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Vision Statement 

 

The Lake of the Hills watershed complex is a valuable natural resource that sustains a healthy and 
balanced ecosystem.  It is biologically diverse and supports a healthy quality of life for people, plants, 

and animals. 
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1. Executive Summary 
 
The Lake of the Hills complex was built in 1972 after construction of the Interstate 280 bypass of 
Davenport was completed. The complex consists of five lakes; Lake of the Hills, Blue Grass Lake, Railroad 
Lake, Lambach Lake, and Lake Canyada.  Four of the lakes (Lake of the Hills, Blue Grass Lake, Railroad 
Lake, Lambach Lake) lie within the boundaries of West Lake Park, a 620-acre park owned and operated 
by the Scott County Conservation Department.  Lake Canyada is privately owned and operated.  Sale of 
Lake Canyada and its surrounding property occurred early in 2015, and the area is expected to undergo 
conversion from a mobile home development to single-family housing within the next couple of years. 
 
Lake of the Hills is designated for ‘primary contact recreation’ (Class A1), ‘aquatic life support – lakes and 
wetlands’ (Class B(LW)), and ‘human health’ (Class HH) due to human consumption of fish; classes are 
defined by the Iowa Administrative Code .  The lake is listed on the 2014 Iowa 303d list of impaired 
waters due to aesthetically objectionable conditions as a result of elevated algal growth/chlorophyll and 
turbidity.  Using the median values from approximately 44 samples from the Iowa DNR ambient lake 
monitoring surveys from 2000-2015 (Downing et al., 2015), Carlson’s (1977) trophic state indices (TSI) 
for Secchi depth, chlorophyll a, and total phosphorus were 65, 66, and 66, respectively, for Lake of the 
Hills.  There is a rising trend for all three TSI parameters for this time period (See Figure 5, page 19).  
According to Carlson (1977), the Secchi depth, chlorophyll a, and total phosphorus TSI values all place 
Lake of the Hills in between the eutrophic and the hypereutrophic categories. These values suggest high 
levels of chlorophyll a and suspended algae in the water, moderately poor water transparency, and 
moderately high levels of phosphorus in the water column. 
 
Current sediment delivery is estimated to be 3,097.6 tons per year. Phosphorous loading from all 
sources is estimated to be 4,758 pounds per year. A Total Maximum Daily Load (TMDL) has been 
written, and is in the process of being reviewed by the Iowa Department of Natural Resources and the 
Environmental Protection Agency (EPA). The TMDL allows for a total phosphorous load of 1,030 
lbs/year. To attain this load, the TMDL requires an overall phosphorous reduction of 78% from all 
sources. To achieve this target and set measurable goals, RUSLE/GIS/Pollutant Calculator model outputs 
have been modified based on TMDL results.  
 
This plan is intended to build the foundation for continued improvement efforts within the Lake of the 
Hills watershed, and be a catalyst for additional watershed improvement projects within Scott County. 

2. Community Engagement 
 
Public involvement is an important part of the watershed planning process since it is the land owners, 
tenants, and citizens who directly manage and live in the watershed that determine the water quality in 
Lake of the Hills.  A planning process has been completed that ensured that critical local stakeholders 
were involved in the decision-making process that has resulted in goals, objectives, and strategies for 
improving water quality in Lake of the Hills. 
 
Lake of the Hills is a relatively small watershed, but it has a nearby urban population that supports high 
recreational usage of the lakes complex. The Lake of the Hills complex is located 0.25 miles west of 
Davenport, Iowa, west of and adjacent to Interstate 280. Public use for Lake of the Hills/West Lake Park 
is estimated at approximately 200,000 visitors per year.  A popular destination for residents in the Quad 
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Cities metro area, users of the lakes and surrounding recreation area enjoy fishing, boating, year-round 
camping, picnicking, shelter rentals, swimming, and access to a robust trail system.  Additionally, West 
Lake Park hosts annually the Quad Cities Triathlon, a USA Triathlon sanctioned event, with approximately 

600-700 participants. 
 
A RASCAL assessment was conducted by local residents and the Scott County Conservation Board. Prior 
to beginning the RASCAL, all landowners and farm operators within a 200 ft. boundary of the watershed 
were sent a letter notifying them of the RASCAL process and the future lake restoration project. More 
than 120 letters were sent. Furthermore, the Scott County NRCS District Conservationist spoke directly 
with over 100 landowners about the challenges facing Lake of the Hills complex and how they could 
participate in the conservation of the five lakes. The District Conservationist also inventoried existing 
practices to determine whether or not they are still having their intended conservation effect. This 
qualitative assessment indicates that many conservation practices are 20+ years old – terraces and 
basins – and in need of rehabilitation1.  
 
