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1. OVERVIEW 
 
Minnehaha Creek flows from Lake Minnetonka at the outlet of Grays Bay eastward for 22 miles to the 
Mississippi River (Figure 1).  It is the physical link that binds together the network of urban lakes, parks 
and open space that define the southwestern Twin Cities area and south Minneapolis.  The creek drains an 
area of 47.3 square miles below Lake Minnetonka.  One lake, Lake Hiawatha, is in-line to the creek. 
 
As the outlet for Lake Minnetonka, Minnehaha Creek must discharge large volumes of water during 
spring snowmelt runoff.  In drier periods, Lake Minnetonka typically does not discharge water.  An 
operating plan was established for the Grays Bay dam headwaters control structure when it was put into 
service in 1980.  The plan was intended to emulate the historical discharge hydrograph produced by 
previous controls and the natural outlet of Lake Minnetonka. 
 
Development in the Minnehaha Creek watershed has significantly changed the hydrology, resulting in 
increased storm water volumes and flow peaks compounded by reduced infiltration and base flow.  
Wetlands and depression storage that naturally extend the period of flow have largely been eliminated in 
the Minnehaha Creek watershed.  Large volumes of surface runoff are produced by the impervious area, 
but are discharged over a short period leaving the creek dry at times.  Lake Hiawatha is heavily 
influenced by Minnehaha Creek from both a hydrologic and nutrient loading perspective. 
 
Minnehaha Creek appears on the State of Minnesota’s §303(d) list of Impaired Waters due to its impaired 
biotic community.  Lake Hiawatha appears due to excess nutrients.  Fecal coliform and chloride have 
been included as additional causes of impairment for Minnehaha Creek on Minnesota’s draft 2008 
§303(d) list.  The purpose of this project is to build upon the existing knowledge base to develop a Total 
Maximum Daily Load (TMDL) and implementation strategy acceptable to the Minnesota Pollution 
Control Agency (MPCA) and the Environmental Protection Agency (EPA), which focuses on the use of 
flow duration curves to: 

 Evaluate the Grays Bay Dam operations plan and recommendations for future operations to create 
a more stable hydrologic regime; 

 Strategically target precipitation benchmarks and geographic locations for capital projects to 
reduce nutrient loading to downstream waters; 

 Strategically target geographic locations for capital projects for storm water runoff volume 
reduction; and 

 Provide recommendations on the optimization of the biota / habitat value of Minnehaha Creek. 
 
Due to the scope of the effort, the MPCA and the Minnehaha Creek Watershed District (MCWD) wish to 
better identify key issues that will need to be addressed during development of the TMDL.  This includes 
identifying potential data gaps that could be filled by monitoring efforts during the 2008 field season.  
This project will provide MPCA and MCWD with a better understanding of the information needed to 
proceed with TMDL development, how it should be used, and a list of key issues that the TMDL will 
ultimately need to address. 
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Figure 1. Map of Minnehaha Creek. 
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2. CONSIDERATIONS 
 
A number of studies have been conducted that contain data and information relevant to water quality in 
the watershed.  Several reports summarize the results of ambient monitoring efforts and highlight key 
issues to be addressed by the TMDL.  Table 1 presents a location inventory, which considers some 
important factors to address in utilizing a duration curve framework for TMDL development in 
Minnehaha Creek.  These factors include: 
 

 Location of major changes in flow regime (both impoundments and major inputs, e.g., releases 
from Lake Minnetonka and runoff from the numerous storm sewer outfalls) 

 Location of existing stream flow data 
 Location of existing water quality monitoring data 

 
The location inventory is organized using a tiered approach, presenting information from the head of 
Minnehaha Creek at the Grays Bay Dam outlet downstream to the mouth.  The first tier is built around 
index stations (or nodes) used in the recent “Minnehaha Creek Watershed Planning Study Phase I” report 
(USACE, 2008).   Simulated flows were calculated at six points on Minnehaha Creek based on 
precipitation records from 1949 to 2003 using the XP-SWMM rainfall / runoff model previously 
developed for the District (Emmons & Olivier, 2003).  The second tier uses reaches identified in the 
“MCWD Stream Assessment Data Report” prepared for the District (Wenck, 2004).  This report 
segmented Minnehaha Creek into thirty reaches, which included a physical inventory, erosion survey, 
geomorphic evaluation, and biological assessment. 
 
Both reports, as well as the ”Minnehaha Creek Watershed District Comprehensive Water Resources 
Management Plan” (Wenck, 2007), highlight two major concerns that affect water quality: 1) flashy 
storm event flows that often result in stream bank erosion; and 2) low base flows that reduce habitat and 
limit biotic integrity.  The high percentage of impervious surface in this urbanized subwatershed has 
reduced the amount of storm water that would naturally infiltrate and help sustain base flow.  This storm 
water is efficiently conveyed to the creek through numerous storm sewer outfalls, which results in the 
flashy flows.  The increased storm water volumes also convey nutrients, sediment, and other pollutants to 
Minnehaha Creek.  For this reason, the number of storm sewer outfalls in each reach (or group of reaches) 
is included in the location inventory. 
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Table 1. Location inventory of key points along Minnehaha Creek. 

USACE 
Node 

Stream 
Assessment 

Reach 

Storm 
Sewer 

Outfalls 
River 
Mile 

Drainage 
Area 

Site 
ID Location 

30 0 22.08 124.7 CMH07 Grays Bay Dam 

20.23 128.7 CMH19 
Gage I-494 29 8 

19.55  Bridge Street 
5A 

28 2 18.83 133.4 CMH14 BNSF Railroad (Big Willow Park) 
27 4 17.62  Hedberg Drive (extended) 
26 0 17.44  Wetland edge 
25 5 16.69  Minnetonka Boulevard 

6 

24 2 15.77 138.1 CMH02 West 34th Street (Minnetonka) 
23 8 15.11  Highway 7 
22 3 14.74  Lake Street NE 
21 7 14.16  Meadowbrook Road 

13.24 CMH11 Excelsior Blvd. (St. Louis Park) 20 11 
13.07  Golf Course Cart Path 

19 1 12.24  Soo Line Railroad 
18 3 11.89  West 44th Street 

7 

17 3 10.85 143.5 CMH03 
Gage Browndale Dam (Edina) 

16 5 10.62  Wooddale Avenue 
15 3 9.70  West 54th Street 

9.34 CMH04 West 56th Street (Edina) 14 9 
8.92  France Avenue 

13 3 8.04  West 54th Street 
7.95 CMH15 Xerxes Avenue 
7.73 CMH12 Upton Avenue 12 12 
6.89  Logan Avenue 
6.63  Discharge from Lake Harriet 

8 

11 12 
5.96 160.7 CMH16 Lyndale Avenue 

10 9 5.20  Nicollet Avenue 
9 11 4.48  Portland Avenue 

4.17 CMH05 Chicago Avenue 8 15 
3.55  Bloomington Avenue 

7 6 3.24  Cedar Avenue 

6 8 2.61 CMH24 21st Avenue (Golf Course 
Footbridge) 

9 

5 1 2.39 170.9  Lake Hiawatha Weir 
2.29 CMH18 28th  Avenue 
1.82 CMH17 32nd Avenue 4 17 
1.60  34th Avenue 

3 4 1.01 171.7

CMH06 
MH1.7 

05289800 
Gage 

Hiawatha Avenue 

2 5 0.86  Minnehaha Falls 

10 
 

1 7 0.00  Mississippi River 
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3. FLOW DATA 
 
The analysis of flow information should recognize the complexity of Minnehaha Creek’s physical and 
hydrologic regime, as it meanders from Grays Bay Dam to the Mississippi River.  For instance, the full 
length of the reach from Grays Bay Dam to I-494 is surrounded by wetlands.  From I-494 to Excelsior 
Boulevard, the Creek is characterized by a mix of relatively straight channels combined with several 
sections surrounded by wetlands.  Below Excelsior, Minnehaha Creek enters Meadowbrook Lake 
followed by a short straight channel, then into the section impounded by Browndale Dam (often referred 
to as the Mill Pond).  From Browndale Dam to Lake Hiawatha, Minnehaha Creek follows a fairly 
confined channel.  Nearly seventy percent of all storm sewer outfalls entering Minnehaha Creek are 
below Browndale Dam.  Flow in Minnehaha Creek from Lake Hiawatha is controlled by a weir structure. 
 
