
shows the loading goal associated with the flow percentiles at each site that would correspond
with meeting the TSS concentration, shown in Table 4-2, used as the surrogate for the 25 NTU
turbidity standard.

Figure 4-9 shows that the TSS goal for Sand Creek at Jordan (based on Metropolitan Council,
2009) is more likely to be exceeded under higher flow conditions. Figures 4-10 through 4-13
shows that Raven Stream, Porter Creek and Sand Creek at CR2, respectively, may be slightly
more likely to exceed the TSS goal under higher flow conditions, but the magnitude and
frequency percentage of exceedances are far less than Sand Creek at Jordan (shown in Figure 4-
9). Figures 4-14 through 4-17 show that the TSS goals have only been exceeded between one
and three times each for Sand Creek at ST2, Ditch 10 (D10), and East Raven (ER2) streams

under any of the flow conditions, and have not been exceed for West Raven (WR).

It should be noted that the period of record for water quality sampling of Sand Creek at Jordan is
considerably longer (19 years) than the other sites (3-4 years). As a result, several of the high
flow samples that exceeded the TSS goal (shown in Figure 4-9) were not taken during the same
time periods in which sampling occurred at the other monitoring stations (shown in Figures 4-10
through 4-17).

The results shown in Table 4-1 and Figures 4-7 and 4-8, combined with a comparison of Figure
4-9 to Figures 4-10 through 4-17, indicate that near-channel sources of sediment in the lower
portions of the watershed are more significant contributors to the higher turbidity levels observed
in Sand Creek. The higher stream gradients in this portion of the watershed (Figure 3-2) would
suggest that the stream bed and banks are contributing a significant portion of the near-channel
sources of sediment, but other assessments indicate that gully and ravine erosion have the
potential to contribute significant sediment loadings, as well. This subwatershed is where the
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creek cuts through the Minnesota River valley bluff, and there are a number of steep narrow

gullies that discharge to this reach of Sand Creek.

It is also likely that the conditions associated

with these sources of sediment are further exacerbated by hydrologic alterations in the upstream

portions of the watershed. Schottler (2002) estimated that streambank and near-channel sources

accounted for greater than 70% of the sediment exported from the Raven Stream watershed,

which is in a part of the same overall watershed without as much stream gradient or ravine and

gully erosion. As a result, it would not be unexpected that near-channel processes would be even

more dominant in the middle subwatershed where there is more potential for erosion from bluffs

and numerous ravines, and the gradient of Sand Creek is much steeper.
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Figure 4-15. Ditch 10 ( D10) Load Duration Curve, 2005-2008
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Temporal Variability of Monitoring Data

Figures 4-7 and 4-8 indicate relatively similar suspended sediment watershed yields during both
the 2007 and 2008 water years. In addition to showing the water quality variability under
varying flow conditions, Figures 4-9 through 4-17 indicate TSS sample results that were
categorized as seasonal versus sample results that were not distinguished from the remaining
datasets at each watershed monitoring station. The seasonal load results include those samples
that were collected during the months of March through June at each site. A high percentage of
these samples have been taken during higher flows that are either associated with snowmelt
runoff or spring rainfall runoff events that have occurred prior to the development of full crop
canopy in the watershed. Figures 4-9 through 4-17 reveal that very few of the samples taken

under low flow and dry conditions occurred during the March through June seasonal time frame.

Figures 4-9, 4-11 and 4-12 shows that a large percentage of the sample results that exceeded the
TSS goal under high flow and moist conditions were taken during the seasonal period. Raven
Stream had a few exceedances of the TSS goal under moist, dry and mid-range flow conditions
that occurred outside of the seasonal time period, but the high flow TSS goal exceedances
occurred during the spring season (see Figure 4-10).

As previously discussed, an analysis of continuous turbidity monitoring data collected by
Metropolitan Council at the Jordan site during 2007 and 2008 indicates that the 90™ percentile
reading was 38.4 FNU, which is well below the 53 FNU reading shown in Table 4-1 as being
equivalent to the 25 NTU standard. Figures 4-18 and 4-19 show time-series plots of the
available continuous turbidity monitoring data collected from the Sand Creek watershed
monitoring stations during 2007 and 2008, respectively. Figure 4-18 shows that the turbidity
listing threshold was not met during 2007 for both the CR8 and Jordan sites, but Figure 4-19
shows that the threshold was being met at all of the sites during 2008. Both figures show that the
exceedance percentages for Sand Creek at Jordan are consistently higher than the Sand Creek
site at CR8. During coincidental monitoring in July, 2008, Figure 4-19 shows that the
exceedance percentage was highest for the R64 site, followed by the Jordan and XAN sites.
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Figure 4-19. 2008 Continuous Turbidity Data for Sand Creek Watershed Stations
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Evaluation of Turbidity in Louisville Swamp

Louisville Swamp is located at the downstream end of the Sand Creek watershed, upstream of
the LSO monitoring station and downstream of the LSI and UT monitoring stations shown in
Figure 2-1, Section 2). Figures 4-20 and 4-21 show that water surface areas in Louisville Swamp
primarily consist of Sand Creek and a few small off-line wetland areas under the low flow
conditions observed during 2008. During high flow (spring) periods much of the swamp is
inundated and the outlet submerged due to backwater effects of the Minnesota River (Personal

Observation of the Scott WMO field sampling personnel).

Figure 4-20. Aerial View of Louisville Swamp

4-25
Final 4/16/2010, V1





Figure 4-21. Low Flow at Louisville Swamp Outlet During 2008

An evaluation of the recent (2007-2008) turbidity, TSS and flow monitoring data indicates that
there are often periods of time with a net export of solids from Louisville Swamp relative to the
incoming load (see Figures 4-22, 4-23, and 4-24), as evidenced by events with significantly
higher TSS concentrations and turbidities at the outlet (LSO) relative to the inlet (LSI) and
unnamed tributary (UT). The unnamed tributary has significantly lower flow and TSS
concentrations relative to the Sand Creek monitoring stations upstream and downstream of
Louisville Swamp. An examination of the data contained in Figures 4-21 through 4-24 shows
that the significant increases between the inlet and outlet stations are occurring on the same dates
for all three monitoring constituents. Since there are slightly more field turbidity data than lab
TSS and turbidity data, this evaluation used the data shown in Figure 4-22, along with other
paired data for flow (stage) and biology (chlorophyll, volatile suspended solids [VSS], modified
settleable solids and fish survey), to draw some conclusions for how and when a net export of

solids from Louisville Swamp would occur.
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Figure 4-22. 2007-2008 Field Turbidity Upstream and Downstream of Louisville Swamp
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Figure 4-23. 2007-2008 Lab Turbidity Upstream and Downstream of Louisville Swamp
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Figure 4-24. 2007-2008 TSS Upstream and Downstream of Louisville Swamp

Figure 4-25 shows that there is a strong correlation between the TSS and modified settleable
solids concentrations at each of the inlet and outlet sites. Under high solids concentrations, most
of the sediment (up to 95 percent) will settle out within 24 hours, while Figure 4-25 shows that

under low solids concentrations more than half of the sediment is settleable.