Since 1975, a mobile home community known as Lake Canyada has been located just South of West 
Lake – one of the five lakes in the complex that flows directly into the Lake of the Hills. Ownership 
changed hands over the years and in March 2012 it went into foreclosure. It was acquired by an 
investment company headquartered in Texas, doing business as Lake Canyada LLC. This company is in 
the process of closing the trailer park with plans to develop the area into single family homes. The 
company has expressed an interest in working with the Conservation Board to address any watershed 
issues associated with the lake and/or future development.   Since 1976, Scott County Conservation 
Board has provided the waste water treatment for Lake Canyada under an Iowa Department of Natural 
Resources National Pollutant Discharge Elimination System (NPDES) permit. When the county began the 
re-permitting process, the mobile home park owner was notified that it would be disconnected from the 
county’s sewer system. This decision was made based on the degradation of the trailer parks’ sewer 
system and the fact that it utilized almost 90% of the combined sewer systems capacity. This 
disconnection will require Lake Canyada, LLC to build their own waste water treatment system in the 
future.   

3. Watershed Characteristics 
 
The Lake of the Hills watershed is located near an urban area2, but the watershed is largely agricultural. 
The Lake of the Hills Complex was constructed in 1972 and consists of five lakes - Lake of the Hills, Blue 
Grass, Railroad, Lambach, and Lake Canyada. Lake Canyada is privately owned, and the other four lakes 
lie within the boundaries of West Lake Park (Figure 1. Lake of the Hills Watershed). West Lake Park is 
620 acres within the 1,628.5 acre watershed. The main basin of the complex, Lake of the Hills, is 
approximately 54.6 acres, with 2.4 miles of shoreline.  It has an average depth of 9 feet with a maximum 
depth of 22.8 feet. The other three lakes serve as sediment retention ponds, but also offer recreational 
fishing. In addition to fishing, the lakes complex is a popular destination for residents in the Quad Cities 
metro area who enjoy boating, camping, picnicking, swimming, and access to a robust trail system. 
 

                                                 
1 Forty-three locations were identified for rebuilding and rehabilitating terraces and basins. 
2 .25 miles from the City of Davenport 



Lake of the Hills Watershed Management Plan Page 7 

Lake of the Hills is fed by Black Hawk Creek.  A dam is located at the eastern end of the lake and the lake 
outlet feeds back into Black Hawk Creek.  The watershed to lake area ratio is 30 which indicates watershed 
conditions have a potentially large impact on in-lake water quality.  
 

 
    Figure 1. Lake of the Hills Watershed 
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3.1 Physical Characteristics 
 

 The Lake of the Hills Watershed is 1,683 acres. The Lake itself has a surface area of 54.6 acres, resulting 
in a watershed to lake ratio of approximately 30. The storage capacity of the lake is approximately 538 
acre-feet of water and there are 2.4 miles of 
shoreline. Figure 2, Lake of the Hills lake 
depth and contours map shows the 
submerged equivalent of an above-water 
topographic map. It shows the lake’s 
submerged terrain and location of maximum 
depth, which is approximately 22.8 ft., with 
an average depth of approximately 9.8ft.  
  
Table 2, Lake of the Hills Summary, lists the 
general characteristics of Lake of the Hills and 
its watershed.  Physical characteristics are 
based on (1) results of the statewide survey 
of Iowa lakes conducted from 2006 through 
2010 by Iowa State University (ISU), (2) 
results of the statewide ambient lake 
monitoring program conducted from 2006 
through 2008 by University Hygienic 
Laboratory (UHL), (3) information from the 
IDNR Fisheries Bureau, (4) results of the 
IDNR-county voluntary beach monitoring 
program in 2008, 2009, and 2010, and (5) 
results of U.S. EPA/IDNR fish contaminant 
monitoring in 2009 and 2010. 
 

3.2 Hydrology 
 
Lake of the Hills lies within the Copperas-Duck (HUC-8), Mississippi River-Black Hawk Creek (HUC-10) and 
Mississippi River-Kickapoo Slu (HUC-12) watersheds.  Black Hawk Creek is the main contributing source 
and empties into the northwest end of Lake of the Hills.  See Table 2 below for additional information 
regarding Lake of the Hills and its features.   
 