Releases from Lake Minnetonka have a major effect on the underlying flow characteristics of Minnehaha 
Creek.  As discussed earlier, storm water runoff and the lack of infiltration from impervious surfaces have 
also influenced the physical habitat and water quality of the creek.  This section of the report provides a 
brief review of available flow information and how the current data can be used to develop flow duration 
curves.  Seasonal variation and peak flows are also discussed because of their importance in addressing 
data gaps.  The section concludes with some thoughts on the use of hydrograph separation as a potential 
tool to help refine a duration curve analysis. 
 
3.1 Available Information 
 
Information that can be used to describe the basic hydrology of Minnehaha Creek is available from 
several sources.  The District operates stage recorders at two locations on the Creek.  In addition, 
instantaneous flow measurements are made in conjunction with water quality sampling efforts at routine 
monitoring sites.  MCWD flow measurements are currently obtained using a Flow Tracker™ Acoustic 
Doppler Velocity (ADV) meter.  In 2005 and 2006, flow measurements were made in conjunction with 
water quality sampling using a standard current meter.  Prior to 2005, flows were estimated based on 
stage readings taken with water quality sampling in conjunction with rating curves based on periodic 
current meter measurements. 
 
The Metropolitan Council (Met Council) operates a Watershed Monitoring Outlet Program (WOMP) 
station at 32nd Avenue, where daily flow data has been collected since 1999.  In 2005, the U.S. Geological 
Survey established a gaging station just below the WOMP site.  An inventory of streamflow gages is 
presented in Appendix C of the “Minnehaha Creek Watershed Planning Study Phase I” report (USACE, 
2008).  Another source of information, which can be used to develop flow duration curves, is XP-SWMM 
model output reported in the “Minnehaha Creek Watershed Planning Study Phase I”.  This information 
was developed by tabulating historic precipitation over the watershed, which was converted to flow data 
using the rainfall / runoff model.  An inventory of available flow information for potential use in a 
duration curve TMDL framework is provided in Table 2. 
 
3.2 Duration Curves 
 
Flow duration curves provide a way to address the inherent variability associated with hydrologic 
information.  Duration curves describe the percentage of time during which specified flows are equaled or 
exceeded (Leopold, 1994).  Flow duration analysis looks at the cumulative frequency of historic flow data 
over a specified period.  Duration analysis results in a curve, which relates flow values to the percent of 
time those values have been met or exceeded.  Low flows are exceeded a majority of the time, whereas 
floods are exceeded infrequently. 
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Table 2. Inventory of available Minnehaha Creek flow information. 
R.M. Location Site ID Type of Data Period of Record 
20.08 I-494 CMH19 Partial continuous 2002 - present 

CMH14 WQ/Instantaneous 2007 - present 18.83 BNSF Railroad (Big Willow Park) 
N-05A Model output XP-SWMM (1949-2003) 

CMH02 WQ/Instantaneous  15.77 West 34th Street (Minnetonka) 
N-06 Model output XP-SWMM (1949-2003) 

13.24 Excelsior Blvd. (St. Louis Park) CMH11 WQ/Instantaneous  
CMH03 Partial continuous 1992 - present 10.85 Browndale Dam 

N-07 Model output XP-SWMM (1949-2003) 
9.34 West 56th Street (Edina) CMH04 WQ/Instantaneous  
7.73 Upton Avenue CMH12 WQ/Instantaneous  

CMH16 WQ/Instantaneous  5.96 Lyndale Avenue 
N-08 Model output XP-SWMM (1949-2003) 

4.17 Chicago Avenue CMH05 WQ/Instantaneous  

2.61 21st Avenue (Golf Course 
Footbridge) CMH 24 WQ/Instantaneous 2007 - present 

2.39 Lake Hiawatha Weir N-09 Model output XP-SWMM (1949-2003) 
1.82 32nd Avenue CMH17 Continuous 1999 - present 
1.01 Hiawatha Avenue 05289800 Continuous 2005 - present 
0.00 Mouth N-10 Model output XP-SWMM (1949-2003) 

Note: Flow measurements taken by the District in conjunction with water quality samples are currently 
collected using a Flow Tracker™ Acoustic Doppler Velocity (ADV) meter.  In 2005 and 2006, flow 
measurements by the District were conducted using a standard current meter.  Prior to 2005, 
flows were estimated based on stage readings in conjunction with rating curves based on 
periodic current meter measurements. 

 
 
Duration curves provide the benefit of considering the full range of flow conditions. Development of a 
flow duration curve is based on daily average stream discharge data.  A typical curve runs from high 
flows to low flows along the x-axis, as illustrated in Figure 2 for Minnehaha Creek using the USGS 
Hiawatha Avenue gage data combined with the Met Council WOMP information.  Note the flow duration 
interval of sixty associated with a stream discharge of 13.7 cfs (i.e., sixty percent of all observed stream 
discharge values equal or exceed 13.7 cfs). 
 
Flow duration curve intervals can be grouped into several broad categories or zones.  These zones provide 
additional insight about conditions and patterns associated with the impairment.  A common way to look 
at the duration curve is by dividing it into five zones, as illustrated in Figure 2:  one representing high 
flows (0-10%), another for moist conditions (10-40%), one covering mid-range flows (40-60%), another 
for dry conditions (60-90%), and one representing low flows (90-100%).  This particular approach places 
the midpoints of the moist, mid-range, and dry zones at the 25th, 50th, and 75th percentiles respectively 
(i.e., the quartiles). The high zone is centered at the 5th percentile, while the low zone is centered at the 
95th percentile. 
 
The “Minnehaha Creek Watershed Planning Study Phase I” converted historic precipitation from 1949-
2003 to flow data using a rainfall / runoff model. Using available information, flow duration curves were 
developed for Minnehaha Creek at the USACE index sites (or nodes).  Figure 3 depicts flow duration 
curves for Minnehaha Creek at the BNSF Railroad Bridge, at Browndale Dam, and at Hiawatha Avenue 
based on the XP-SWMM model output. 
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Figure 2. Flow duration curve for Minnehaha Creek using gaging data. 
    
 

 
 
Figure 3. Flow duration curves for Minnehaha Creek using XP-SWMM model output. 
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Although the hydrology of Minnehaha Creek is complex, the combined 32nd Avenue / Hiawatha gage 
(subsequently referred to as the Hiawatha gage) can serve as an index site used to identify flow duration 
intervals at ungaged or partially gaged sites.  This index site approach assumes that when flows are high 
at the Hiawatha gage, flows are comparably high at the other sites.  Similarly, when flows are low at the 
Hiawatha gage, flows are comparably low at partially gaged or ungaged sites.  This is a reasonable 
assumption, particularly in view of the fact that flows at the other sites will likely be the result of similar 
factors contributing to flows at the Hiawatha site (e.g., releases from Grays Bay Dam or rain events over 
the Minnehaha Creek watershed). 
 
The validity of this assumption can be tested in two ways.  First, a regression relationship can be 
developed between the partial record sites (I-494 and Browndale Dam) and the Hiawatha index site.  This 
relationship can be used to compare patterns of the resulting flow duration curves, as shown in Figure 4.  
The shape of the I-494 duration curve is likely due to the partial record at this location combined with 
large influence of releases from Lake Minnetonka at this site.  This represents a data gap, which should be 
further explored in the TMDL development process. 
 