A closer examination of the data shown in Figure 4-26 indicated that the spikes in field turbidity
at the Louisville Swamp outlet were typically occurring under low flow conditions, based on the
stage recorded at the LSI site during the same sample visit. Figure 4-26 shows the relationship
between flow (LSI stage) and the field turbidity observed at the Louisville Swamp outlet. The
only LSO turbidity reading that exceeded 60 FNU under high flow conditions occurred at the
same time that the LSI turbidity was higher than 60 FNUs. The regression shown in Figure 4-26
is statistically significant (p<0.0001) and explains approximately 40 percent of the variance in
the turbidity readings at the LSO site. Nearly all of the low flow (stages below 2.7 feet) data
points above the regression line in Figure 4-26 are associated with sample results that
represented significant increases in chlorophyll and/or VSS, in comparison to the corresponding

results at the LSI station.
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Figure 4-25. Relationship Between Modified Settleable Solids and TSS for Louisville
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Figure 4-26. Louisville Swamp Outlet Turbidity Versus Flow
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Figure 4-27 shows some correlation between the difference in field turbidity readings at the LSO
and LS| stations and the corresponding differences in the trichromatic Chlorophyll-a
concentrations at the two sites, but the regression alone does not explain more than 20 percent of
the variance in the data. As a result, a multiple linear regression was developed with the change
in field turbidity between the LSI and LSO stations (change in turbidity) as the dependent
variable and two independent variables representing the change in trichromatic Chlorophyll-a
concentrations at the LSI and LSO stations (change in Chl-a) and the stage at the LSI station
(LSI stage). The following equation resulted from the multiple linear regression analysis:
change in turbidity = 1.2 * (change in Chl-a) — 31.1 * (LSI stage) + 109 [R? = 0.47; p=0.003]

250

200

2

100

LSO-LSI Field Turbidity Difference (FNU)
8

-40.0 200 0.0 20.0 400 50.0
LSO-LSI Chl-a Difference (ug/L)

Figure 4-27. Change in Louisville Swamp Outlet and Inlet Turbidity Versus Chlorophyll
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Since the multiple regression equation explains approximately half of the variance in the field
turbidity changes between the LSI and LSO stations with the corresponding chlorophyll-a and
flow data, it suggests that algal growth under low flow conditions is a potential cause of the
increase in turbidity in Louisville Swamp. But an examination of the 2007 VVSS and TSS data
from the LSI and LSO stations under low flow conditions shows that the increases in VSS are
significantly less than the corresponding increases in TSS. As a result, the multiple regression
and VSS data indicate that algal growth, alone, cannot explain the increases in turbidity between
the Louisville Swamp inlet and outlet.

The Sand Creek Biotic-Stressor Identification was consulted to evaluate whether rough fish
could represent a potential source of mineral suspended solids within Louisville Swamp, since
one of the Minnesota Pollution Control Agency’s biological monitoring stations (07MN034) was
located near the LSI monitoring station. The fish survey data (completed on July 26, 2007) from
this biological station found 69 carp were present during the survey, while the upstream station
in Jordan (07MNO033) had two carp. After combining data from several literature sources with
their own data, Chumchal et al. (2005) show that turbidity increases of an order of magnitude
would not be unexpected, depending on the carp biomass present. As a result, the paired
Louisville Swamp data for flow and biology (chlorophyll, VSS and fish survey) suggest that a
combination of algal growth and carp contribute to a net export of solids from Louisville Swamp

under low flow conditions.

In summary, the monitoring data from Louisville Swamp indicate that the TSS load going into
the Minnesota River may be somewhat higher than the TSS load estimated from the Flux
modeling done for the Jordan site (shown in Table 4-2). This is occurring even though at least
half of the TSS appears to be settleable under high flow conditions. It is attributable to the fact
that the turbidity levels in the outflow from Louisville Swamp are considerably higher than the
inflow under lower flow conditions. The data indicate that a combination of algal growth and
carp contribute to a net export of solids from Louisville Swamp under low flow conditions. The
actual TSS loading to the Minnesota River from the overall Sand Creek watershed could be

better estimated in the Flux Model using average daily flow measurements at the Louisville
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Swamp outlet combined with lab TSS results from grab samples collected at the same frequency

as the Metropolitan Council monitoring protocol for the Jordan site.

Point Versus Nonpoint Source TSS Load

There are a number of point source discharges within the Sand Creek watershed. Table 4-3
provides an estimate of the TSS loads from these sources, as well as an estimate of the overall
subwatershed load contributed by the point sources. These results show that point sources are a
negligible part of the overall TSS load.

Table 4-3. 2001-2008 Average Annual Discharge and TSS Loads for Point Sources and

Associated Subwatersheds

22\(\)/;1%%8 Percent of 223;2%28 Percent of
Watershed and Annual Subwatershed Annual TSS Subwatershed
Point Sources Discharge Total L oad Total
Volume (%) 6 %)
(ac-Ft) (1x10° Ibs)
Raven' 19,260 6.73
New Prague WWTP? 697 3.6% 0.02 0.3%
New Prague WTP? 38 0.2% 0.00 0.006%
Upper Sand® 20,374 11.31
Montgomery WWTP? 376 1.8% 0.01 0.1%
Lower Sand"® 6,438 5.58
Jordan WWTP? 448 7.0% 0.02 0.3%

1: Estimated by simulation with SWAT model for 2001 land use conditions

2: Calculated from measured data

3: Lower Sand discharge and load are for that subwatershed only. Does not include
contributions from upstream subwatersheds
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Index of Biological Integrity Assessment

This subsection provides a summary of the Biological Stressor Identification analysis that was
completed to identify the most probable stressors causing the IBI impairment. The full report is

included in Volume 4: Appendices as Appendix DS-2.

Stressor Identification Process

The Stressor Identification process is a formal method developed by the Environmental
Protection Agency (EPA) that identifies the causes of biological impairment through a step-by-
step procedure. In this process, existing biological, chemical, physical, and land-use data are
analyzed to determine probable causes of impairment for aquatic organisms. This procedure lists
candidate causes for impairment, examines available data for each candidate, and characterizes

the probable cause(s) (Figure 4-28).