     Table 2. Lake of the Hills Summary 

DNR Waterbody ID ID Code: IA 01-NEM-00160-L_0 

12-Digit Hydrologic Unit Code (HUC) 0708010106 

12-Digit HUC Name Kickapoo Slu – Mississippi River 

Location Scott County, S25, T78N, R2E 

Latitude 41.40° N (ambient lake monitoring location) 

Longitude 91.40° W (ambient lake monitoring location) 

Designated Uses 
A1 – Primary contact recreation 
B(WW-1) – Aquatic life  
HH – Human health (fish consumption) 

 
Figure 2. Lake of the Hills lake depth and contours 

 

Table Continued on the next page 
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Tributaries Black Hawk Creek, unnamed tributary 

Receiving Waterbody Black Hawk Creek 

Lake Surface Area 154.4 acres (excludes upstream lakes) 

Length of Shoreline 112,360 feet 

Shoreline Development Index 2.25 

Maximum Depth 122.8 feet 

Mean Depth 19.8 feet 

Lake Volume 1538 acre-feet 

Watershed Area 1,683 acres (includes lake)3 

Watershed:Lake Ratio 30:1 

Lake Residence Time 297 days 
1Per 2015 bathymetric survey and subsequent calculations 
2BATHTUB model prediction for average annual conditions (2008-2012) 

  

3.3 Soils4 
 
Lake of the Hills watershed is dominated by the Downs soil series association which comprises a 
majority of the watershed (see Figure 3, Soils Map).  Gara, Tama, and Atterberry soils are also prominent 
in the watershed (see Table 3, Watershed Soils). 
 

 
              Figure 3. Soils Map 

                                                 
3 According to 2015/2016 TMDL by the Iowa DNR, 1,564 acres excluding lakes 
4  Information taken from SSURGO coverage developed by the National Cooperative Soil Survey from the USDA-NRCS 

Table 2. Lake of the Hills Summary continued… 
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The Downs series accounts for 56.8% of the watershed. It consists of very deep, well drained soils 
formed in loess. These soils are on interfluves and side slopes on uplands and on treads and risers on 
stream terraces. Slope ranges from 0 to 35 percent. 
 
The Gara series accounts for 11.9% of the watershed. It consists of very deep, well drained soils formed 
in till. These soils are on interfluves, side slopes, and nose slopes on dissected uplands. Slope ranges 
from 5 to 40 percent.  
 
The Tama soil series accounts for 9.3% of the watershed area and consist of very deep, well drained soils 
formed in loess. These soils are on interfluves and side slopes on uplands and on treads and risers on 
stream terraces in river valleys. Slope ranges from 0 to 20 percent. 
 
The Atterberry soil series accounts for 6.4% of the watershed. It consists of very deep, somewhat poorly 
drained soils formed in loess on uplands. Slope ranges from 0 to 6 percent.  
 
Table 3. Watershed Soils 

 
 

 

 

                                                 
5 Using a total watershed area of 1,564 acres, which is the size of the watershed excluding water bodies 

Dominant 
Soils 

Approx. # 
of Acres 

Approximate 
Percent of 
Total Area5 

Description of 
Surface Soil 

Level 
Runoff 

potential 
Drainage 

Class 
Hydro-
group 

Farmland 
Class 

Erodible 
Class 

Downs  888 56.8% 
Well-drained 

silt loam; 
eroded 

Medium Well drained C 
Farmland of 
statewide 

importance 
Erodible 

Gara 186 11.9% 

Well-drained 
loam; 

moderately to 
severely 
eroded 

High Well drained C 

Farmland of 
statewide 

importance/Not 
Prime 

Farmland 

Erodible 

Tama 145.5 9.3% 
Well-drained 

silty clay loam; 
eroded 

Low/Medium Well drained B 
Farmland of 
statewide 

importance 
Erodible 

Atterberry 100 6.4% 
Somewhat 

poorly-drained 
silt loam 

Low/Medium 
Somewhat 

poorly 
drained 

C/D Prime farmland Erodible 

Muscatine 70 4.5% 
Somewhat 

poorly-drained 
silty clay loam 

Low 
Somewhat 

poorly 
drained 

C/D Prime farmland 
Erosion 

Resistant 

Timula 37.5 2.4% 

Well-drained 
silt loam; 
severely 
eroded 

Low Well-drained B 
Farmland of 
statewide 

importance 
Erodible 

Other 136 8.7% ------ ------ ------ ------ ------ ------ 



Lake of the Hills Watershed Management Plan Page 11 

3.4 Climate 
 
According to the Midwest Regional Climate Center the average annual maximum temperature for Scott 
County is 59.4 degrees Fahrenheit, and average minimum temperature is 40 degrees Fahrenheit.    
Average annual precipitation is 34.12 inches, with 8.3 days of rainfall greater than 1 inch and 22.6 days 
of rainfall greater than ½ inch. Table 4 shows the annual rainfall for the weather station at Lock and Dam 
14 in Le Claire, Illinois (in close proximity to West Lake Park) over the past 20 years. 
 