 
Figure 4. Flow duration curves at partial record sites using a regression relationship. 
 
Second, instantaneous flow measurements at ambient water quality monitoring sites can be displayed 
using the corresponding flow duration interval at the Hiawatha index site, as shown in Figure 5 for the 
Chicago Avenue monitoring station.  Figure 5 uses a “box and whisker” format to graphically depict the 
variability for each zone, and appears to confirm that the assumed pattern holds.  Figure 6 displays the 
same information for the I-494 monitoring site.  While the assumed pattern still holds, differences in the 
flow magnitude for each zone can be seen.  The magnitude is also different than the one shown in Figure 
4, which was developed using a regression relationship.  This highlights a major data gap:  the need to 
obtain good, consistent flow estimates in the headwater area of Minnehaha Creek (e.g., the I-494 
vicinity). 
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Figure 5. Instantaneous flow measurements at Chicago Avenue using Hiawatha as an index site. 
 
 

 
 
Figure 6. Instantaneous flow measurements at I-494 using Hiawatha as an index site. 
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3.3 Seasonal Variation 
 
Seasonal variation in flow is a key part of TMDL development.  Seasonal loads are directly proportional 
to seasonal flows (i.e., load equals flow times concentration times a conversion factor).  Figure 7 
illustrates the seasonal variation in flow for the Hiawatha index site.  It is interesting to note the likely 
effect of releases from Lake Minnetonka.  For instance, flows in June are generally consistent as 
evidenced by the relatively small “box” (i.e., half of all monthly average values lay within the “box”).  
As summer progresses, this variability increases as evidenced by the increasing size of the “box”.  It is 
interesting to note that the upper part of the “box” remains at a fairly consistent flow through August, 
September, and October. 
 

 
Figure 7. Seasonal variation in flow for Minnehaha Creek. 
 
 
3.4 Peak Flow Analysis 
 
Flood frequency information demonstrates the effect of increased impervious cover in the lower 
watershed.  Table 3 summarizes the ten-year flood frequency analysis presented in Section XI of the 
“Minnehaha Creek Watershed Planning Study Phase I” report (USACE, 2008).  The values in Table 3 
were derived from the annual peak flows generated using the XP-SWMM output for the 54-year period 
simulation.  One way to assess concerns associated with increasing impervious cover is to express the 
incremental increase in the ten-year peak as a unit area flow.  The significant increase in the unit area 
flow for nodes 7, 8, and 9 highlights the effect of the number of storm sewer outfalls in these reaches. 
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Table 3. Minnehaha Creek peak flow analysis. 
Incremental Increase 

Node Location Area 
(sq.mi.) 

10-year Peak 
Flow 
(cfs) Area 

(sq.mi.) 
Peak Flow 

(cfs per sq.mi.) 
5A BNSF Railroad 133.4 452  3.39 
6 West 34th Street (Minnetonka) 138.1 467 4.7 3.19 
7 Browndale Dam (Edina) 143.5 514 5.4 8.70 
8 Lyndale Avenue 160.7 685 17.2 9.94 
9 Lake Hiawatha Weir 170.9 764 10.2 7.75 

 
 
The ”MCWD Stream Assessment Data Report” (Wenck, 2004) also contains a quantitative analysis, 
which depicts the longitudinal increase of flow in Minnehaha Creek following a major storm event.  This 
analysis used XP-SWMM to simulate a July 1, 1997 storm when 2.41 inches fell in one hour.  This 
analysis is particularly informative, as it also highlights those stream reaches that are most influenced by 
storm water discharges.  It is consistent with other information in the ”MCWD Stream Assessment Data 
Report”, such as stream bank erosion problems.  Based on this analysis, assessment of water quality 
information should closely examine patterns for stations between Browndale Dam and Lake Hiawatha 
(for instance, the Chicago Avenue site CMH05). 
 

 
 
Figure 8. Peak flow increase in Minnehaha Creek for a 2.41 inch one hour storm. 
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3.5 Hydrograph Separation 
 
Surface runoff following rain events can be one of the most significant transport mechanisms of sediment, 
nutrients, bacteria, and other pollutants.  Precipitation is the primary driving mechanism responsible for 
storm flows and associated surface runoff.  Rainfall / runoff models, such as HSPF, SWAT, or SWMM, 
are generally used to provide detailed estimates of the timing and magnitude of storm flows.  However, 
these can also be very rigorous and time-consuming approaches. 
 
The use of basic hydrology and duration curves can help provide another method to examine general 
watershed response patterns regarding storm water.  Streamflow hydrographs can be separated into base 
flow and surface runoff components (Sloto and Crouse, 1996).  The base-flow component is traditionally 
associated with groundwater or controlled discharges (e.g., releases from Lake Minnetonka).  The 
surface-runoff component is associated with precipitation that enters the stream as overland flow.  
Information from hydrograph separation can be used to develop a flow duration curve with either the base 
flow or surface runoff components. 
 
Figure 9 provides an example “storm flow” duration curve for Minnehaha Creek using hydrograph 
separation on data from the Hiawatha index site.  The information is derived by subtracting the base flow 
estimate (which reflects the combined effect of Lake Minnetonka releases and groundwater) from the 
total recorded flow.  The resultant value represents an estimate of surface runoff.  This duration curve can 
be used as an initial estimate to describe the frequency and magnitude of tributary storm flows to 
Minnehaha Creek. 
 
A follow-up action relative to data needs for TMDL development would be to compare this hydrograph 
separation “storm flow” duration curve approach to a method that estimates storm flows from tributary 
subwatersheds using a rainfall / runoff model.  As an initial screening analysis, Figure 10 provides a 
visual comparison of precipitation measurements at the Minneapolis – St. Paul Airport (MSP) to the 
resultant “storm flow” duration curve.  Based on this graph, the utility of this approach seems valid.  
Larger rain events result in larger flows across the high and moist zones, which would be expected.  The 
decrease in storm flow relative to rainfall across the mid-range and dry zones is also not unexpected.  The 
potential for infiltration and evaporation would be more pronounced under these conditions. 
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Figure 9. “Storm flow” duration curve for Minnehaha Creek using Hiawatha index site. 
  

 
Figure 10. Comparison of MSP precipitation to Minnehaha Creek “storm flow” duration curve. 
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4. WATER QUALITY DATA 
 
The next step in the TMDL data “gap” analysis is to examine the water quality information.  The purpose 
of this assessment is to evaluate patterns that might highlight areas where additional data is needed.  This 
section provides a brief review of available water quality information including a summary of the 
longitudinal profile for several parameters.  A short water quality duration curve analysis of the data is 
then presented.  This serves as an introductory discussion for identifying potential analytical methods, 
which could strengthen the TMDL development process for Minnehaha Creek using flow duration curves.  
This section concludes with some additional thoughts on the use of hydrograph separation as a potential 
tool to help refine a duration curve analysis. 
 
 
4.1 Available Information 
 
MCWD has an extensive hydrologic data program through which it collects and analyzes 
precipitation, water level, discharge, water quality, stream flow, and groundwater level data.  Monitoring 
of some parameters dates back to 1968.  The sampling and analysis program was expanded in 1997 to 
provide an intensive look at background water quality throughout the watershed, and to better define 
annual water and nutrient budgets within the watershed.  Over this period, water quality data has been 
collected at several locations on Minnehaha Creek.  Table 4 provides an inventory, which summarizes the 
locations sampled each year since 2000. 
 