Detect of Suspect Biological Impairment

—

Stressor identification
Deafine the Caseé

t
List Candidate Cauges

Decision-maker |- * || As Mecessary:
and [ || Acquire Data,

Stakeholder || Evaluate Data*frn-m the Case . e

Invahement |f 1| lterate Process
1 ! Evaluate Data from Elsewhere

1
Identify Probable Cause
= Identify and ﬁp_pc-rlian Sources =
Management Action:
Ebrenate or Conlral Sources, Monitor Resuls

| Biclegical Condition Restored or Protected :4-
Figure 4-28. Stressor Identification Process

The Causal Analysis / Diagnosis Decision Information System (CADDIS) is an internet tool
developed by the EPA to guide the user through the Stressor Identification Process. CADDIS
was used to evaluate, identify, and rank the stressors causing the biological impairments in Sand
Creek. The Stressor Identification (SI) process, shown in the yellow box in the center of Figure

4-28, follows five steps that conclude with the identification of a probable cause. The gray boxes
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around the Stressor Identification process show various interactions and the context for the

analysis.

The Biological Impairment and Its Basis

In 2004, Picha Creek (Unnamed Tributary; AUID # 07020012-579) and Sand Creek from its
mouth to the confluence with Porter Creek were placed on the MPCA’s list of impaired waters in
need of a TMDL study for impaired biota due to low fish Index of Biotic Integrity (Minnesota
Rapid Assessment Protocol (MRAP) IBI) scores. In Minnesota, biological impairment for fish is
defined as failing to meet the MRAP IBI impairment threshold score of 30 or greater out of a

possible score of 60.

Sand Creek fish data collected by the Minnesota Department of Natural Resources (MDNR) and
the Minnesota Pollution Control Agency (MPCA) were evaluated to determine the reaches of
Sand Creek and its tributaries that are considered to have impaired fish assemblages. The data
indicated that some reaches of Sand Creek and its tributaries were not impaired while other

reaches were impaired.

Data were collected by the MDNR from two Sand Creek locations and two Porter Creek
locations to characterize Twin Cities Metro Area streams (Schmidt et al., 2001). Data were
collected by the MPCA from five Sand Creek locations, from one location on Le Sueur County
Ditch Number 54, from one location on Picha Creek (the unnamed tributary), and from one
location on Philipp’s Creek, a tributary to East Raven Stream, to assess status and trends of
riverine surface waters within Minnesota. Sampling dates and MRAP IBI scores are shown in
Table 4-6. Station locations and MRAP IBI scores are shown on Figure 4-29. All sites meet the
criteria for application of the MRAP IBI, including having a drainage area of at least 5 square
miles. Only data collected during the past ten years (i.e., 1999 through 2009) were used for the

assessment and impairment listing process.

Although data older than 10 years was not used to determine impairment, one data point older
than ten years is shown in Table 4-4 and Figure 4-29. A comparison of the older and newer data
for this reach of Sand Creek suggests the stream has remained stable over time and little change
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in the fish community has occurred. The Sand Creek reach monitored by sample point
90MN116 in 1990 observed a MRAP IBI score of 20 and the adjacent Sand Creek reach
monitored by sample point 07MNO0555 in 2007 observed a MRAP IBI score of 24. The two
scores were very similar and both scores were less than the MRAP IBI impairment threshold
(i.e., 30).

Table 4-4.1990-2007 Sand Creek Fish Sample Locations, Dates, MRAP IBI, and
Organization

Stream Location Date MRAP IBI Organization

MDNR

90MN116 8/23/1990 20 (Schmidt)
MDNR

00MNO006 9/21/2000 26 (Schmidt)
Sand Creek (Main OLMNO44 7/24/2001 22 MPCA
Stem) 7/25/2007 26 MPCA
07MNO033 7/26/2007 48 MPCA
07MNO034 7/26/2007 38 MPCA
07MNO055 8/2/2007 24 MPCA
07MNO056 8/02/2007 31 MPCA

County Ditch # 54

(Tributary to Sand Creek) 03MNO077 7/22/2003 29 MPCA
. 7/24/2001 24 MPCA
Picha Creek 01MNO58
8/08/2001 24 MPCA
99MNO003 6/25/1999 29 MDN.R
(Schmidt)
Porter Creek MDNR
MNO04 25/1 4 )
99MNO00 6/25/1999 3 (Schmid)
Tributary to East Raven
Stream 03MNO029 7/3/2003 34 MPCA
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Figure 4-29. Biological Sample Stations and MRAP IBI Scores
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Probable Stressors Identified

An evaluation of fish IBI scores from data collected by the MPCA and Department of Natural

Resources (DNR) indicates the following stream reaches were impaired:

Sand Creek reaches between Jordan and biological station 07MNO055 (Figure 4-29),
including biological monitoring stations 00OMNO006, 01MNO044, and 07MNO55 (Figure 4-
29). Reach 90MN116 (Figure 4-29) was impaired, but was not used to determine
impairment because the data were more than 10 years old.

Upstream Porter Creek reach (i.e., biological station 99MNO003, Figure 4-29)

County Ditch Number 54 (Figure 4-29)

Picha Creek (Figure 4-29)

Based on the analysis, six candidate causes were identified:

An examination of the strength of evidence for the six
candidate causes indicates the probable causes for

impairment are:

Habitat fragmentation — Sand Creek, Picha Creek (unnamed tributary), and Porter Creek
Inadequate baseflow — Picha Creek, Le Sueur County Ditch Number 54, and Porter Creek
Low dissolved oxygen — Le Sueur County Ditch Number 54 and Porter Creek

lonic strength - Le Sueur County Ditch Number 54

Habitat — Le Sueur County Ditch Number 54, Picha Creek, and Porter Creek

Sediment — Picha Creek and Porter Creek

Sand Creek — The probable cause of
impairment is habitat fragmentation.
Monitoring sites below the waterfall (Figure
4-30) in the City of Jordan are unimpaired,

while those immediately above
Figure 4-30. A 15-foot tall natural waterfalls, pictured

above, interrupts the connectivity of Sand Creek and is
considered a candidate cause of impairment. (Photo from
Interfluve 2008)

have an impaired fish assemblage.
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Collection of additional data is needed to determine whether sediment and ionic strength
are co-stressors with habitat fragmentation. Sediment can neither be eliminated as a
candidate stressor nor validated until additional data are collected. Current data indicates
that sediment alone is not a cause of the stream’s fish impairment. However, data are not
available to either confirm or negate the hypothesis that sediment and habitat
fragmentation are co-stressors. It is possible that sediment stresses fish both upstream
and downstream of the waterfall, but that the fish community downstream from the
waterfall is replenished by fish migration from the Minnesota River. If additional data
collection validates this hypothesis, then sediment and habitat fragmentation would both
be candidate causes of impairment. Hence, flow and fish data should be collected
concurrently with sediment data to determine sediment impacts upon fish and to
determine whether migration of fish from the Minnesota River can replenish the stream’s

fishery downstream from the waterfall.

