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Exe c u tive S u m m a ry
Minnehaha Creek appears on Minnesota’s 2010 §303(d) list of impaired waters for E. coli,
chloride, and dissolved oxygen, as well as due to its impaired fish community. Lake Hiawatha is
impaired due to excess nutrients. The Clean Water Act and U.S. Environmental Protection
Agency (USEPA) regulations require that states develop Total Maximum Daily Loads (TMDLs)
for waters on the §303(d) list. Developing TMDLs requires a combination of technical analysis,
practical understanding of important watershed processes, and interpretation of watershed
loadings and receiving water responses to those loadings. An essential component of TMDL
development is establishing a relationship between numeric indicators intended to measure
attainment of beneficial uses and source loads. The linkage analysis examines connections
between water quality targets, available data, and potential sources.
The purpose of this document is to present the linkage analysis for the Minnehaha Creek / Lake
Hiawatha TMDL. The focus of the linkage analysis is to evaluate the relationship between water
quality data and potential source areas, interpret watershed loadings and receiving water
responses to those loadings, and describe logic used to develop TMDL targets and allocations.
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1. Ove rvie w
Minnehaha Creek appears on Minnesota’s 2010 §303(d) list of impaired waters for E. coli,
chloride, and dissolved oxygen, as well as due to its impaired fish community. Lake Hiawatha is
impaired due to excess nutrients. The Clean Water Act and U.S. Environmental Protection
Agency (USEPA) regulations require that states develop Total Maximum Daily Loads (TMDLs)
for waters on the §303(d) list. A TMDL is defined as “the sum of the individual wasteload
allocations for point sources and load allocations for nonpoint sources and natural background”
such that the capacity of the waterbody to assimilate pollutant loadings without violating water
quality standards is not exceeded. A TMDL is also required to consider seasonal variations and
must include a margin of safety to address uncertainty.
Developing TMDLs requires a combination of technical analysis, practical understanding of
important watershed processes, and interpretation of watershed loadings and receiving water
responses to those loadings. An essential component of TMDL development is establishing a
relationship between numeric indicators intended to measure attainment of beneficial uses and
source loads. The linkage analysis examines connections between water quality targets, available
data, and potential sources.
The purpose of this document is to present the linkage analysis for the Minnehaha Creek / Lake
Hiawatha TMDL. The focus of the linkage analysis is to:
•
•
•

evaluate the relationship between water quality data and potential source areas;
interpret watershed loadings and receiving water responses to those loadings; and
describe logic used to develop TMDL targets and allocations.

The chloride listing for Minnehaha Creek is being addressed as part of the “Twin Cities
Metropolitan Area Chloride Project Phase 2”. The dissolved oxygen and impaired fish
community listings are directly related to the flow management of Minnehaha Creek. For these
reasons, the focus of this linkage analysis is on nutrients and bacteria.

2. Ta rg e ts
2.1

Applicable Water Quality Criteria

Water quality standards (WQS) are the fundamental benchmarks by which the quality of surface
waters is measured. Within the State of Minnesota, WQS are developed pursuant to the
Minnesota Statutes (MS) Chapter 115, Sections 03 and 44. Authority to adopt rules, regulations,
and standards as are necessary and feasible to protect the environment and health of the citizens
of the State is vested with the Minnesota Pollution Control Agency (MPCA).
Through adoption of WQS into Minnesota’s administrative rules (principally Chapters 7050 and
7052), MPCA has identified designated uses to be protected in each of its drainage basins and the
criteria necessary to protect these uses. Both Lake Hiawatha and Minnehaha Creek are classified
2B, which are protected for aquatic life and recreation. The following sections describe the
applicable portions of Minnesota’s WQS, which relate to TMDL development that will address
§303(d) impairments for both waters.
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2.1.1 Minnehaha Creek
Assessment of water quality monitoring data has determined that recreational uses are not being
attained in Minnehaha Creek. This is based on exceedances of numeric criteria for E. Coli. The
determination was based in part on the use of Minnehaha Creek Watershed District (MCWD)
bacteria monitoring data by applying MPCA’s ratio of 200 to 126 to convert fecal coliform to E.
coli. The applicable criteria for E. coli is described in amendments to Minnesota’s Rule 7050
(Table 2-1), which serve as targets for the Minnehaha Creek TMDL. Waste load and load
allocations in the TMDL will be developed to achieve these values.
Table 2-1. Applicable criteria for Minnehaha Creek impairments.
P a ra m e te r
E. Coli

1

Un its

Wa te r Qu a lity S ta n d a rd
1,260 in <10% of samples

#/100 mL
Geometric mean < 126

1
2
3

2

3

E. coli standards apply only between April 1 and October 31
Standard shall not be exceeded by more than 10% of the samples taken within any calendar month
Geometric mean based on minimum of 5 samples taken within any calendar month

2.1.2 Lake Hiawatha
Targets for Lake Hiawatha are based on amendments to Minnesota’s Rule 7050, which identify
eutrophication standards for lakes (Table 2-2). To be listed as impaired, the monitoring data must
show that the standards for total phosphorus (TP) (the causal factor), as well as one of the
response variables, either chlorophyll-a or Secchi depth, are violated. Minnesota’s Rule
7050.0222, Subpart 2a describes how the criteria are applied: “Eutrophication standards are
compared to data averaged over the summer season (June through September)”.
Because chlorophyll-a and Secchi depth are both response parameters, the TMDL for Lake
Hiawatha is focused on TP; the causal parameter. However, to attain Minnesota’s water quality
standards, all three parameters (total phosphorus, chlorophyll-a and Secchi depth) must meet
MPCA’s numeric criteria for eutrophication in the North Central Hardwood Forest Ecoregion.
Table 2-2. Eutrophication standards -- North Central Hardwood Forest Ecoregion.
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Parameter