 

Table 4. Inventory of available Minnehaha Creek water quality data. 
R.M. Location Site ID 2000 2001 2002 2003 2004 2005 2006 2007 
22.08 Grays Bay Dam CMH07  X X X X X X X 
20.08 I-494 CMH19 X X X X X X X X 
18.83 Big Willow Park CMH14        X 

15.77 West 34th Street 
   (Minnetonka) CMH02 X X X X X X X X 

13.24 Excelsior Blvd. 
   (St. Louis Park) CMH11 X X X X X X X X 

10.85 Browndale Dam CMH03 X X X X X X X X 

9.34 West 56th Street 
   (Edina) CMH04      X X  

7.95 Xerxes Avenue CMH15       EC X 
7.73 Upton Avenue CMH12 X X X X X X X  
5.96 Lyndale Avenue CMH16       EC X 
4.17 Chicago Avenue CMH05 X X X X X X X  

2.61 21st Avenue  (Golf 
Course Footbridge) CMH 24        X 

2.29 28th Avenue CMH18       EC X 
1.82 32nd Avenue CMH17 X X X X X X X  
1.01 Hiawatha Avenue CMH06      X X X 

Note: EC in table refers to E. coli only samples. 
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4.2 Longitudinal Patterns 
 
The complex nature of Minnehaha Creek’s physical and hydrologic regime clearly affects water quality as 
the stream moves from Lake Minnetonka to the Mississippi River.  Storm water inputs from different 
types of urban / suburban land uses add yet another dimension to assessment work needs for TMDL 
development in Minnehaha Creek.  A good starting point is to examine the longitudinal profile of several 
parameters using MCWD’s 2000 to 2007 water quality data.  Figure 11 shows the longitudinal profile for 
total suspended solids, while Figure 12 displays the same information for total phosphorus (shown against 
the District’s 80 μg/L in-stream target). 
 
Longitudinal patterns are shown that warrant further investigation, particularly in the linkage analysis 
phase.  For example, TSS at the I-494, Browndale Dam, and 32nd Avenue sites indicate lower variability.  
This is likely the result of reduced velocities immediately above these locations where settling would be 
expected to occur.  While the median TSS concentrations fluctuate as a function of stream velocity, 
median total phosphorus concentrations increase from I-494 to Browndale.  Below Browndale, the 
increase becomes more gradual. 
 
A simple visual display of all data for an individual parameter is one way to view longitudinal patterns.  
Other factors that may contribute to longitudinal variation should be examined.  As an example, Table 5 
summarizes longitudinal information for total phosphorus concentrations at three monitoring locations. 
The data demonstrates the effect of year-to-year variation.  Table 6 is another way to look at longitudinal 
patterns for total phosphorus at the same monitoring sites.  In this case, the effect of seasonal variation 
can also be examined. 
 
In summary, another current gap is the need for an analytical framework that can be used to more closely 
examine cause-and-effect relationships that contribute to observed patterns.  The needed framework 
should have the ability to assess longitudinal patterns, year-to-year fluctuations, and seasonal variation. 
 
 

Table 5. Longitudinal and year-to-year variation in total phosphorus. 
Average Total Phosphorus  (μg/L) Monitoring 

Location 2000-06 2000 2001 2002 2003 2004 2005 2006 
I-494 63.4 100.8 51.9 48.1 57.9 71.9 79.9 39.5 
Excelsior 87.5 140.3 76.3 69.2 74.3 103.1 107.9 72.7 
Chicago Ave 82.6 113.0 88.2 74.2 74.2 84.7 82.7 70.5 

 
 
 

Table 6. Longitudinal and seasonal variation in total phosphorus. 
Average Total Phosphorus  (μg/L) Monitoring 

Location April May June July August September October 
I-494 85.4 55.2 44.8 49.4 51.3 48.0 32.0 
Excelsior 94.0 78.7 94.2 70.1 68.6 98.2 76.3 
Chicago Ave 103.5 87.6 88.5 80.5 68.9 59.9 58.1 
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Figure 11. Longitudinal profile of total suspended solids in Minnehaha Creek. 
 

 
 
Figure 12. Longitudinal profile of total phosphorus in Minnehaha Creek. 
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4.3 Water Quality Duration Curves 
 
Hydrology has the potential to exert a major influence on water quality in Minnehaha Creek.  Pollutant 
loads to the Creek are likely associated with releases from Lake Minnetonka, storm water runoff 
following rain events, or a combination of the both.  For this reason, the effect of flow on water quality 
should be investigated.  Ambient monitoring data, taken with some measure or estimate of flow at the 
time of sampling, can be used to develop water quality duration curves. 
 
Using the relative percent exceedance from the flow duration curve that corresponds to the stream 
discharge at the time the sample was taken, the water quality value can be plotted in a duration curve 
format.  By displaying ambient water quality data and the daily average flow on the date of the sample 
(expressed as a flow duration curve interval), a pattern develops, which describes the characteristics of the 
water quality impairment.  Values that plot above the criterion or numeric target indicate an exceedance 
of the water quality criterion, while those below the load duration curve show compliance.  Figure 13 and 
Figure 14 illustrate the utility of water quality duration curves in assessing Minnehaha Creek data. 
 
 

 
 

Figure 13. Water quality duration curve for total suspended solids. 
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Figure 14. Water quality duration curve total phosphorus. 
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4.4 Use of Hydrograph Separation Information 
 
The urbanized nature of the Minnehaha Creek watershed highlights the need to develop storm flow 
volume estimates.  In addition to the pronounced effect on the stream’s hydrology, the increased storm 
water volumes also deliver nutrients, sediment, bacteria, and other pollutants to the Creek.  Improved 
analytical tools, which combine rainfall-runoff relationships with land use, soil type, and impervious 
cover information, will clearly enhance the TMDL assessment process.  However, in the absence of such 
tools, a screening level analysis can still be conducted. 
 
The utility of duration curves to evaluate water quality patterns was illustrated in Figure 13 and Figure 14.  
Basic hydrology can also be applied to develop screening level analyses, which examine the potential 
effect of storm water runoff on water quality.  As discussed earlier, hydrograph separation techniques can 
be used to develop a flow duration curve of the surface runoff component.  This “storm flow” duration 
curve can then be matched with water quality data to examine in-stream patterns. 
 
Figure 15 depicts fecal coliform data collected at the MCWD Chicago Avenue monitoring site using the 
Hiawatha Avenue gage to determine flow duration intervals.  One of the challenges faced in interpreting 
this data is that situations exist in Minnehaha Creek, where the exact same flow may be the result of two 
completely different conditions.  In one instance, the flow may be dominated by releases from Grays Bay 
Dam.  Conversely, that same flow could also be the result of a significant rain event.  This creates the 
dilemma of ascertaining whether the water quality measurement reflects upstream conditions (e.g., Lake 
Minnetonka), or if it is the result of storm water sources. 
 
Figure 16 illustrates the same water quality data using the “storm flow” duration curve.  This method 
allows examination of in-stream water quality patterns, which reflect the strength of storm water runoff.  
As shown in Figure 16, higher bacteria concentrations associated with greater storm flows are more 
readily apparent.  Figure 17 and Figure 18 enable a similar comparison of techniques for total phosphorus 
at the Chicago Avenue site. 
 
This technique provides another way to assess the key factors affecting ambient water quality prior to 
initiating an investment in more rigorous, time-consuming, and expensive approaches.  The approach 
simply utilizes existing water quality data to detect patterns to help guide critical decisions regarding the 
level of additional assessment that is needed.  The technique can also be used to develop “bracketed 
estimates” of source loads from ambient water quality monitoring data, which can be compared against 
potential modeling assumptions. 
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Figure 15. Water quality duration curve for fecal coliform. 
 
 

 
Figure 16. Water quality “storm flow” duration curve for fecal coliform. 
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Figure 17. Water quality duration curve for total phosphorus. 
 