Sediment without the effect of habitat fragmentation was eliminated as a candidate
stressor because the reach of Sand Creek with unimpaired fish MRAP IBI scores
consistently had the highest sediment concentrations and highest total suspended solids
and volatile suspended solids loads. FLUX modeling results of total suspended solids
and volatile suspended solids data collected from Sand Creek during 2005 through 2008
indicate, both total and volatile suspended solids loads and flow-weighted mean
concentrations consistently increased between upstream and downstream reaches of Sand
Creek (Table 4-2). The Jordan site consistently had the highest loads (Table 4-2).

Sand Creek biological stations downstream from the Jordan monitoring site experienced
unimpaired fish MRAP IBI scores while upstream stations had impaired fish MRAP IBI
scores. Because the Jordan site, which represents the water quality of the downstream
unimpaired reaches of Sand Creek, had the highest sediment loads and concentrations,
sediment does not appear to be a stressor causing fish MRAP IBI impairment in Sand
Creek. However, as noted above, additional data collection is needed to determine
whether sediment and habitat fragmentation are co-stressors in the impaired stream reach
upstream from The Falls.
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All other candidate causes were eliminated. A conceptual model of habitat
fragmentation is presented as Figure 4-31.

e Le Sueur County Ditch Number 54 — The probable causes of impairment are
inadequate baseflow and habitat. Low dissolved oxygen and ionic strength are also
candidate causes, but note weaker evidence than inadequate baseflow and habitat.
Collection of metals and sediment data is needed to determine whether metals and
sediment are candidate causes, and additional dissolved oxygen, specific conductance,
and chloride data are also needed to more definitively determine whether current oxygen
and ionic strength levels are stressing the stream’s fish community. Conceptual models
for inadequate baseflow, ionic strength, and low dissolved oxygen are presented as
Figures 4-32, 4-33, and 4-34, respectively.

e Picha Creek — The overriding probable cause
of impairment is inadequate baseflow followed
by habitat fragmentation, then habitat, and
sediment. Multiple lines of evidence indicate
Picha Creek is naturally intermittent and
incapable of supporting an unimpaired fish

assemblage due to natural causes. Evidence

for inadequate baseflow is strongest followed

s - AT

by habitat fragmentation (Figure 4-35) which is ~ Figure 4-35. A concrete drop structure
under a private driveway, pictured above,

stronger than the evidence for habitat and is a fish passage barrier on Picha Creek
sediment. Nonetheless, all four candidate (Picture from Interfluve 2008).

causes appear to be contributing to the fish impairment of Picha Creek at the I1BI
sampling location. However, the length of channel with poor habitat covers only a short
distance around the sampling location. Areas downstream have good to excellent habitat,
and with areas upstream having fair habitat (Figure 3-8). Likewise, the sediment from
cattle grazing is also limited to the same short reach around the sampling site.

Conceptual models for inadequate baseflow, poor habitat and sediment in Picha Creek

are presented as Figures 4-36, 4-37, and 4-38; respectively.
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Collection of additional metals and dissolved oxygen data is needed to determine whether
metals and dissolved oxygen are candidate causes.

e Upper Porter Creek — There are two IBI monitoring sites on Porter Creek. The
downstream site near the confluence with Sand Creek is unimpaired, while the upstream
site near the Scott/Rice County boundary has a impaired fish assemblage. The probable
cause of impairment at the upstream site is habitat fragmentation followed by inadequate
baseflow, then habitat and sediment (equally strong), and low dissolved oxygen. The
evidence for habitat fragmentation is strongest followed by inadequate baseflow. Habitat
and sediment are equally strong, but not as strong as habitat fragmentation and
inadequate baseflow. Lack of data for low dissolved oxygen weakens this candidate
cause. Collection of additional dissolved oxygen data is needed to determine whether
current levels are stressing the stream’s fish community. Collection of dissolved oxygen,
flow, and fish data are needed to determine the role of low stream gradient and low
dissolved oxygen in causing a natural barrier to fish passage through the Bradshaw Lake
WMA during low flow conditions. Flow data collection will also discern the respective
roles of natural limitations and anthropogenic land use changes as causes of the stream’s
inadequate baseflow. Conceptual models for inadequate baseflow, low dissolved oxygen,
sediment and habitat are presented in Figures 4- 39, 4-40, 4-41, and 4-42; respectively.

Volume 2 Feasibility Study and Implementation of this project presents a program for addressing
habitat fragmentation, sediment, habitat, and recharge. Other probable stressors identified such

as chlorides, ionic strength, and low dissolved oxygen will require additional investigation.
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Figure 4-31. Conceptual Model of Habitat Fragmentation
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Figure 4- 32. Conceptual Model of Inadequate Baseflow in Le Sueur County Ditch 54
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Figure 4-34. Conceptual Model of Low Dissolved Oxygen Concentrations in Le Sueur County Ditch 54
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Figure 4-36. Conceptual Model of Inadequate Baseflow in Picha Creek
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Figure 4-37. Conceptual Model of Poor Habitat in Picha Creek
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Figure 4-38. Conceptual Model of Sediment in Picha Creek
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Figure 4- 39. Conceptual Model of Inadequate Baseflow in Porter Creek
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Figure 4-40. Conceptual Model of Low Dissolved Oxygen Concentrations in Porter Creek

Crop Farming

Livestock Crop
Grazing Farming

Ravines draining to
stream

Trampling of
streambanks and
hillslopes

Hydromodification (wetland
drainage, ditching and tiles)

1 cultivated land

Vegetation
Removal

[ Reduction in sediment buffering ]

1 increased runoff

1 mobilization of bank
rates and volumes

capacity
& channel sediment

1 sediment
delivery to stream

1 watershed erosion
1 sediment
1 sediment delivery to stream
delivery to stream

1 deposited & bedded sediments Ii
LEGEND
Gt | 1 coverage by fines |—>| | interstitial spaces |<—| | substrate size |
landscape change
e
diversity & stability
n-filling | spawning areas for simple

]
biologically impaired invertebrate assemblages biologically impaired fish assemblages

1 deposition

| interstitial
habitat & flow

1 fine substrate
habitats

Figure 4-41. Conceptual Model of Sediment in Porter Creek
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Figure 4-42. Conceptual Model of Habitat in Porter Creek