Units

Eutrophication Standard

Total Phosphorus

µg/L

TP < 40 µg/L

Chlorophyll-a

µg/L

Chl < 14 µg/L

Secchi Depth

meters

SD > 1.4 m
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In developing targets for Lake Hiawatha, it is also important to consider water quality goals
identified in the MCWD “Water Resources Management Plan” (WRMP). Specifically, this Plan
established a water quality goal of 50 µg/L for total phosphorus (WRMP Table 30). Minnesota’s
Rule 7050.0222, Subpart 2a contains provisions for site-specific modifications to the
eutrophication standards in order to account for characteristics unique to lakes and reservoirs that
can affect trophic status. Unique characteristics include variations in hydraulic residence time.
Because Lake Hiawatha is in-line to Minnehaha Creek, the residence time is relatively short (the
12-year average is 4.4 days). For this reason, this linkage analysis uses a “dual track” approach
and examines both phosphorus targets.

2.2

Spatial Distribution of Pollutants

Minnesota’s §303(d) list identifies Minnehaha Creek as impaired for bacteria, while Lake
Hiawatha is listed as impaired for nutrients. The MCWD has an extensive hydrologic data
program through which it collects and analyzes water quality information for Minnehaha Creek (
Figure 2-1). Similarly, the Minneapolis Parks & Recreation Board (MPRB) monitors water
quality in Lake Hiawatha. Information from both programs can be used to provide a better
description of the impairments relative to key locations and timing of the problems.
The monitoring data shows that water quality varies across the watershed due to its complex
hydrology and diverse land use, both spatially and temporally. For this reason, key points along
Minnehaha Creek are used to describe the spatial distribution of pollutant loads. Focus areas
have been identified based on locations where either beneficial uses are most sensitive or where
water quality criteria exceedances are most pronounced under critical conditions. These represent
those points where TMDL reduction targets are calculated.
The longitudinal profile for bacteria along Minnehaha Creek (Figure 2-2) shows where the
exceedance of these parameters is greatest. In the case of bacteria (E. coli), the focus area is the
reach of Minnehaha Creek just above Lake Hiawatha (Chicago Avenue). Monitoring data shows
that water quality criteria exceedances are most pronounced at this location.
With respect to nutrients, Lake Hiawatha is the logical focal point used to identify reduction
needs. The response to phosphorus loads in the watershed is most evident in Lake Hiawatha.
The increase in chlorophyll-a concentrations and reduced Secchi depths is a reflection of the
adverse effect that excess phosphorus has on recreational uses in the drainage (Figure 2-3 and
Figure 2-4). Exceedances of both these response parameters appear to occur between 40 μg/L
and 50 μg/L total phosphorus, slightly above Minnesota’s eutrophication standard for TP and just
below the MCWD total phosphorus goal for Lake Hiawatha.
Clearly, the dominant inputs of phosphorus to Lake Hiawatha are transported through Minnehaha
Creek. A longitudinal profile of total phosphorus in Minnehaha Creek provides a better picture
from a watershed perspective (Figure 2-5). Both the 40 μg/L and 50 μg/L targets for TP are
included in this graph as a frame of reference. Median phosphorus concentrations exceed the 40
μg/L target in Minnehaha Creek starting at McGinty Road. The most pronounced increases in TP
occur between McGinty Road and Excelsior Boulevard.
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Figure 2-1. Minnehaha Creek subwatersheds and monitoring sites.
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Figure 2-2. Longitudinal profile for E. coli along Minnehaha Creek.

Figure 2-3. Lake Hiawatha chlorophyll-a versus total phosphorus.
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Figure 2-4. Lake Hiawatha Secchi depth versus total phosphorus.

Figure 2-5. Longitudinal profile for total phosphorus along Minnehaha Creek.
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Critical Conditions

An important part of the linkage analysis is an assessment of critical conditions. Depending on
the beneficial use or parameter, critical conditions may be a function of seasonal variation (e.g.,
the effect of flow conditions) or interannual variation (e.g., the influence of drought years).

2.3.1 Seasonal Variation
Seasonal variation often plays a major role in defining critical conditions. For example, 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 2-6
illustrates the seasonal variation in flow for the gage located on Minnehaha Creek, which is
operated by MPRB in cooperation with the Metropolitan Council (referred to as the flow index
site). It is interesting to note the 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
indicated 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.
Continuing the focus on the impaired parameters, seasonal patterns for bacteria are examined.
Critical periods are seasons and flow conditions when E. coli concentrations are greatest. Based
on MCWD monitoring data, the monthly geometric mean (or chronic criteria) is exceeded
between June and October (Figure 2-7).

2.3.2 Interannual Variation
In the case of Lake Hiawatha and nutrients, it is useful to examine patterns during those years
when the response parameters exceed criteria, e.g., chlorophyll-a levels are highest and Secchi
depth measurements are lowest (Figure 2-8 to Figure 2-9). These years also correspond with low
flows in Minnehaha Creek associated with restricted or no release of water from Grays Bay Dam
(Figure 2-10). Minnesota’s “Lake Nutrient TMDL Protocols and Submittal Requirements”
indicates that it is instructive to assess a range of conditions including the summer (122 day) onein-ten year low flow (MPCA, 2007). This value (the 122-Q 10 ) is 37 cfs at the MPRB / Met
Council gage, also shown in Figure 2-10. Interannual patterns for total phosphorus are shown in
Figure 2-11, for comparison to the variation in flow conditions.
With respect to interannual variation, a point of interest is to assess the relationship between total
phosphorus and the response parameters (chlorophyll a, Secchi depth) absent the influence of
extreme low flow years (i.e., those years with average flows below the 122-Q 10 ). Figure 2-12
and Figure 2-13 present this information showing chlorophyll-a and Secchi depth versus total
phosphorus without data from 2007 and 2009 (the low flow years).
The average chlorophyll-a concentration was 14.8 μg/L, just above Minnesota’s eutrophication
standard of 14 μg/L. The average Secchi depth eutrophication standard was attained during these
same years in which the average total phosphorus concentration was 65.4 μg/L. This suggests a
basis for considering a site-specific criterion for total phosphorus in Lake Hiawatha, which is
greater than the current 40 μg/L eutrophication standard. A logical target is the MCWD “Water
Resources Management Plan” 50 µg/L water quality goal established for Lake Hiawatha. This
value has been through a public review process and approved by the MCWD Board.
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Figure 2-6. Seasonal variation in flow for Minnehaha Creek.