Table 4.  Le Claire L&D 14 Rainfall Data; 1993 to 2013 

 
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANN 

1993 1.89 0.7 3.4 2.6 2.52 9.2 2.74 6.84 4.38 0.4 0.85 1.44 36.96 

1994 0.81 2.16 0.62 1.81 2.02 5.75 2.88 3.37 1.58 1.05 6.12 1.62 29.79 

1995 1.65 0.01 1.63 5.5 6.13 1.43 4.81 4.17 1.13 1.81 3.16 0.14 31.57 

1996 2.48 0.77 1.01 2.67 9.68 2.19 1.36 4.28 1.99 2.93 1.01 1.24 31.61 

1997 1.03 3.67 1.12 0.84 2.55 2.3 1 3.85 2.27 1.28 1.07 2.04 23.02 

1998 1.68 3.13 4.21 5.43 3.22 7.35 1.74 4.94 3.87 7.05 2.12 1.27 46.01 

1999 1.86 1.11 1.09 6.8 2.89 4.7 3.62 2.37 3.89 0.89 0.56 2.14 31.92 

2000 0.49 2.38 1.3 4.69 4.28 8.58 3.45 2.2 5.89 1.02 1.91 1.97 38.16 

2001 1.85 4.07 1.78 3.37 7.16 3.58 3.23 3.84 3.95 4.41 1.62 0.93 39.79 

2002 0.72 1.47 1.91 4.94 5.28 5.31 6.57 4.52 0.89 3.57 0.28 0.58 36.04 

2003 0.36 0.23 1.22 2.09 5.33 3.33 5.32 0.51 4.11 1.52 2.32 2.82 29.16 

2004 0.63 0.9 4.05 1.53 7.9 3.3 1.76 4.78 1.12 3.85 2.88 0.91 33.61 

2005 2.34 1.18 1.21 1.29 2.84 1.13 1.26 2.09 1.47 0.38 2.11 0.75 18.05 

2006 2.54 0.59 5.51 4.37 3.7 2.38 3.28 5.47 1.56 2.48 2.23 2.69 36.8 

2007 0.77 1.8 4.61 3.62 1.76 5.6 9.98 5.89 0.86 2.35 0.89 3.58 41.71 

2008 1.2 3.22 0.94 4.73 5.22 8.48 5.18 1.69 9.31 2.3 1.17 4.98 48.42 

2009 0.68 1.2 5.53 5.39 3.94 5.76 6.65 10.77 1.56 6.43 1.71 2.34 51.96 

2010 1.92 0.81 2.22 2.78 5.96 8.01 6.59 5.57 4.28 2.19 1.82 2 44.15 

2011 0.91 1.36 1.3 5.25 5.2 3.78 3.64 3.12 2.81 0.89 4.49 2.61 35.36 

2012 0.76 1.9 1.6 6.08 3.32 3.43 0.52 4.67 2.01 2.92 1.16 3.17 31.54 

2013 2.75 1.34 1.8 6.76 8.63 4.47 2.01 1.06 1.65 2.06 0.75 M 33.28 

MEAN 1.23 1.25 2.28 3.45 3.95 4.39 3.96 3.99 3.05 2.62 2.08 1.89 34.12 

# IEM Climodat http://mesonet.agron.iastate.edu/climodat/ 

 

3.5 Historic Land Use 
 
Settlement first began in what became Scott County in 1833. In 1836 the first survey of public land in 
Iowa was called for, and by March of 1837 the Scott County area had been completely surveyed. The 
Government Land Office (GLO) conducted the original public land survey of Iowa during the period 1832 
to 1859.  Deputy Surveyors and their assistants produced both field notes and township maps that 
briefly described the land and its natural resources (vegetation, water, soil, landform etc.) at the time of 
the survey.  The historic maps and survey notes are one of few data sources about vegetation 
distribution before much of Iowa changed to a landscape of intensive agriculture.  They indicate that at 
the time, over 99% of the land area was in prairie, with intermittent oak-timber and marsh land. 
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3.6 Current Land Use 
 
In 2012, a field level land use survey was conducted for the Lake of the Hills watershed in order to 
obtain land use and conservation practice data at the field level.  The key data collected as part of the 
survey included current land use, tillage practice, crop residue, and conservation practices.  The survey 
was performed primarily via visual reconnaissance, although local NRCS and other agency personnel 
were consulted to obtain information on parts of the watershed where access was challenging.  While 
there is a certain level of subjectivity to this type of survey, especially when determining crop rotations 
and residue levels, this approach was the only way to collect this amount of detail at the time. See 
Figure 4, 2012 Land Use Map and Table 5, 2012 Land Use.   
 