 
Figure 18. Water quality “storm flow” duration curve for total phosphorus. 
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5. TMDL DEVELOPMENT 
 
The analysis conducted to date indicates that information is available to construct basic load duration 
curves for several parameters, which could be used to support Minnehaha Creek TMDL development.  
Total phosphorus and bacteria are notable examples because criteria values and numeric targets have been 
identified that can be combined with flow duration curves at several points along the creek. 
 
The duration curve framework provides a reasonable way to define TMDLs because it recognizes that the 
loading capacity of a stream changes based on flow conditions.  Duration curves also allow adjustments 
in setting allocations.  Differences can be reflected in the types of sources that may be dominant under 
various flow conditions.  For example, waste load allocations for municipal separate storm sewer systems 
(MS4) can be identified in a way that accounts for increased loads under higher flow conditions.  Figure 
19 illustrates this concept. 
 
Although this basic information exists, the resultant TMDLs could be of limited value for certain 
parameters.  Finding ways to address known water quality concerns in a way that can provide meaningful 
guidance towards implementation efforts is also an important consideration.  Past reports coupled with the 
screening analyses described above indicate that storm water volume is a key factor that needs to be 
thoroughly addressed during TMDL development for Minnehaha Creek.  The use of surrogate measures, 
which complement regulatory requirements for TMDL development, is an approach gaining support in 
addressing TMDL development involving storm water concerns and is more thoroughly discussed in the 
following section. 
 

 
Figure 19. Example TMDL summary using duration curve framework. 
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5.1 Use of Surrogate Measures 
 
An advantage of the TMDL process is the ability to consider the role of multiple stressors that may 
contribute to water quality problems.  In urban areas experiencing storm water problems, designating a 
single stressor is often difficult with available information.  However, assessment information typically 
indicates that storm water (specifically components related to hydrologic modification, water quality, and 
pollutant discharges) can be the most significant contributor to observed biological impairments.  In MS4 
areas where these situations exist, meaningful solutions generally involve implementation of post-
construction storm water management practices, retrofits, or low impact development. 
 
A “bottom up” approach based on hydrology enables key pieces to be connected through linkage 
analyses that describe logic used to identify relationships between indicators and targets.  This approach 
was utilized in a TMDL recently developed in Vermont.  Figure 20 illustrates the logic path used in 
Vermont, where existing information suggests that biological impairment is most likely caused by out of 
balance water flow and sediment dynamics.  Hydrology is a major driver for both upland and stream 
channel erosion.  Consequently, control of high water flows will also achieve reductions in delivery and 
transport of sediment (Figure 20).  A Storm Water Management Program (SWMP) targeted toward 
restoring an appropriate balance of water flow and pollutant loading has the greatest potential for success. 
 
In the case of the Vermont streams (Figure 20), evidence suggests that degraded habitat and increased 
sedimentation are the highest concerns (based on channel substrate composition data).  Sediment delivery 
from major erosion processes (bank, gully, surface) occurs under high flow conditions, as evidenced 
through a duration curve analysis of suspended sediment concentrations (SSC) data.  Analysis of rating 
curves shows a positive correlation between flow and suspended sediment (e.g., a reduction in higher 
flows results in a reduction in SSC).  Examination of physical processes behind sediment delivery and 
transport (e.g., shear stress, velocity, stream power, particle size) indicate that a reduction in high flows 
will lead to a reduction in sediment.  As discharge decreases, the corresponding decrease is likely to be 
exponential because multiple sources of sediment are linked to storm water volume (e.g., bank erosion, 
gully erosion, surface erosion, lower resistance of channel substrate to sediment transport). 

 

 
 
Figure 20. Relationship of biological impairment to surrogate measures. 
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5.2 Potential Applicability to Minnehaha Creek 
 
Multiple factors affect water quality and aquatic life uses in Minnehaha Creek.  Lake Hiawatha is 
currently on the §303(d) list because of excess nutrient loads from the creek.  Fecal coliform bacteria and 
chloride are other pollutants identified for Minnehaha Creek on Minnesota’s draft 2008 §303(d) list.  The 
impaired biotic community listing is likely the result of several causes.  Potential reasons involve not only 
pollutants delivered to the stream, but also flow (both excess and the lack of). 
 
Flow in the creek is controlled by numerous structures including major weirs.  Drainage is conveyed 
through a network of storm sewers, ditches, wetlands, and lakes.  Channel bank stability is stressed by 
“flashy” storm discharges.  Limitations on discharges from Lake Minnetonka, reduced infiltration and 
base flow, multiple impoundments, and channel overwidening lead to extended periods when flow and 
depths in the creek are insufficient for recreation and severely stress aquatic life.  A 2003 fish survey on 
Minnehaha Creek found that most species between I-494 and Minnehaha Falls consisted of lake species 
with few adults.  This indicates a lack of suitable habitat for riverine species.  Few adults also imply a 
lack of refuge during low flow periods and for overwintering. 
 
Stressor Identification (SI) is a process to identify stressors causing biological impairment and to establish 
the evidence supporting those findings.  The general SI process entails critically reviewing available 
information, forming possible stressor scenarios that might explain the impairment, analyzing those 
scenarios, and producing conclusions about which stressor or stressors are causing the impairment.  The 
SI process is iterative, usually beginning with a retrospective analysis of available data. 
 
The logic path used in Vermont (Figure 20) was extremely useful for depicting the way key indicators are 
connected.  The process led to a clearer understanding of important relationships behind the listing cause.  
It also enabled a focus on those implementation activities that could be most effective in solving 
documented problems.  In the case of Minnehaha Creek, it may be necessary to develop several such 
diagrams that would apply to different stream reaches.  An example is the concern over low flows, where 
the operation of Grays Bay Dam can help create a more stable hydrologic regime and have a beneficial 
effect on water quality. 
 
Developing a logic path similar to Figure 20 could be of additional benefit by describing relationships 
between flow and water quality parameters associated with other uses.  An example might be bacteria and 
contact recreation.  A natural background load under very low flow conditions, for instance, might lead to 
violation of Minnesota’s water quality criteria for E. coli.  The same background load with moderately 
higher flows, on the other hand, could create conditions where there was sufficient dilution to meet the 
criteria.  Existing data can be examined to identify areas where this might occur in Minnehaha Creek, and 
where the increased flow volume would also benefit aquatic life uses. 
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6. CONNECTION TO IMPLEMENTATION 
 
The effect of urbanization on stream hydrology has been studied for years.  Urbanization tends to result in 
more impermeable area.  Higher amounts of impervious cover, in turn, increase the volume of surface 
runoff to local streams.  Flow duration curves can be used to illustrate this effect. Leopold (1994) 
described a small watershed in the Washington, DC area, Watts Branch, which experienced a tremendous 
growth in housing and accompanying infrastructure (from 140 houses in 1950 to 2,060 in 1984).  Figure 
21 depicts the change in the flow duration curve for this watershed.  For instance, at a flow duration 
interval of 0.27 percent, roughly equal to the 1-year (or 1/365) return period, there was more than a 60 
percent increase in flow. 
 
The relationship between the biological impairments and storm water volume provide a connection to 
post-development BMPs in a SWMP.  Specifically, these BMPs are typically designed to address control 
of excess runoff.  The linkage analysis described in Figure 20 provides a framework that can be used to 
define performance targets that connect to water quality concerns.  The linkage analysis also highlights 
potential indicators that could be used to evaluate progress under an adaptive management approach.   

 
 

 
 
 
Figure 21. Change in flow duration curve of small urbanized stream. 
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6.1 Approaches towards Storm Water BMP Targeting 
 
A significant implementation challenge for the District is similar to one facing many other municipalities:  
how to assess the benefits of a variety of water quantity and quality control strategies consistent with 
TMDL and MS4 program requirements.  Major investments are needed to evaluate, design, and 
implement either BMPs and / or low-impact development (LID) strategies that will achieve water quality 
goals.  Efforts have been underway in several parts of the country to develop a decision-support system 
for placement of BMPs at strategic locations in urban watersheds.  The focus is to build tools that will 
help develop, evaluate, select, and place BMP options at various watershed scales based on cost and 
effectiveness. 
 