Figure 2-7. Seasonal variation in bacteria for Minnehaha Creek.
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Figure 2-8. Lake Hiawatha interannual chlorophyll-a patterns (2001 – 2011).

Figure 2-9. Lake Hiawatha interannual Secchi depth patterns (2001 – 2011).
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Figure 2-10. Minnehaha Creek interannual flow patterns (2001 – 2011).

Figure 2-11. Lake Hiawatha interannual total phosphorus patterns (2001 – 2011).
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Figure 2-12. Lake Hiawatha chlorophyll-a versus total phosphorus (absent 2007 and 09).

Figure 2-13. Lake Hiawatha Secchi depth versus total phosphorus (absent 2007 and 09).
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General Reduction Needs

The analysis of both MCWD and MPRB monitoring data provides the information used to
determine needed pollutant reductions (Table 2-3). These reductions are based on the identified
focal points and critical conditions.
Table 2-3. General reduction needs.

Parameter
E. coli (#/100mL)

Total Phosphorus (µg/L)

Notes:

1
2
3

2001-2011
Average
301

1

Target

General Reduction
Needs

126

58%

40

2

44%

50

3

29%

70.9

Average value reflects April-Oct. geometric mean, consistent with water quality standards.
Minnesota Rule 7050.
MCWD “Water Resources Management Plan” Lake Hiawatha water quality goal.

The reduction needs for Lake Hiawatha are based on in-lake measurements. However, the major
source of nutrients to the lake is Minnehaha Creek. For that reason, the Lake Hiawatha TMDL
for total phosphorus must also include load reduction targets for Minnehaha Creek. An important
part of identifying load reduction needs is information of flow at key points in the creek,
particularly at the inlet to Lake Hiawatha. The following section describes the process used to
develop these flow estimates.
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3. Flow
The analysis of critical conditions highlights the importance of flow relative to water quality in
Minnehaha Creek and Lake Hiawatha. Hydrology plays a major role in evaluating water quality.
Streamflow is an important factor in determining the ability of a waterbody to assimilate
pollutants. Flow information is needed to identify a loading capacity for total phosphorus at the
inlet of Lake Hiawatha. In addition, a duration curve framework is used to identify TMDL
loading capacities for bacteria. The duration curve approach allows for characterizing water
quality under different flow regimes. Using the duration curve framework, the frequency and
magnitude of water quality standard exceedances, allowable loadings, and size of load reductions
are easily presented and can be better understood (USEPA, 2007).
The purpose of this section is to describe the approach used to estimate flows at key points along
Minnehaha Creek. The values summarized in Table 2-3 provide an overall context for general
pollutant reductions needed in the Minnehaha Creek watershed. However, a goal of the TMDL
process is to develop a technical framework that can guide implementation efforts. This is best
accomplished through an enhanced description of problems and concerns. Connecting water
quality data to flow information enables a closer look at source areas and delivery mechanisms
relative to conditions of greatest concern.
Assessment of flow information must recognize the complexity of Minnehaha Creek’s physical
and hydrologic regime. For instance, the reach from Grays Bay Dam to McGinty Road is
surrounded by wetlands. Below McGinty Road, the stream is characterized by a mix of relatively
straight channels combined with several sections surrounded by wetlands. After Excelsior
Boulevard, the creek enters Meadowbrook Lake followed by a short straight channel, then into
the section impounded by Browndale Dam. 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.
Releases from Lake Minnetonka have a major effect on the underlying flow characteristics of
Minnehaha Creek (e.g., the base flow). Storm water runoff and the lack of infiltration from
impervious surfaces have also influenced the physical habitat and water quality of the creek. For
this reason, a method is needed to estimate the general proportion of water originating from Lake
Minnetonka relative to water that is the result of rainfall or snowmelt. By examining both
components (base and storm), daily average flows can be estimated at each water quality
monitoring site. This information is then used to develop flow duration curves and calculate
pollutant loads at key points in Minnehaha Creek.

3.1

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 often involve very time-consuming and resource
intensive efforts.
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The use of basic hydrology and duration curves provides 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. Figure 3-1 illustrates the concept of hydrograph separation
applied to Minnehaha Creek using the sliding interval method. Information from hydrograph
separation can be used to develop a flow duration curve with either the base flow or surface
runoff components.
A duration curve is simply a cumulative frequency distribution. It provides a framework that
enables the analysis of patterns under different flow conditions. In the case of Minnehaha Creek,
patterns of particular interest include the degree of influence that releases from Lake Minnetonka
may exert on water quality. Similar to the use of duration curves to describe flow conditions
(e.g., high, moist, mid, dry, low), zones can be defined that reflect the potential influence of Lake
Minnetonka.
Base flows determined through hydrograph separation with Minnehaha Creek data are used to
develop a flow duration curve, shown in Figure 3-2. The curve has been divided into five zones
(A, B, C, D, E) consistent with the same intervals used to assess water quality data (USEPA,
2007). These zones are also depicted in Figure 3-1, along with precipitation data. In addition,
dates when MCWD sampling occurred are noted on this graph.