Lake Monitoring Results

The project Workplan included monitoring of selected lakes in the Sand Creek watershed to help
characterize lakes in addition to Cedar and McMahon Lakes which were investigated for the
completion of TMDLSs (see report Volume 3). These included Cody and Phelps Lakes in Rice
County, and Sanborn and Pepin Lakes in Le Sueur County. The intent was to use volunteers to
collect samples for analysis through the Metropolitan Council's Citizen Assisted Lake
Monitoring Program (CAMP). Unfortunately, access to some of these lakes was poor and water
levels were low, making it difficult to access the lake; and volunteers quit after only one or two
attempts to sample for most of the lakes. Thus, monitoring was only completed for Lake Pepin.
Results for Lake Pepin are presented in Table 4-5. These results indicate that Lake Pepin is

likely impaired for recreation due to excess nutrients.
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Table 4-5. 2007 Lake Pepin (Le Sueur County) Growing Season Average Water Quality
Data as compared to assessed and reference lakes in the North Central Hardwood Forest

Ecoregion.
~
= North Central Hardwood Forest MPCA Water
% (NCHF) Quality Standards
S for Shallow & Deep
> Lakes
MPCA Assessed MPCA Shallow? Deep
Lakes Reference
Interquartile Lakes'
Parameters Range (25-75™) Interquartile
and Median Range (25-75")
Phosphorus 287 28-112 (51) 5-22 90 65
Concentration (ug/L)
Chlorophyll-a 105 8-45 (21) 7-37 30 22
Concentration (pg/L)
Secchi disk 16 1-2.6 (1.6) 1.5-3.2 >0.7 >0.9
transparency feet
(meters)

'All MPCA lake data is for the NCHF ecoregion. “Assessed lakes” are all NCHF lakes sampled
by the MPCA; “reference lakes” are those NCHF lakes considered to be minimally impacted.
Interquartiles represent the range within which 50% of observations occur.

2 Shallow lakes are defined as lakes with a maximum depth of 15 feet or less, or with 80% or
more of the lake area shallow enough to support emergent and submerged rooted aquatic plants

(littoral zone).
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Section 5 — Assessment of Goals

Introduction

As discussed in Section 1 there are a number of project goals and objectives organized as

follows:

1) Products of this particular investigation

2) Overall resource goals

3) Numeric goals

4) Watershed characterization goals

5) Support of goals and objectives in, and implementation of, the Scott WMO approved
Comprehensive Water Resources Management Plan, and Water Plans of Le Sueur, Rice

and Scott Counties (i.e., Local Program Support Goals).

This Section of the report reviews each of the goals and objectives, and assesses how results of
this project met, helped to define, or enables achievement of these goals. Overall resource and
numeric goals are those of the primary sponsor - the Scott WMO. It is expected that other

partners will also use parts of the study to help meet their program objectives.

Products of the Investigation

As described in Section 1 products of this particular investigation include various reports and
report sections. Table 5-1 provides a summary of the status of these products. In general, all
products anticipated in the original Workplan were completed with cost savings that enabled
additional efforts to be added through workplan amendments as the project progressed. These
additions included: 1) a TMDL Implementation Plan (presented as part of report Volume 3); and
2) a Feasibility Study and Implementation Plan for addressing the turbidity and fish IBI
impairments (i.e., report VVolume 2).
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Table 5-1. Status of Document and Products Indentified in the Workplan for this Project

Product

Status

Woatershed Characterization

Completed with watershed information
presented in Section 3 of this document, used
in the SWAT model development, and used
for feasibility assessment and presented as part
of the Feasibility Assessment/\VVolume 2 report.
In addition, the Fluvial Geomorphic
Assessment is included as standalone report as
Appendix DS-7: Sand Creek, MN Final Report
— Fluvial Geomorphic Assessment in VVolume
4,

Assessment of Impairment(s)

A summary assessing the impairments is
included as Section 4 of this report. Additional
detail is included in VVolume 4 as Appendix
DS-2: Sand Creek Impaired Waters Resource
Investigation: Biological Stressor

Identification.

Characterization of point and nonpoint
pollutant sources

Results of this effort are reflected in
monitoring data assessments and the SWAT
modeling results which are presented
throughout the Volume 1 and Volume 2
documents, particularly in Volume 1, Section 4

Assessment of Impairment.

Desired administrative and social outcomes identified in Section 1 include increasing the

understanding of impaired waters, the impaired waters program, and developing the

organizational network and capacity to complete TMDL implementation plans and begin

implementation. Scott Watershed Management Organization feels that these goals have largely

been meet. Understanding of the impairments and their causes has been significantly increased
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by the project. In addition, cost saving over the course of the project allowed the Volume 2:
Feasibility Study and Implementation Plan to be added to the project. As part of developing the
Feasibility Study and Implementation Plan water resource managers from the three counties met
frequently and used information developed by the study to develop detailed subwatershed
specific implementation plans (report Volume 2), as well as working relationships for

implementation.

Findings of the study were used as they became available to target implementation efforts.
Results of the Fluvial Geomorphic Assessment were used in 2009 by the Scott WMO and the
Scott SWCD to contact property owners where problems and projects were identified. This
resulted in projects involving 12 property owners who submitted 15 applications for conservation
projects that were funded in 2009. The projects are either under construction will be will

constructed in 2010.

There were also four property owners where the process is leading toward Capital Improvement
Projects to stabilize some of the more acutely eroding stream reaches identified by the study.
One includes 3 property owners in Cedar Lake Township on Porter Creek. The other involves
one property owner on Picha Creek. All are agreeable to proceeding with significant stream
bank stabilization improvements. The Scott WMO has hired a Consultant to work with the land
owners to design improvements. Preliminary designs are complete and the Scott WMO has
submitted for, and received a Minnesota Clean Water Fund grant that will allow construction of

the improvements in the winter of 2010/2011.

The Picha Creek project will: 1) increase sinuousity, rebuild incised channel, recreate a
floodplain so that the gradient and channel geometry can accommodate the volume of flow
currently in the system, improve habitat, and stabilize before large amounts of sediment are
mobilized through bank slumping; and 2) provide for fish passage at a human created migration
barrier. This area has been identified as a problem, generating large amounts of sediment. The
area is also documented as having poor habitat. The project will improve riparian and aquatic
habitat, linking reaches with excellent habitat upstream, to reaches of good and fair habitat
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downstream. With respect to sediment, projects have already been completed to control the
head cut/nic-point in the gully leading up the Minnesota River Valley bluff. However, the
channel below the nic-point has incised in some places as much as 10 feet and is in the stage of
channel evolution where the banks are being undercut and are beginning to slump. Without

intervention, large amounts of sediment will be mobilized over the next couple of years.