An example is the BMP/LID Decision Support System (BMP-DSS) originally developed for Prince 
George’s County, Maryland.  BMP-DSS is an innovative decision-making tool for evaluating placement 
and selection of BMP/LID techniques at strategic locations in urban watersheds.  It utilizes geographic 
information system (GIS) technology, integrates BMP process simulation models, and applies system 
optimization techniques for BMP placement and selection.  Key questions that can be addressed by the 
system are:  
 

 What is the benefit of management various management practices?  
 What is the difference between management options/scenarios including one or more practices?  
 What is the cost?   

 
BMP-DSS provides continuous simulation of hydrographs, pollutant loads, and concentrations so that the 
effectiveness of LID approaches can be simulated within large-scale watersheds models (e.g., HSPF and 
SWMM).  Process-based algorithms include weir and orifice control, storm swale characteristics, 
hydraulic transport, infiltration and saturation, underdrain outflow, evapotranspiration, general pollutant 
removal, and stormwater filtration through a soil media. 
 
BMP-DSS offers the user the flexibility to design stormwater structural practices such as bioretention 
cells, rain barrels, roof gardens, vegetated swales, infiltration chambers, wetlands and off-line regional 
stormwater retention and detention ponds.   It also includes the simulation of site design characteristics 
such as storm drains, building density, road and sidewalk dimensions, disconnection of impervious 
surfaces, and compares BMP controls against some defined benchmark such as a simulated pre-
development condition. 
 
One area where BMP-DSS is being applied is in Vermont, where management strategies are being 
evaluated to meet hydrologic targets identified in the TMDL.  The system is being used to identify and 
size the appropriate BMPs to meet sub-watershed targets that cumulatively meet the watershed target.  
The second phase of the project will involve developing the BMP-DSS as a customized tool to meet the 
permit and design requirements of the state.  The tool is also being applied in the Charles River, 
Massachusetts watershed.  The focus of that effort is to generate long-term performance information for 
BMP strategies being considered in terms of pollutant removal, storm water flow volume reduction, and 
equivalent impervious cover reduction according to design and capacity. 
 
Another pilot was recently completed in the Los Angeles area, providing a glimpse into the most relevant 
and economical BMPs for typical land uses there.  In addition to BMP placement optimization, various 
methods were employed to evaluate pollutant load reductions, including load estimates for a typical year 
as well as specific design storms.  The combination of model and optimization results provides 
information to guide discussions among stakeholders and regulators regarding how to identify appropriate 
BMP implementation strategies, as well as to evaluate and report benefits in terms of pollutant removal. 
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6.2 Potential Applicability to Minnehaha Creek 
 
A major focus of the “Minnehaha Creek Watershed District Comprehensive Water Resources 
Management Plan” is the implementation of opportunities to reduce storm water volumes and nutrient 
loading.  Storm water management will also address water quality impairments associated with proposed 
listings for bacteria and chloride.  Priority projects are intended to decrease peak discharge rates to reduce 
stream bank erosion and to increase base flow to improve the biotic integrity of Minnehaha Creek.  
Activities identified in the Plan include, but are not limited to, construction of infiltration basins and 
devices, wetland restoration, reforestation, revegetation, and storm water detention or redirection. 
 
The Plan assumes an in-creek total phosphorus concentration of 80 μg/L.  The HHPLS estimated that 
achieving this goal would require a 15 percent reduction in phosphorus loading to the creek from the 
entire Minnehaha Creek Watershed (below Grays Bay Dam; excluding the Chain of Lakes and Lake 
Nokomis lakesheds).  The District identified a number of Capital Improvement Projects (CIPs) within the 
Plan to achieve this goal.  The District has also required local communities to cumulatively address half 
the estimated load reduction through local BMPs and CIPs.  For example, a proposed rule requiring new 
development and redevelopment to infiltrate one inch of rainfall would capture approximately 70 percent 
of new runoff volume. 
 
The “MCWD Stream Assessment Report” analyzed options for reducing peak discharges to Minnehaha 
Creek.  Eleven key subwatersheds were identified where reduction of peak discharge would collectively 
result in the greatest reduction in peak discharge to the creek.  As TMDL development proceeds, these 
key subwatersheds should be incorporated into the tiered location inventory.  This will connect 
information about areas where known improvements are needed with TMDL source assessment and 
linkage analysis efforts.  A stronger connection will also enable TMDL technical evaluations to help 
optimize design and implementation of storm water BMPs.  Work conducted by the District also provides 
a good foundation to examine to potential applicability of BMP strategy development tools being used in 
other parts of the country. 
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7. RECOMMENDATIONS 
 
The discussion that follows is a detailed set of recommendations to complete TMDLs for Minnehaha 
Creek and Lake Hiawatha.  The discussion of these recommendations is organized into sections 
corresponding to the primary components of TMDL development.  The recommendations are intended to 
address key points in MPCA TMDL development protocols and to meet EPA submittal requirements.  
The key points and sections include: 
 

• Targets 
• Characterization 
• Source assessment 
• Linkage analysis 
• TMDL components 
• Implementation planning 

 
 
7.1 Targets 
 
Pollutants of concern for Minnehaha Creek and Lake Hiawatha include total phosphorus, chlorides, and 
fecal coliform and development of TMDLs will therefore require targets for each of these. Minnehaha 
Creek is also listed due to its impaired biotic community. As discussed previously, both surrogate 
measures and target values will be needed to develop a TMDL to address this impairment. 
 
The variable nature of water quality often raises questions regarding data interpretation relative to targets.  
Information presented in the water quality data section highlights variability as a concern in Minnehaha 
Creek based on MCWD monitoring information.  Factors contributing to variability in Minnehaha Creek 
include releases from Grays Bay Dam and storm water runoff following rain events.  Year-to-year 
fluctuations based on meteorological conditions and seasonal changes are other factors that contribute to 
variability in Minnehaha Creek. 
 
The MPCA protocols for turbidity recognize the variability issue.  The turbidity guidance indicates a 
general technical preference for including measures of frequency, magnitude, and duration in targets.  
EPA’s technical document “Options for the Expression of Daily Loads in TMDLs” offers some potential 
methods to address variability. 
 
Recommendation: 
 

 Examine the variability of Minnehaha Creek data and assess the need to include measures that 
reflect variability for those parameters that currently have single value targets (e.g. average total 
phosphorus).  Note:  This recommendation is closely connected with subsequent 
recommendations discussed in the linkage analysis section. 
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Developing TMDLs to address waters listed for biological impairments represents a challenge, 
particularly where storm water sources are involved.  Several examples exist where stressor identification 
or a similar process was used to examine potential causes in conjunction with TMDLs developed where 
storm water was a major concern.  In each case, key indicators were identified to guide development of 
TMDL targets using surrogate measures.  In one situation, impervious cover targets were developed based 
on stressor identification results.  The other situation led to the use of excess storm water volume targets. 
 
Recommendation: 
 

 Utilize a cursory stressor identification process in conjunction with existing physical, chemical, 
and biological information to propose potential indicators and surrogate measures that could be 
used to address aquatic life impairments in the Minnehaha Creek TMDL.  Notes: Low flows have 
been suggested as a possible cause.  Though not currently listed for turbidity, sediment has also 
been suggested as a parameter of concern. 

 
 
7.2 Characterization 
 
MCWD has invested a significant amount of time and financial resources over the past decade to 
assemble good watershed characterization information.  These efforts, described earlier in this document, 
led to development of the 2007 “Minnehaha Creek Watershed District Comprehensive Water Resources 
Management Plan”.  Individual subwatershed plans, including one for Lower Minnehaha Creek, make up 
the heart of the overall approach employed.  Two projects in particular, which supported Plan 
development, provide detailed watershed characterization information that will greatly assist TMDL 
preparation efforts. 
 