3.2

Base Flow Conditions and Conductivity

A challenge in the overall analysis is estimating flows at water quality sampling points along the
stream. One option is modeling that, as mentioned earlier, can be both time consuming and
resource intensive. Another approach is to utilize the water quality monitoring data itself to
develop these estimates. For example, conductivity can be a particularly useful parameter when
examining flow information.
Conductivity is a measure of the ability of water to pass an electrical current. In water, it is
affected by the presence of inorganic dissolved solids such as chloride and sulfate anions (ions
with a negative charge) or sodium, magnesium, and calcium cations (ions with a positive charge).
Inorganic dissolved solids are typically conservative in nature. As a result, changes in
conductivity along a stream tend to be influenced by the quantity and quality of tributary flows.
Figure 3-3 depicts a conductivity longitudinal profile for Minnehaha Creek. This graph was
developed using all data to illustrate general spatial variability. The potential magnitude of
tributary inflow volumes can be examined on a reach-by-reach basis using conductivity patterns.
A starting point evaluates base flow conditions. This focus reduces variability associated with
pollutant loads from storm events. Using a mass balance type approach, conductivity
measurements are converted to “load equivalents” (e.g., a conductivity value of one µhmos/cm is
treated as one mg/L for purposes of the load calculation). The resultant load units are expressed
as C-tons per day. Figure 3-4 shows the relationship between conductivity load and flow for the
Chicago Avenue site under base flow conditions. The base flow condition zone is labeled at the
bottom to provide a frame of reference.
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Figure 3-1. Hydrograph separation using Minnehaha Creek flow data.

Figure 3-2. Base flow duration curve -- Minnehaha Creek (April – October).
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Figure 3-3. Longitudinal profile for conductivity along Minnehaha Creek.

Figure 3-4. Relationship between conductivity load and flow (CMH-05).
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Figure 3-5 shows the longitudinal conductivity load profile when the base flow is greater than
185 cfs. The overall intent of this analysis is to determine at what point base flows in Minnehaha
Creek may be influenced by factors other than releases from Grays Bay Dam. For that reason,
conductivity measurements used in the evaluation are limited to those taken when the base flow
to total flow ratio is at least 90 percent. This minimizes the effect of storm-related inflows (which
will be examined separately). Also, only samples taken between May and October are used in
this particular analysis. This minimizes the residual effect of winter de-icing activities.
Figure 3-5 indicates that conductivity loads remain fairly constant, confirming the dominant
effect of Lake Minnetonka at high base flow conditions. Figure 3-6 through Figure 3-9 depict the
conductivity loading analysis for other base flow conditions. Several points are worth noting.
First, there is a slight increase in the Zone C median load between Gray Bay Dam and McGinty
Road (though the 25th and 75th percentiles remain relatively constant). That increase becomes
more pronounced in Zone D. This suggests a potential effect that the wetlands may exert on
Minnehaha Creek water quality as flows drop towards the 10 to 20 cfs range. In addition, there is
a slight drop in the Zone D conductivity load from Excelsior Boulevard to Browndale Dam.
Finally, the greatest variability is observed in Zone E. This is not surprising as it represents the
lowest ten percent of base flow values. Under these conditions, Minnehaha Creek is essentially a
sequence of pools and ponded water. Local factors at each monitoring site exert a greater
influence on water quality than releases from Grays Bay Dam.

Figure 3-5. Minnehaha Creek conductivity load longitudinal profile (base flow condition A).
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Figure 3-6. Minnehaha Creek conductivity load longitudinal profile (base flow condition B).

Figure 3-7. Minnehaha Creek conductivity load longitudinal profile (base flow condition C).
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Figure 3-8. Minnehaha Creek conductivity load longitudinal profile (base flow condition D).

Figure 3-9. Minnehaha Creek conductivity load longitudinal profile (base flow condition E).
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Storm Water

An important part of the hydrologic analysis is to develop estimates of storm water inputs to
Minnehaha Creek, both amounts (e.g., volume) and location. These estimates are needed so that
MCWD water quality monitoring data can be used to assess pollutant loads in Minnehaha Creek.
As discussed earlier, stream discharge consists of two major components: base flow and surface
runoff. In Minnehaha Creek, the base flow component generally represents Grays Bay Dam
releases from Lake Minnetonka (except under very low flow conditions). For this reason, base
flow estimates apply consistently throughout the length of the creek, as water flows from Lake
Minnetonka to the Hiawatha Avenue gage. This assumption ensures continuity in developing a
water balance.
The surface runoff component at each monitoring site is a function of land use, particularly
impervious cover (IC). Flow volume (Qv), as a function of IC, can be calculated using the
following equation, adapted from “Urban Runoff Quality Management” (ASCE / WEF, 1998):
Qv = C * P * (A/12)
where:
C = runoff coefficient
= 0.858*i3 – 0.78*i2 + 0.774*i + 0.04
i = watershed imperviousness ratio (percentage divided by 100)
P = amount of precipitation occurring in a 24-hour period (inches)
A = drainage area (acres)
This relationship can be used to estimate storm water volumes at each site. Again, the Minnehaha
Creek Hiawatha Avenue surface runoff component can be apportioned across the watershed
through an area weighting process. Weighting is determined by the area of each subwatershed
group and the runoff coefficient (C) of each group to account for the effect of impervious
surfaces. This coefficient is based on subwatershed land use information and IC assumptions for
each developed land use category.
Table 3-1. Minnehaha Creek storm water runoff volume estimate factors.
Cumulative
Subwatershed
Group