The Upper Porter Creek project addresses four significant bank erosion sites in Section 36 of
Cedar Lake Township. Treatment technologies selected largely consist of bio-engineering
approaches using large woody debris cribs, bank sloping and vegetative planting. There will also

be some livestock exclusion and a short section with rock protection.

The Scott WMO also used information from the study to craft a successful USEPA 319 grant,
and another successful Minnesota Clean Water Fund grant application. The USEPA grant uses
restorable wetland and other cropping information generated by the grant to target BMPs in the
Sand Creek watershed and western parts of Scott County to reduce phosphorus and sediment for
the benefit of the Minnesota River as well as local water bodies. The second Minnesota Clean
Water Fund grant will target production of native grasses as an alternative biomass crop in

priority subwatersheds of Sand Creek as established by this study.

Overall Resource Goals

With respect to turbidity the study confirmed that the impaired reaches are primarily confined to
the main stem of Sand Creek and Porter Creek, and other tributaries meet the standard (Table 4-
1, Section 4). The study also found that turbidity was primarily a function of inorganic sediment,

and that most of it originates from near-channel sources.

The Biological Stressor ID analysis, however, was inconclusive as to whether sediment was a
stressor for Sand Creek. Sediment was identified as a probable stressor for Picha and Porter
Creeks. However, for each of these IBI sites other stressors where found to have stronger cases,
and in the case of Picha Creek, the IBI site was not representative of much of the creek. For
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Picha Creek, the primary stressors are habitat fragmentation followed by inadequate baseflow.
Some of the habitat fragmentation may be naturally caused by low dissolved oxygen
concentrations occurring in the Bradshaw Lakes WMA through which Porter Creek flows, and it
is uncertain whether the inadequate baseflow condition is human induced or natural. Other

potential stressors include low dissolved oxygen, ionic strength, and habitat.

Review of the conceptual models for inadequate baseflow, sediment, habitat and low dissolved
oxygen show that changes to land cover (and vegetation removal/alteration) leading to changes
in the flow regime are the most common contributing landscape change. As discussed in Section
3 as part of the Geomorphology subsection, changes in land cover have altered the equilibrium of
the channels by altering the input of sediment and the quantity and timing of runoff. Channels
are responding through increased incision, lateral bank erosion, etc; and will continue to evolve
until they reach a new dynamic equilibrium. The fact that channels are responding, and that the
study found that channels and near-channel areas (including ravines) are the primary sediment
sources is not a surprise considering a combination of the following:

e That 50% of the watershed has been converted to agriculture and only 9% of the

watershed still remains in forest, and
e That Sand Creek and the ravines discharging to the creek are relatively young landforms

and are still evolving which makes them particularly vulnerable to changes in hydrology.

It is also recognized locally that Sand Creek is not a significant sport fishery or body contact
recreation water body. The lower reaches of the creek do support some sport fishing, and
seasonal canoeing and kayaking, and a short stretch of Picha Creek could potentially support a
cool/cold water aquatic community. It is also recognized that the water quality of Sand Creek
affects downstream resources like Louisville Swamp and the Minnesota River; and that the creek
and its tributaries represent important natural area corridors. However, it is hard for the Scott
WMO to embrace a capital intensive effort addressing the impairments for the following reasons:

e The study was inconclusive as to whether sediment is a stressor in Sand Creek;

e The study identified a natural migration barrier as the main stressor in the middle portion

of Sand Creek;
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e Inadequate baseflow is a natural condition in Picha Creek and may be natural at the other
headwater sites; and
e Because improvements will largely affect the forage fish communities.
However, at the same time the Scott WMO recognizes that there is a role for a limited number of

capital projects where study results show channel or ravine sources of sediment are dominate.

As a result of the findings of this study and deliberations completed as part of the Watershed
Plan update process, the Scott WMO has embraced a green infrastructure vision as follows and

believes that the impairments will be addressed as the vision is implemented.

Scott WMO Vision: To compile a system of well buffered water courses, wetlands and
lakes surrounded by an upland where stormwater runoff is managed to reduce volumes,
control peak flows and their timing, and minimize pollutant generation and export; and

where aquatic resources meet local expectations.

This vision was developed out of the planning process and is an outcome of numerous
discussions of the issues facing the WMO. In particular, when confronted with the magnitude of
the water quality and stream bank integrity issues facing the Sand Creek watershed, as identified
in this study, it became apparent that the WMO does not and will not have the financial and
staffing resources to address the issues in the traditional manner, using capital improvement
projects that would primarily address sediment or fish migration barriers. Instead what is
needed, is a long term vision and a sustainable way to meet the vision while providing multiple
benefits, and addressing as many stressors as possible. It also became apparent that the best way
to do this is in combination with the long term growth strategies employed by the local
governmental units (LGUs) in the WMO, and the promotion of natural area corridors along the
creek and its tributaries. This is especially true where the relatively undeveloped condition in the

County’s unincorporated area provides an opportunity to be proactive as land use changes.
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The following resource related objectives related to this are part of the Scott WMO’s vision, and

the WMO recognizes that successful implementation will require an adaptive management

approach.

Reducing the number of fish migration barriers by considering design implications when
roads are built or upgraded

Reducing sediment from field sources using the WMQ’s cost share and incentive
program

Emphasizing practices that decrease runoff and increase recharge, and improve riparian
vegetation through the WMO’s cost share and incentive program as a way of helping the
creek reach a new dynamic equilibrium

Emphasizing practices that moderate (store) runoff to help the creek reach a new dynamic
equilibrium

Improving habitat by promoting development and land owner incentives for natural area
corridors

Reducing sediment from near-channel sources through the construction of a limited
number of capital improvements where the study found channel and ravine sources are
most acute

Controlling sediment from new construction through effective implementation of local
construction erosion control programs

Collecting additional information to assist with on-going informed decision making.

Report Volume 2: Sand Creek Impaired Waters Feasibility Study builds on these objectives to

develop an overall implementation plan.

Numeric Goals

The study helped refine numeric goals, identified where goals were not being met, identified

probable stressors to the biotic community, and identified where additional data is needed.

However, the study did not establish any new specific numeric water quality goals other than the
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addition of chloride and ionic strength standards to Table 5-2 below. Targeted watershed

treatment levels are discussed in the Volume 2 report.

This study was able to refine the turbidity standard adding subwatershed specific targets for TSS
that would achieve the turbidity standards (Table 5-2). Goals for chloride and ionic strength

were also added to the table based on state standards. Where the TSS surrogate differed between

values calculated in this study (Table 4-1) and the Metropolitan Council (2009b), the

Metropolitan Council values were used since they represented a longer monitoring period.