The MCWD “Hydrologic, Hydraulic, and Pollutant Loading Study” (HHPLS) subdivided the Minnehaha 
Creek Watershed into 184 subwatershed units.  Another project, the “MCWD Stream Assessment 
Report”, partitioned Minnehaha Creek into 30 reaches, which served to organize a wealth of inventory 
information.  These subwatershed units and stream reaches provide a solid foundation which will be of 
great value in supporting analytical aspects of TMDL development. 
 
Grouping subwatershed units together that are tributary to specific stream reaches will enhance both the 
source assessment and linkage analysis.  Such clustering can help connect potential upland cause 
information to documented effects in the “MCWD Stream Assessment Report” on a reach-by-reach basis.  
Creating an additional tier by grouping stream reaches associated with MCWD monitoring sites will 
allow improved use of data collected by the District.  The ability to summarize information at different 
spatial scales will strengthen the overall TMDL development process, as well as enable more effective 
targeting of implementation efforts. 
 
Recommendations: 
 

 Use the existing subwatershed unit and stream reach framework as a starting point to build a 
tiered approach that captures characterization information needed to support source assessment 
and linkage analysis efforts. 

 
 The tiered approach should cluster information in a way that enables the physical diversity and 

complex flow regime of Minnehaha Creek to be adequately addressed during TMDL 
development. 
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Routine monitoring of water quality and water quantity is a key part of the MCWD Hydrologic Data 
Program.  Information from this program is compiled by the District into annual Report Cards.  The water 
quality monitoring program has undergone major improvements over the years.  Most recently, the 
District increased its effort to collect additional information on chloride.  The period of concern 
associated with chloride (e.g., winter and early spring) often falls outside the time frame that has been 
traditionally monitored (e.g., late spring, summer,  and early fall).  As a result, the District has expanded 
its monitoring program to fill this gap. 
 
A large amount of information exists, which can now be compiled in a way to more closely examine 
longitudinal, seasonal, and year-to-year patterns.  Improved pattern analysis can help focus additional 
watershed characterization activities, prioritize source assessment needs, and strengthen the TMDL 
linkage analysis. 
 
Recommendation: 
 

 Develop longitudinal, seasonal, and year-to-year profiles for all parameters that will support 
efforts to assess important patterns, identify critical conditions, and evaluate potential cause – 
effect relationships. 

 
 
7.3 Source Assessment 
 
The dominant sources of pollutants to Minnehaha Creek are associated with storm water.  The high 
percentage of impervious surface in this urbanized watershed has resulted in a network of drainage 
systems.  Storm water is efficiently conveyed to Minnehaha Creek through numerous storm water 
outfalls.  The increased storm water volumes also deliver nutrients, sediment, bacteria, and other 
pollutants to the Creek. 
 
The HHPLS subwatershed units provide a good inventory of storm water source areas within the 
Minnehaha Creek watershed.  The subwatershed unit boundaries were strategically developed to coincide 
with the storm water drainage network.  Factors such as storage potential (e.g., lakes and wetlands) and 
outfall locations (e.g., those greater than 30 inches) were major considerations during the delineation 
process.  Data on land use / cover, impervious surface area, soil types, and infiltration potential are part of 
the subwatershed inventory.  This information will help support the TMDL source analysis. 
 
Another important part of the TMDL source evaluation will be an examination of outfall locations to 
Minnehaha Creek.  This information has been compiled as part of the “MCWD Stream Assessment 
Report”.  Connecting the results of these two projects will lay a solid foundation for the TMDL source 
assessment. 
 
Recommendations: 
 

 Review source related data associated with HHPLS subwatershed units and revise / add 
information that will support TMDL source assessment activities. 

 
 Ensure a system is in place that connects HHPLS subwatershed units to appropriate “MCWD 

Stream Assessment Report” reaches so that pollutant source-related information can be 
associated with receiving water locations in Minnehaha Creek. 
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Hydrology is a primary driver that exerts a major effect on water quality in Minnehaha Creek.  Pollutant 
loads to the Creek are largely associated with releases from Lake Minnetonka, storm water runoff 
following rain events, or a combination of the both.  For this reason, the Minnehaha Creek TMDL will 
need to investigate the flow dependency of source loads (MPCA TMDL Protocols).  Several options 
exist, which vary in their degree of technical rigor. 
 
Existing flow data collected for Minnehaha Creek has been summarized earlier in this document (Table 2) 
and screening level analysis has been described that uses a USGS hydrograph separation technique with 
Minnehaha Creek flow and water quality information.  The method examines in-stream water quality 
patterns associated with the strength of storm flow based on duration curve intervals. 
 
Recommendation: 
 

 Complete screening level analysis of in-stream loads for key water quality parameters (e.g., total 
suspended solids, total phosphorus, bacteria) using hydrograph separation in order to guide 
decisions regarding additional technical rigor needed to support the TMDL source assessment. 

 
One of the major products of the HHPLS is the flow model (XP-SWMM), which was developed and 
calibrated for the entire watershed.  The HHPLS recommended transforming the model into an everyday 
operation tool.  The need for rainfall-runoff estimates to support the TMDL source assessments will need 
to take advantage of the HHPLS work.  The same need exists for the linkage analysis, development of 
allocations, and TMDL implementation planning.  While HHPLS ran XP-SWMM for the entire 
Minnehaha / Minnetonka watershed, a greater need for the TMDL is at the subwatershed (or grouped 
subwatershed) level. 
 
Examining source load patterns using hydrograph separation combined with flow and water quality data 
provides an informative screening level analysis.  The overall source assessment can be strengthened by 
incorporating source loads derived from rainfall – runoff estimates.  Extending lessons from the HHPLS 
XP-SWMM work is a logical step in filling that need. 
 
Recommendation: 
 

 Explore options for using the HHPLS XP-SWMM work to derive rainfall-runoff estimates at the 
clustered subwatershed unit level, which connects the source assessment process to ambient 
water quality data collected by the District. 
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Limited source assessment work regarding water quality pollutant loads has been conducted.  For this 
reason, the HHPLS used a modeling approach (PLOAD) that relied on published pollutant export 
coefficients, land use, land cover, and calibrated annual hydrology to estimate loads reaching creeks.  
Comparison with monitored data was calibrated against annual modeled loads.  The “Simple Method” 
was used to estimate pollutant loads in PLOAD.  Event mean concentrations (EMCs) were applied.  The 
EMCs were based on a literature review, knowledge of local water quality monitoring data, and 
professional assessment.  Most of this work focused on total phosphorus and total suspended solids. 
 
The District has collected an additional five years of water quality monitoring data for Minnehaha Creek.  
This information can be combined with flow data and hydrograph separation to estimate loads at different 
points.  Using rainfall-runoff estimates from a modified XP-SWMM should allow for refined source load 
estimates, which can be compared to the ambient water quality monitoring data.  In addition, listings for 
bacteria and chloride need to be addressed in the source assessment process. 
 
Recommendations: 
 

 Develop a framework that builds on the HHPLS project, which allows for improved pollutant 
source load estimates that can be compared to MCWD ambient water quality monitoring data. 

 
 Explore options to develop source load estimates for newly listed parameters, notably bacteria 

and chloride, which can be connected to ambient water quality monitoring data. 
 
 
Storm water source inputs to Minnehaha Creek are ultimately a function of rainfall and snowmelt.  An 
examination of precipitation patterns is a key part of the source assessment.  An analysis of rainfall 
intensity and timing is also needed to evaluate BMP performance relative to water quality goals for 
Minnehaha Creek.  This is an important aspect of the allocation and implementation phase of this TMDL. 
 