A

Name

Surface Runoff
Contributing Area
(acres)

Cumulative
Storm
Water
Volume
Factor
(%)

1,017

7%

0.255

7%

B

th

West 34

2,063

14%

0.271

15%

C

Excelsior

2,949

25%

0.451

25%

D

Browndale

3,753

30%

0.276

31%

E

Browndale to Chain of Lakes

5,919

53%

0.383

53%

F

Chain of Lakes to Lake Hiawatha

8,436

80%

0.394

80%

G

Lake Hiawatha

9,614

92%

0.403

93%

H

Lake Hiawatha to Mouth

10,389

100%

0.361

100%
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4. La ke Hiawa th a
The purpose of this section is to evaluate the eutrophication response that results from phosphorus
loading to Lake Hiawatha (as measured through chlorophyll-a and Secchi depth). Lake Hiawatha
(Figure 4-1) was a shallow wetland named Rice Lake before the Minneapolis Park and
Recreation Board (MPRB) acquired it in 1923. Following this acquisition, the lake was renamed
to Lake Hiawatha. Subsequently, major changes occurred to the shape and depth of lake. In
1929, the Hiawatha Golf Course was constructed using over 1.25 million cubic yards of dredged
material from the lake. Lake Hiawatha is now part of the Lake Nokomis-Lake Hiawatha regional
park (MPRB 2009a). Key physical characteristics for the lake are summarized in Table 4-1.
Lake Hiawatha is in-line to Minnehaha Creek. As a result, flow and pollutant loads from the
creek strongly influence water quality conditions in the lake. The water level in Lake Hiawatha
fluctuates widely because of its direct connection to Minnehaha Creek. Thermal stratification in
the lake during the summer months is typically destabilized by flow from the creek, as well as
from runoff delivered directly through storm sewer connections (MPRB 2009a).
During normal flow periods, the lake’s connection to the creek results in a relatively short
residence time compared to most lakes in the Minneapolis area. These conditions tend to yield a
low level of algae compared to the amount of total phosphorus present in the system. Excessive
algae growth does occur in the lake during seasons with lower creek flow and longer residence
time. Increased sediment coming from Minnehaha Creek flow also affects the water clarity in
Lake Hiawatha. Sediment deltas have been observed in the lake (MPRB 2009a).
Table 4-1. Lake Hiawatha physical characteristics.
Characteristic

(acres)

53.0

Average depth

(feet)

16.4

Maximum depth

(feet)

28.0

(acres)

31.9

(%)

60%

(acre - feet)

869

(million – cubic feet)

37.9

Surface area

Littoral Area
Volume

4.1

Units

Data Summary

Lake levels for Lake Hiawatha are recorded weekly by MPRB. Historic water levels for Lake
Hiawatha are shown in Figure 4-2. Lake Hiawatha levels experience an abrupt increase (up to
four feet) due to the influence of Minnehaha Creek. The ordinary high water level (OHW) is
812.8 feet above mean sea level, as determined by Minnesota Department of Natural Resources
(MPRB, 2009b).
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Figure 4-1. Lake Hiawatha.
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Figure 4-2. Lake Hiawatha Water Level 1995-2011 (MPRB, 2011).

4.1.1 Water Quality
In-lake observed concentration data are available for total phosphorus, chlorophyll-a, and Secchi
depth for the years 1992 through 2011. These data were collected during the growing season,
which extends from June 1 to September 30. Typically, 4 to 9 samples are collected per year.
Figure 2-8, Figure 2-9, and Figure 2-11 displayed the trends in growing season mean (GSM) for
these parameters. Across normal flow years, water quality has remained stable due to short
residence times and the dominant effect of Minnehaha Creek. Drought conditions tend to cause
increased phosphorus and chlorophyll-a concentrations, as well as decreased Secchi depth. This
pattern is particularly apparent in years 2000, 2007, and 2009. The water quality trends are also
consistent with a milder drought that occurred in the summer of 2008.

4.1.2 Trophic Status
Carlson’s Trophic State Index (TSI) provides a measure of lake eutrophication based on total
phosphorus, chlorophyll-a, and Secchi disk depth. Indices can be calculated separately for each
parameter for subsequent comparison. Annual averages from the 1992 through 2011 lake
monitoring data were used to calculate annual TSI. The TSI scores for Secchi disk depth and
chlorophyll-a are eutrophic. The scores for total phosphorus are eutrophic tending toward
hypereutrophic. The years 2000, 2007, and 2009 yielded the highest TSI scores. As noted above,
these two years were drought years and Minnehaha Creek ran dry for portions of each summer
(MPRB, 2009b).
For most of the 20 years, the TSI score for chlorophyll-a in Lake Hiawatha was greater than the
score for Secchi disk depth. This is indicative of larger particulates dominating water quality in
the lake (Carlson, 1981). When the TSI scores for chlorophyll-a and Secchi disk depth are
similar and less than the score for total phosphorus, then “algae dominate light attenuation”. This
also indicates that an additional factor (e.g., nitrogen limitation) could limit algal biomass
(Carlson 1981). This has occurred at Lake Hiawatha, more frequently during the past decade.
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4.1.3 Biological Communities
The distribution of phytoplankton and zooplankton are sampled annually in Lake Hiawatha by
MPRB. During normal years, distribution of these communities is expected to change rapidly
due to the influence of Minnehaha Creek. The distribution of these organisms reflects trends in
lake hydrology and chemistry.
The most recent sampling events indicate the effects of drought on the phytoplankton distribution
in 2007 and 2009. The 2007 monitoring indicated that Cyanophyta, or blue-green algae, had a
much larger influence on phytoplankton communities than bacillariophyta (diatoms) throughout
the summer (MPRB, 2009a). Cyanophyta are associated with algal blooms and nuisance
conditions in lakes. In 2008, these organisms dominated the phytoplankton communities during
the second portion of the growing season, which is consistent with low flow conditions in
Minnehaha Creek during the late summer (MPRB, 2009b).
In recent years, the highest zooplankton concentrations found in Hiawatha corresponded to the
shallowest Secchi depths. In 2007, MPRB found that zooplankton abundance was higher relative
to the larger lakes sampled by the agency. Results also indicated that zooplankton population
within the lake had increased between 2006 and 2007. Zooplankton tend to prefer diatoms and
green algae as a food source. The greater abundance of algae in 2007 may explain the increase in
zooplankton. Zooplankton were less abundant in 2008 than in 2007 except during September and
October; consistent with the chlorophyll-a and Secchi depth trends observed between the two
years.
Based on a 2001 fish survey, the fish community in Lake Hiawatha is dominated by black
bullhead, followed by black crappie, bluegill, and yellow perch. Compared to lakes with similar
physical and chemical characteristics, black bullhead and yellow perch were relatively more
abundant than typical populations. Northern pike and pumpkinseed sunfish were also found in
the lake during the 2001 survey (Emmons and Olivier Resources, Inc., 2005).