Table 5-2. Numeric Goals for Sand Creek and Picha Creek (Unnamed Tributary)

Parameter

Goal

Basis

Dissolved Oxygen

Minimum of 5 mg/L

State standard for Class 2b
waters

pH 6.5t09.0su State standard for Class 2b
waters
Total Phosphorus 60 to 150 ug/L Interquartile range for NCHF
ecoregion*
Interquartile range for WCBP
160 to 330 ug/L

ecoregion*

Total Suspended Solids

Goal is to achieve TSS
concentration(s) necessary
to have less than 10% of
turbidity readings exceed
25NTU or 39 NTRU
(‘turbidity equivalent as
follows)

111mg/L Sand Creek at
Jordan

55 mg/L Ditch 10

Determined by regression
analysis completed by
Metropolitan Council (2009b)

Final 4/16/2010, V1

5-8






95 mg/L West Raven Creek

52 mg/L Sand Creek at CR
145 Le Sueur Co

49 mg/L Sand Creek CR2
Scott Co

41 mg/L ST2

46 mg/L Raven Creek at
R64

94 mg/L Porter Creek at
JON

63 mg/L Porter Creek at
XAN

From current study Table 4-1,
Section 4

Turbidity

Less than 10% of readings
exceeding 25 NTU (39
NTRU)

State Standard for Class 2b
waters

Chlorides

Chronic standard 4-day
average of 230 mg/L

State Standard for Class 2b
waters

Specific Conductance

1,000 uhoms/cm @25C

State Standard for Class 2b
waters

Watershed Characterization Goals

Watershed characterization goals of the study were met. In fact, the fluvial geomorphic

assessment of the stream and the detailed GIS coverages compiled were some of the most

valuable information generated. This information was used extensively in the development of

the Implementation Plan in Volume 2, and for targeting land owner contacts.
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Local Program Support Goals

How this study influenced local programs has been on display throughout this report Section. In
addition to information displayed previously, this study also influenced the details of Goal 2:
Surface Water Quality in the Scott WMO approved Comprehensive Water Resource
Management Plan adopted June 2009 (Scott WMO 2009). Goal 2 is to: “To Protect And Improve
Surface Water Quality”. There are seven policies and a number of strategies articulated in the
plan for achieving this goal. Three policies and three strategies are affected by this study. A
summary of how this study affects these policies and strategies of this goal are presented in
Table 5-3.

Table 5-3. Scott WMO Water Quality Policies and Strategies Affected By Study Findings

Policy or Strategy Influence of Study
e Policy 2.1: Promote a Sustainable Information from the study helps identify
System of Buffers and Green condition of riparian areas, and problem and
Infrastructure priority areas; while the Fluvial Geomorphic

Study identified areas where road
infrastructure could be improved over time to
incorporate green infrastructure principals and

correct fish passage problems.

e Policy 2.3: Address Impaired Waters Information from the study was used to
and Improve Water Quality — develop subwatershed specific implementation

plans in the Volume 2 report, and Scott WMO

o Strategy 2.3.2: Targeted Project ) )
has already used some of the information to

Implementation and Capital )
start design and has secured local and grant

Improvements . . .
funding to begin construction of two

improvements in 2010.

e Policy 2.4 Improve Understanding of The study fulfills Strategy 2.4.1 with respect to
Water Quality Sand Creek.
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o Strategy 2.4.1: Complete
Diagnostic Studies/TMDLs
leading to targeted

implementation and monitoring

e Policy 2.4 Improve Understanding of The study provided detailed information
Water Quality improving the understanding of the water
o Strategy 2.4.2: Monitoring and | quality impairments of Sand Creek, and a
Assessment Tools Development | number of tools were developed including
additional GIS coverages of watershed

features, and a SWAT water quality model.
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Section 6 - Conclusions

This section presents a list of the main findings and conclusions, identifies priority

subwatersheds, resource management objectives, and additional data needs.

Findings

e Goals and objectives for the project as articulated in the Workplan and Section 1 were
largely completed. The exception was the water quality characterization of Cody, Phelps
and Sanborn Lakes. The lakes were difficult to access and because of that it was difficult
to retain volunteers to collect the samples.

e Data collected over the course of the project was of good quality, the exception was flow
data at site 145, and there was also some uncertainty with flow data results at the Ditch
10 and West Raven sites. Rating curves and stage readings at theses sties were
periodically affected by downstream beaver dams.

e SWAT model calibration results were excellent.

e Land use and land cover in the watershed has significantly changed over time.
Historically land cover was predominately big woods. However, currently only 9% of
the watershed remains as forest, while 51% is agriculture and 28% is grassland. In
addition, very little of the grassland is native grass.

e There has been a significant amount of wetland drainage and alteration. Approximately
8,700 acres of restorable wetlands were identified in the watershed.

e Stream channels have been significantly altered through ditching and straightening. Most
of this is in the headwaters areas of the watershed, and most appears to have occurred
between 1855 and 1937.

e The condition of channel is generally fair to poor, with most reaches being fairly stable to
slightly degrading.

e Agquatic habitat is generally fair to good along the main stem of Sand Creek, becoming

poor to very poor in the upper portions of Porter and Raven Creeks. Stretches of

6-1
Final 4/16/2010, V1





excellent habitat were found on the lower reaches of Raven Creek and the middle reaches
of Picha Creek (the unnamed tributary) as it passes through the bluff area.

¢ A number of fish migration barriers were identified as part of the geomorphic assessment.
Some cause problems only during certain portions (high or low) of the flow regime.
While others like the falls in Jordan are a passage barrier all the time. The types of
barriers ranged from the falls in Jordan, to the outlet structure on Louisville swamp
(during low flow), to the outlet structures on some of the lakes, to small rock pipe dams
in the channel, to numerous perched culverts at road crossings in the headwaters portions
of the watershed.

e There is a significant amount of Highly Erodible Land (HEL) in the watershed. Areas
with the most HEL in cultivation include the Sand Creek Tributary, Porter and Upper
Porter subwatersheds where topographic relief is the greatest. Areas with the lowest HEL
in cultivation include the Lower and Middle Sand Creek subwatershed; and the Raven,
Ditch 10, East Raven and West Raven subwatersheds. Ditch 10, East Raven and West
Raven subwatersheds have the lowest amount of cultivated HEL even though agriculture
is the dominant land use, because these areas are relatively flat with little HEL to start
with.

e Future land use will see a decrease in agriculture and grassland, and an increase in urban
and rural residential lands. High density urban growth will occur around Jordan and New
Prague affecting the Upper and Middle Sand Creek subwatersheds, and the East Raven
subwatershed. Low density rural residential growth will occur primarily in the Porter
Creek and Sand Creek Tributary subwatersheds. Land use in the Raven subwatershed
including the Ditch 10, and West Raven subwatersheds is not expected to change
significantly in the next 20 years.