For regulatory purposes, the District has defined critical event rainfall depths of 2.4” in 24 hours for a 
one-year event, 4.1” in 24 hours for a 10-year event, and 5.9” in 24 hours for a 100-year event.  These 
critical events are used to calculate stormwater quantity and quality impacts of new development and 
redevelopment.  While design storms provide a valuable long-term planning tool, the distribution of 
rainfall event depth is also an important factor.  The effects of different rainfall patterns on runoff and 
storm water source loads (and subsequent BMP performance) should be accounted for. 
 
Source loads associated with many small storms can be equally important in terms of their effect on 
Minnehaha Creek.  For instance, there may be a “critical” precipitation depth where measurable storm 
water loads begin to occur, depending on subwatershed characteristics.  The TMDL source assessment 
will need to examine issues such as the range of loads associated with a 0.5” storm, a 0.75” storm and a 
1” storm, as well as loads associated with the design storms. 
 
Recommendation: 
 

 Conduct a precipitation event assessment using MSP data in conjunction with a rainfall – runoff 
analysis tool to quantify the potential frequency and range of source loads associated with storm 
water.  Note:  This recommendation is closely connected with subsequent recommendations 
discussed in the linkage analysis section. 
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The effect of releases from Lake Minnetonka on source loads to Minnehaha Creek is pronounced, as 
would be expected.  While storm water sources are of major importance, loads that result from Grays Bay 
Dam releases must also be considered.  From a source assessment perspective, the effect of this load is of 
particular interest relative to overall phosphorus inputs to Lake Hiawatha. 
 
Ambient water quality monitoring data collected by the District between 2000 and 2007 indicate that 
median phosphorus concentrations from Grays Bay Dam are approximately 25 μg/L.  This is well below 
the target identified in the “Minnehaha Creek Watershed District Comprehensive Water Resources 
Management Plan”.  However, the 90th percentile is 57 μg/L.  Seasonal variation and hydrology should 
be examined, given the fact that greater loads are associated with higher flow conditions. 
 
Recommendation: 
 

 Evaluate seasonal and flow related patterns associated with releases from Grays Bay Dam, 
particularly as it relates to phosphorus loads to Lake Hiawatha. 

 
 
7.4 Linkage Analysis 
 
The basic objective of linkage analysis is to understand the cause-and-effect relationships governing 
water quality, such that management alternatives can be explored that will bring water quality back into 
compliance with WQS.  Major considerations have been discussed that relate to targets, characterization, 
and source assessment.  The potential use of available data discussed throughout this document provides a 
starting point for the Minnehaha Creek TMDL linkage analysis.  Several activities are needed in order to 
utilize this information to strengthen the linkage analysis. 
 
Multiple factors affect water quality and aquatic life uses in Minnehaha Creek.  Lake Hiawatha is 
currently on the §303(d) list because of excess nutrient loads from the creek.  Fecal coliform bacteria and 
chloride are other pollutants identified for Minnehaha Creek on Minnesota’s draft 2008 §303(d) list.  The 
impaired biotic community listing is likely the result of several causes.  Potential reasons involve not only 
pollutants delivered to the stream, but also flow (both excess and the lack of). 
 
For instance, flow in the creek is controlled by numerous structures including major weirs.  Channel bank 
stability is stressed by “flashy” storm discharges.  Limitations on discharges from Lake Minnetonka, 
reduced infiltration and base flow, multiple impoundments, and channel overwidening lead to extended 
periods when flow and depths in the creek are insufficient for recreation and severely stress aquatic life.  
A fish survey on Minnehaha Creek found that there is a lack of suitable habitat for riverine species, as 
well as a lack of refuge during low flow periods and for overwintering. 
 
The TMDL linkage analysis provides an opportunity to examine cause-and-effect relationships where 
multiple concerns exist.  Innovative approaches have been used for TMDL development based on 
“weight of the evidence” or stressor identification methods. 
 
Recommendation: 
 

 Explore use of stressor identification and surrogate measures to connect key pieces in the TMDL 
linkage analysis.  Because of the complex physical composition and diverse habitats in 
Minnehaha Creek, several types of linkage analyses may need to be applied at different points 
that describe the logic used to identify relationships between indicators and targets. 
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A number of studies have been conducted and reports prepared that provide a wealth of water quality-
related information for Minnehaha Creek.  The TMDL linkage analysis must take advantage of past and 
on-going work.  Opportunities presented by these efforts include identifying meaningful assessment 
points, suggesting methods to address ungaged areas, providing an existing subwatershed analytical 
framework, highlighting potential critical conditions, and emphasizing the need to examine different 
Grays Bay dam release / precipitation event scenarios. 
 
Recommendations: 
 

 Identify locations where duration curves are to be developed.  Eleven assessment points to 
consider based on the “MCWD Stream Assessment Report” reaches, water quality monitoring 
sites, the USACE nodes, and significant changes in the regime of Minnehaha Creek include: 

o Grays Bay Dam 
o I-494 or Big Willow Park 
o West 34th Street 
o Excelsior Boulevard 
o Browndale Dam 
o Logan Avenue 
o Lyndale Avenue 
o Chicago Avenue 
o Golf Course Bridge 
o Lake Hiawatha Weir 
o Hiawatha Avenue 

 
 Explore approaches for developing duration curves on ungaged streams and considers methods 

to “intersect” mainstem duration curves with storm water runoff curves. 
 

 Build on XPSWMM subwatershed framework in a way that highlights subwatersheds immediately 
adjacent to Minnehaha Creek and identifies those clusters that function as tributaries. 

 
 Develop logic paths at key points that describe the appropriate water quality / flow relationships 

and ensure all listed parameters are addressed in the linkage analysis, most notably phosphorus, 
bacteria, and chloride. 

 
 Recommend critical conditions for targets, examining relationships causing differences in 

observed longitudinal, seasonal, and year-to-year patterns (magnitude, frequency, & duration). 
 

 Evaluate different scenarios based on existing data that look at different Grays Bay releases 
versus daily precipitation levels of interest.  Note:  Stakeholder input will be extremely important.  
A matrix like Table 7 could be used to stimulate discussion on important scenarios to evaluate. 

 
Table 7. Example matrix for prioritizing analytical scenarios. 

Daily Rainfall Amount Grays Bay Release 0.50” 1.00” 1.50” 2.00” 2.4” 4.1” 5.9” 
0 cfs        

50 cfs        
100 cfs        
150 cfs        
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7.5 TMDL Components 
 
TMDL development must take full advantage of the positive public involvement efforts by the District.  
An effective approach to achieve this is to initiate several example TMDL scenarios.  This provides a 
mechanism that enables stakeholders to gain an understanding of components needed for an approvable 
TMDL and to discuss implications. 
 
Recommendation: 
 

 Develop example TMDL scenario(s) to foster input and engage stakeholders prior to detailed 
technical analyses.  These examples describe possibilities of how pieces fit in order to encourage 
meaningful feedback.  Note: The example scenarios could use one or more assessment points and 
set of conditions (per Table 7). 

 
Storm water permits in Minnesota require permittees to comply with TMDL requirements.  For this 
reason, it is important that the TMDLs are clear about storm water requirements. 
 
Recommendation: 
 

 Ensure that MPCA storm water TMDL policy is considered and appropriate language 
incorporated into TMDL components. 

 
 
7.6 Implementation Planning 
 
The “Minnehaha Creek Watershed District Comprehensive Water Resources Management Plan” 
highlights key subwatersheds where reduction of peak discharge will address identified problems.  The 
Plan provides a focal point for bridging TMDL development with implementation. 
 
Recommendations: 
 

 Connect information about areas where known improvements are needed with TMDL source 
assessment and linkage analysis efforts. 

 
 Explore use of tools, such as BMP-DSS, in a way that enable TMDL technical evaluations to help 

optimize design and implementation of storm water BMPs. 
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