4.2

Residence Time Analysis

The effect of flow volumes on residence time plays a major role in determining Lake Hiawatha’s
response to total phosphorus inputs from Minnehaha Creek. Flow monitoring data downstream
of the Lake Hiawatha outlet is used to develop an analysis of residence times. Both the USGS
and Met Council operate gaging stations that collect this information near Hiawatha Avenue. The
most recent bathymetry data indicates that the lake volume is 37.9 million cubic feet. Together,
this information can be used to summarize the average residence times for Lake Hiawatha (Table
4-2). Based on records from 2001 through 2011, the annual average June to September volume
that passed through this location was 1,053 million cubic feet (or 100 cfs). [Note: at this flow
rate, the average residence time for Lake Hiawatha is 4.4 days].
The average proportion of water volume that originates from Lake Minnetonka through Grays
Bay Dam releases is also of interest. Hydrograph separation was described as a method to
estimate the relative influence of releases from Lake Minnetonka on Minnehaha Creek. The
same technique can be used to develop estimates of the relative average volume of Lake
Minnetonka water in Lake Hiawatha in any given year (or over a 10-year period). The results of
this analysis are also shown in Table 4-2.
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Table 4-2. Lake Hiawatha inflow volume summary.
Approximate Source of Inflow **

Inflow
Volume
3
(million ft )

Residence
Time
(days)

2001

1,252

3.7

1,048

2002

2,567

1.8

2003

719

2004

Year

3

(million ft )
Baseflow

(%)

Stormflow

Baseflow

Stormflow

203

84%

16%

2,001

566

78%

22%

6.4

570

149

79%

21%

1,294

3.6

1,128

166

87%

13%

2005

1,033

4.5

855

177

83%

17%

2006

649

7.1

493

156

76%

24%

2007

341

13.5

225

116

66%

34%
20%

2008

512

9.0

408

104

80%

2009

98

47.4

47

50

49%

51%

2010

1,541

3.0

1,258

282

82%

18%

2011

1,575

2.9

1,343

232

85%

15%

11-yr
Avg

1,053

4.4

853

200

77%

23%

Note:
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5. Lo a d in g Ca p a c ity
Under the current regulatory framework for development of TMDLs, calculation of the loading
capacity for impaired segments identified on the §303(d) list is an important first step. EPA’s
current regulation defines loading capacity as “the greatest amount of loading that a water can
receive without violating water quality standards”. The loading capacity provides a reference,
which helps guide pollutant reduction efforts needed to bring a water into compliance with
standards.
The loading capacity for these TMDLs must consider Minnesota’s water quality standards. In the
case of bacteria, this is the monthly geometric mean of 126 organisms per 100 mL for E. coli.
These criteria apply between April 1 and October 31.
For total phosphorus, a “dual track” approach is used to define the loading capacity. As stated in
Section 2.1.2, Minnesota’s water quality criteria for TP in Lake Hiawatha is a concentration of 40
µg/L average between June and September. In addition, the ”Minnehaha Creek Watershed
District Comprehensive Water Resources Management Plan” (Wenck, 2007) established a 50
μg/L water quality goal for total phosphorus in Lake Hiawatha. This goal is being considered as
a potential site-specific eutrophication standard for the lake.
Typically, loads are expressed as mass per time, such as pounds per day or organisms per day.
The loading capacity of a stream is determined using:
♦ the water quality criterion or target value; and
♦ a design flow for the receiving water.
The following sections describe the process used to determine loading capacities for each
pollutant.

5.1

Bacteria

The loading capacity for bacteria must consider Minnesota’s water quality standard, specifically
the monthly geometric mean between April 1 and October 31 (126 organisms / 100 mL for E.
coli). The duration curve framework is used as the basis to identify the appropriate flow for these
bacteria TMDLs. Daily average flow estimates from April through October are used to derive the
duration curves.
Flows are estimated at key points along Minnehaha Creek from the continuous record at
Hiawatha Avenue as the index site (see Section 3). These estimates are derived by first
determining the base flow using hydrograph separation. Total flow is calculated by adding the
surface runoff component to the base flow. The surface runoff component at each monitoring site
is based on an area weighting process, which accounts for the effect of impervious surfaces.
Bacteria loading capacities are then calculated by multiplying these flows times the monthly
geometric mean criteria times the appropriate conversion factor. These are shown in Table 5-1.
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Table 5-1. E. coli -- Minnehaha Creek loading capacity.