¢ New impairments were identified in the watershed as follows:

o Porter Creek from its headwaters to Sand Creek impaired for aquatic life due to
turbidity

o Raven Creek from the East Branch of Raven Creek to Sand Creek impaired for
aquatic life due to chloride

o East Branch of Raven Creek from the headwaters to Raven Creek impaired for
aquatic life due to chloride
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o Sand Creek South Line to Raven Creek impaired for aquatic life due to turbidity
and chloride

o South Creek from Raven Creek to Porter Creek impaired for aquatic life due to
turbidity

e Analysis of the turbidity data showed that turbidity impairments are limited to Sand and
Porter Creeks.

e Review of continuous turbidimeter data suggests that the percent exceedence calculated
from sample results are conservatively high as would be expected since the monitoring
protocol followed by the Metropolitan Council and this study are biased by more
collection of wet-weather samples, relative to the long term flow conditions.

e Analysis also showed that turbidity was primarily a function of TSS, and surrogate TSS
concentrations for the 25 NTU standard were calculated for each monitoring site.

e It was also shown that VSS is typically a small fraction of TSS especially under high
flows where high TSS concentrations and turbidity readings generally occurred.

e Data analysis showed that algae growth could be contributing more to observed turbidity
levels at the monitoring stations downstream of headwater lakes (Rice, Pepin and
Sanborn).

e The quality of water discharges from Rice Lake appears to be of better quality than at
stations further downstream on Sand Creek. Presumably this is due to sedimentation and
filtering occurring in the chain of water bodies leading from Cody Lake to Phelps Lake,
to a large wetland complex, to Rice Lake.

e Middle Sand Creek subwatershed has TSS yields that are 5 to 10 times higher than other
subwatersheds. The downstream portions of Raven Creek had the next highest
subwatershed TSS yield, followed by the main stem of Sand Creek and the two Porter
Creek subwatersheds.

e Load duration curves showed that TSS loads exceeding the TSS goals generally occurred
at higher flows or during the seasonal period representing snow melt and spring (March-
June).

e Analysis of data from Louisville Swamp indicate that a combination of algae growth and

carp contribute to a net export of solids from the swamp under low flow conditions.
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Thus, TSS loading going into the River may be somewhat higher than the TSS load
estimated from the Jordan site.
e Comparison of TSS loads from point source discharges in the watershed showed that the
point source contributions are a negligible part of the overall TSS load.
e The Biological Stressor Identification analysis identified six candidate causes for the 1BI
impairments as follows:
o Habitat fragmentation — Sand Creek, Picha Creek, and Porter Creek
o Inadequate baseflow — Picha Creek, Le Sueur County Ditch Number 54, and
Porter Creek
o Low dissolved oxygen — Le Sueur County Ditch Number 54 and Porter Creek
o lonic strength - Le Sueur County Ditch Number 54
o Habitat — Le Sueur County Ditch Number 54, Picha Creek, and Porter Creek

o Sediment — Picha Creek and Porter Creek

e The Biological Stressor Identification analysis concluded that sediment by itself was not
a stressor, but also concluded that additional data is needed to determine whether
sediment and ionic strength are co-stressors with habitat fragmentation.

e The Biological Stressor Identification analysis concluded that other probable stressors;
chlorides, ionic strength, and low dissolved oxygen require additional investigation.

e Monitoring data suggest that Lake Pepin is impaired for recreation due to excessive
nutrients.

e Results of the study are already being used to target local programs.

Priority Subwatersheds

The project identified priorities by subwatershed as shown in Table 6-1 for addressing turbidity.
These were largely developed based on the subwatershed runoff and TSS yields presented in
Section 4 (Figures 4-3, 4-4, 4-7, and 4-8; and the turbidity exceedence level in Table 4-1).

The team also concurred that reducing the number of fish migration barriers that create habitat

fragmentation should; in general, prioritize downstream areas where flows are higher and more
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likely perennial. However, the team also recognized that the falls in Jordan has a historic
foundation as a natural feature, and does not recommend modifying it. For habitat improvement
the priority established by the Scott WMO was to focus on riparian conditions and
implementation of the Natural Area Corridors concept.

For other potential stressors identified by the study, additional data collection and analysis is

needed before priority areas and management actions can be identified.

Table 6-1. Priority Management Efforts by Subwatershed

Subwatershed Sediment Control Runoff Reduction
Lower Sand Creek Low (Except ravines on the Low
bluff which are high)

Middle Sand Creek High Low
Upper Sand Creek High High
Unnamed Tributary (Picha Creek) High High
Porter Creek High High
Upper Porter Creek High High
Sand Creek Tributary Low Medium
Lower Raven Creek High ?!
East Raven Low High
West Raven Low Medium
SC Ditch 10 Low Medium

'Unable to prioritize because of data quality questions

Additional Data Needs

The study identified several areas where additional information will help with informed decision
making. First, the study found disproportional suspended solids yields coming from the Middle
Sand Creek watershed. This is thought to be from near channel sources, but it remains unknown
whether this is largely from the Sand Creek channel itself or from ravines discharging into this
reach of the Sand Creek. To address this unknown, Scott WMO staff will be walking this
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section of Sand Creek again in 2010. The Scott WMO is also contemplating an effort in 2010 to

look more closely at some of the ravines.

Second, the study showed that sampling protocol affects the appearance of whether or not there
is a turbidity exceedence. Analysis of continuous turbidimeter readings over long periods
showed a much lower percent exceedence than sample collection efforts that are known to be
biased toward wet weather. This is important since the turbidity listing protocol is based on a
percent exceedence, and the Biological Stressor analysis was inconclusive with respect to
sediment being a stressor immediately above the falls in Jordan. To address this question, the
Scott WMO is contemplating deploying turbidimeters on Porter and Raven Creeks for longer
periods of time, next time the Scott WMO monitors, and to encourage Met Council to continue
operation of its turbidimeter at Jordan to get a longer continuous period of record. The next
time the Sand Creek watershed is scheduled to be monitored intensively by the Scott WMO is
2012.

Third, the study found a number of additional potential stressors (low dissolved oxygen,
chlorides, ionic strength) for which additional data (including in some cases flow and fish data),
is needed to either confirm or diagnose. Some of this data can be collected when the Scott
WMO monitors Sand Creek intensively again in 2012. However, some of these areas are not in
the Scott WMO, and some of the findings have lead to new listings and the need for TMDLSs.
Thus, it’s expected that for these potential stressors, that the additional data needed will be

compiled as part of the TMDL studies.
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