Subwatershed
Group

5.2

Duration Curve Zone
(G-orgs per day)
Name or Location
High

Moist

Mid

Dry

Low

--

Grays Bay Dam

720

346

107

29.7

10.8

A

McGinty

723

350

110

31.6

10.8

B

th

West 34

731

361

115

32.8

11.0

C

Excelsior

751

371

120

34.3

11.4

D

Browndale

766

374

123

35.2

11.5

E

Browndale to Chain of Lakes

798

383

134

37.8

12.5

F

Chain of Lakes to Lake Hiawatha

837

401

144

39.5

13.4

H

Lake Hiawatha to Mouth

857

412

153

41.0

13.7

Lake Hiawatha

Development of a loading capacity for Lake Hiawatha poses several challenges. The loading
capacity for Lake Hiawatha is dependent on the flow conditions during the growing season of any
particular year. As noted earlier, Lake Hiawatha is in-line to Minnehaha Creek. Flow and
pollutant loads from the creek strongly influence water quality conditions in the lake.
The water level in Lake Hiawatha fluctuates widely because of its direct connection to
Minnehaha Creek. In addition to these day-to-day fluctuations, there is a high level of variability
in year-to-year seasonal inflow volumes to Lake Hiawatha, as described in Table 4-2. This
makes the task of developing specific load reductions very difficult.
From a technical perspective, the loading capacity is a function of the seasonal (June to
September) inflow. The 11-year seasonal average residence time of flow through Lake Hiawatha
is relatively short; 4.4 days (Table 4-2). As a result, it is reasonable to assume that the general
phosphorus reduction needs identified for Lake Hiawatha (Table 2-3) can be applied to the inlet
watershed load for Minnehaha Creek. These reductions range from 29% (using the 50 μg/L
target) up to 44% (using the 40 μg/L target). Figure 5-1 shows how the seasonal loading capacity
varies with seasonal flow using both the lower and upper reduction values (e.g., 29% and 44%).
As noted earlier, MCWD monitors water quality at key points in Minnehaha Creek at weekly
intervals. The closest site upstream to the inlet of Lake Hiawatha is the Golf Course footbridge
(CMH-24), which has been monitored since 2007. Prior to 2007, the closest site above Lake
Hiawatha was at Chicago Avenue (CMH-05). Data from these two locations can be used to
estimate the total phosphorus load from Minnehaha Creek into Lake Hiawatha that corresponds to
the same periods used to develop reduction targets. FLUX32 is a computer program designed to
estimate loads past a sampling station over a given period of time (Walker, 1999). MPCA has
used this program in formulating nutrient balances for other lake TMDLs in Minnesota.
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Figure 5-1. Lake Hiawatha loading capacity as a function of seasonal inflow.

Using FLUX32, the average growing season total phosphorus load from Minnehaha Creek to
Lake Hiawatha was 5,061 pounds based on 2001 to 2011 data. In addition to showing the
relationship between the loading capacity and seasonal average flow, Figure 5-1 also depicts
seasonal loads for individual years based on MCWD monitoring data from 2001 to 2011.
In summary, the loading capacity for Lake Hiawatha was determined by a comparison of in-lake
targets (both Minnesota eutrophication standards and MCWD water quality goals) to actual
monitoring data collected over the past 12 years. This analysis identified the percent reduction
from current levels needed to achieve the targets. This percent reduction is then applied to
Minnehaha Creek total phosphorus loads based on MCWD water quality monitoring data
collected over the same period of time. Total phosphorus loading capacities are summarized in
Table 5-2.
Table 5-2. Total phosphorus -- Minnehaha Creek loading capacity development.
Minnehaha Creek
Data
Record

2001 – 2011

DRAFT

Current Condition
Growing Season Average
(2001 – 2011)
Flow
(cfs)

Load
(pounds)

96

5,061

Growing Season Average Targets
Lake Hiawatha

Minnehaha Creek

Average
Conc.
(μg/L)

Reduction

Loading
Capacity
(pounds)

Average
Conc.
(μg/L)

40

44%

2,834

45

50

29%

3,593

57
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6. Wa te rs h e d Lo a d ing a n d Re s p o n s e
An important part of the linkage analysis is to develop estimates of pollutant contributions at key
points along Minnehaha Creek. A starting point is a loading assessment based on monitoring data
collected by MCWD. The following sections discuss this information for each pollutant.

6.1

Total Phosphorus

A longitudinal profile of average growing season phosphorus loads is shown in Figure 6-1 based
on FLUX32 estimates at each key location in Minnehaha Creek. The load at Grays Bay Dam
represents contributions from upstream inputs (i.e., drainage from Lake Minnetonka). The
current level is well below the load capacity at the head of Minnehaha Creek. In developing a
management strategy, the difference between the existing load and the loading capacity at Grays
Bay Dam is available for allocation to downstream sources. However, this “excess capacity” is
taken up by existing sources prior to flow in Minnehaha Creek reaching Excelsior Boulevard.
A close examination of incremental contributions along Minnehaha Creek provides information
that can guide implementation planning and help evaluate allocation options. Contributions of
interest include both total phosphorus loads and changes in water volume. Table 6-1 summarizes
this information.

Figure 6-1. Minnehaha Creek total phosphorus load longitudinal profile.
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Table 6-1. Seasonal average flow and total phosphorus along Minnehaha Creek.
2001 – 2011 Seasonal Average
(June – September)
Group

Load
(pounds)

Name

Volume
3
(million ft )

Total

Cumulative
Increase

Group
Change

Total

Cumulative
Increase

Group
Change

--

Grays Bay Dam

1,279

---

---

853

---

---

A

McGinty

2,187

907

907

866

13

13

B

West 34

th

3,016

1,737

830

881

28

15

C

Excelsior

4,048

2,769

1,032

902

49

21

D

Browndale

3,531

2,252

-517

913

61

12

4,353

3,074

822

958

106

45

5,061

3,782

708

1,012

159

54

---

---

---

---

---

---

4,765

3,485

-296

1,053

200

41

E
F

Browndale to Chain of
Lakes
Chain of Lakes to Lake
Hiawatha

G

Lake Hiawatha

H

Lake Hiawatha to Mouth

6.1.1 Water Quality and Potential Source Area Relationships
One purpose of the linkage analysis is to examine the relationship between water quality data and
potential source areas. Land use exerts a major influence on water quality in Minnehaha Creek.
Table 6-2 provides a summary of land use information by subwatershed group. Included is the
number of storm sewer outfalls and road crossings in each group. One way to view the
relationship between water quality data is through an analysis of unit area loads. Table 6-2
includes an estimate of the seasonal average change in total phosphorus load for each group,
expressed as pounds per acre. These values reflect the range of land use diversity in the
watershed, as well as the complex hydrology of Minnehaha Creek.
For example, the upper portion of Minnehaha Creek (Group A) flows through a major wetland
complex. Residential and commercial development is present in this portion of the drainage,
which likely contributes some phosphorus to the creek. However, the wetlands could be the most
significant source of phosphorus to the upper reaches of Minnehaha Creek. This would be the
result of low dissolved oxygen in connected wetland areas releasing phosphorus from bottom
sediments; similar to processes that contribute to internal loading of phosphorus in a lake. In
addition, historic agricultural land use in this same area could be responsible for higher levels of
phosphorus in the wetland sediments.
The subwatersheds that drain the area between West 34th Street and Excelsior Boulevard (Group
C) represent the highest total phosphorus source area to Minnehaha Creek based on MCWD
water quality monitoring data. This is evident in terms of the greatest absolute total phosphorus
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load increase (Figure 6-1 and Table 6-1), as well as on a unit area basis (Table 6-2). This
subwatershed group is dominated by residential, commercial, industrial, and institutional land.
Within Group C, the highest level of development is where Minnehaha Creek flows through the
general vicinity of Knollwood Mall, as well as the adjacent commercial / industrial areas between
Blake Road and Louisiana Avenue.
The water quality data describes the relative magnitude of total phosphorus loads that other
subwatersheds contribute to Minnehaha Creek, particularly Groups B, E, and F. Table 6-1 also
provides a June to September seasonal average estimate of water volume contributions to
Minnehaha Creek. This information reinforces the need to consider the role of storm water
sources in developing implementation strategies that reduce phosphorus loads. This includes
Groups D and G. Although the water quality data indicates a seasonal average decrease in total
phosphorus through these reaches, storm water sources are still present.
Table 6-2. Minnehaha Creek land use summary.
Land Use Summary (%)
Group
ID

RES

CIIM

PRU

WAT

OTH

Storm
Sewer
Outfalls

Size
(acres)

Road
Crossings

Seasonal
Average
Group
TP Change
(lb/acre)

A
B
C
D
E
F
G
H

3,493
5,107
1,993
1,418
2,166
2,516
1,178
775

46%
61%
50%
58%
79%
69%
73%
64%

12%
9%
30%
9%
8%
14%
7%
9%

31%
26%
12%
24%
12%
11%
15%
26%

2%
1%
1%
5%
1%
2%
5%
0%

8%
3%
7%
5%
0%
4%
0%
1%

0
21
29
7
32
53
1
33

0
12
10
3
9
17
0
7

0.260
0.162
0.518
-0.365
0.379
0.281

Total

18,646

61%

12%

21%

2%

4%

176

58

0.187

Land Use Codes

RES:
CIIM:
PRU:
WAT:
OTH:

-0.152

Residential
Commercial, Industrial, Institutional, & Mixed Use
Parks and Recreation, Undeveloped
Open Water
Other (Major Roads, Airports, Railways)

The phosphorus decrease in Group D and Groups G/H highlight one last point relative the water
quality data and potential source areas. These two subwatershed groups include Meadowbrook
Lake, the Browndale Dam Mill Pond, and Lake Hiawatha. The loss of total phosphorus shows
that these areas generally function as a “sink” on a typical June to September seasonal average
basis. This indicates that, relative to other sources in the Minnehaha Creek watershed, internal
loading of phosphorus in these lakes and impoundment is not a major concern; likely due to the
relatively short residence time. There may be periods when low flows and longer residence times
create situations where there may be some episodic internal loading. However, from a water
quality management perspective, the data points to higher priority source areas that should be
addressed in implementation planning efforts.
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6.1.2 Allocations
The focus of this section is to initiate a discussion regarding TMDL allocations. Key components
to consider include wasteload allocations (WLAs), load allocations (LAs), and a margin of safety
(MOS). In order to achieve the Lake Hiawatha total phosphorus target, the amount available is
the difference between the loading capacity at the Lake Hiawatha inlet and the current load at
Grays Bay Dam (Table 6-3).
Table 6-3. Total phosphorus -- Minnehaha Creek load available for allocation.

Upstream Load
(pounds growing season)

1,279

Total Phosphorus
(allocation pounds available per growing season)
In-lake target: 40 μg/L
(44 % reduction)

In-lake target: 50 μg/L
(29 % reduction)

1,555

2,314

NOTE: During the discussion of potential allocation approaches at the April 12th
meeting, it was requested that information be gathered from the MS4s regarding any
planned capital improvement projects for 2012 and beyond. The goal is to get a better
picture of efforts that are already underway and factor these into the needed reductions.
MCWD will compile this information, along with the District’s projects, and provide it to
the group.
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