 
 

Figure 4. 2012 Land Use Map 

Table 5. 2012 Land Use 

Land Use Area (acres) Percent (%) 

Row Crop (Corn and Soybeans) 670.7 41.2 
1Developed 333.5 20.5 

Timber 330.6 20.3 
2Grassland 139.2 8.5 

3Water 64.0 3.9 

Pasture/Alfalfa 91.0 5.6 
3Total area = 1629 100.0 

1Includes urban areas, roads, and farmsteads 
2Includes grassed waterways and conservation reserve programs 
3Includes waterbodies in the watershed, but excludes 54.6 acres of Lake of the Hills 
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4. Water Quality 
 
Iowa’s Water Quality Standards classify all surface waters in Iowa as being protected for general uses.  
Waters can also be protected for other designated uses, including drinking water, recreation uses like 
swimming, and supporting fish and other aquatic life.  Designated uses are protected by specific water 
quality criteria and the state’s anti-degradation policy, as described in the Iowa Water Quality 
Standards. While all five lakes are recognized by the Iowa DNR, Blue Grass, Lambach, Railroad, and Lake 
Canyada lakes are not monitored for the purpose of a 305(b) report. Therefore, this section focuses on 
Lake of the Hills. 
 

4.1 Designated Use and Impairment 
 
According to the Iowa Surface Water Classification, Lake of the Hills is designated for A1 – primary 
contact recreation, B(LW) –aquatic life, and HH – human health uses as described below. Lake of the 
Hills was listed on the 2008 303(d) impaired waters listing for elevated indicator bacteria levels, in 2010 
for algal growth/chlorophyll a, and in 2014 for turbidity.  In 2012, monitoring data indicated that Lake of 
the Hills was meeting Iowa’s EPA approved WQS for indicator bacteria and it was removed from the 
303(d) impaired list for indicator bacteria. The lake remains listed for algal growth/chlorophyll a (Karen 
A. Flourney, Water, Wetlands and Pesticides Division, United States Environmental Protection Agency 
Region 7 2012 Decision Document). 
 

A1 (Primary Contact Recreation) 
Waters in which recreational or other uses may result in prolonged and direct contact with the 
water, involving considerable risk of ingesting water in quantities sufficient to pose a health 
hazard.  Such activities would include, but not be limited to, swimming, diving, water skiing, and 
water contact recreational canoeing. 

 
B(LW) (Aquatic Life) 
Artificial and natural impoundments with hydraulic retention times and other physical and 
chemical characteristics suitable to maintain a balanced community normally associated with 
lake-like conditions. 

 

HH (Human Health) 
Waters in which fish are routinely harvested for human consumption or waters both designated 
as a drinking water supply and in which fish are routinely harvested for human consumption. 

 

Fisheries Assessment 

The Iowa DNR completed a fisheries analyses using data from a fish survey completed in 2013. This 
provides a valid snapshot of the status of the fishery. The four major fish species found in the Lake of the 
Hills Complex are Bluegill, Largemouth Bass, Channel Catfish, and White Crappie.  Other fish present 
include White Amur (grass carp), Gold Shiner, Rainbow Trout, and Brook Trout. Tiger musky no longer 
persist in the lake; they inherited an intolerance for warm water temps from one of their parents 
(northern pike). The stocking history and the proportional stock density (PSD), relative stock density-
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preferred (RSD-P), and relative weight (RW) provide indications of health of the fishery, an explanation 
of which follows. 
 
 

Historical Stocking 
 
Historically, White Amur (grass carp) were likely overstocked; many still persist and contribute to the 
lack of submersed aquatic vegetation in the lake.  Subsequently, the available nutrients (normally tied 
up by submersed aquatics) are utilized by microscopic algae, filamentous algae, and duckweed which 
contribute to reduced water clarity.  Since stocking the White Amur/grass carp, research has improved 
our understanding of grass carp lifespan and feeding preferences.  The DNR does not currently utilize 
these fish in public water bodies and suggests an extremely light stocking ratio for private pond 
owners. Appendix 3, Stocking History, shows stocking date, species, number, and size.  
 

Stocking Density and Weight 

Table 6, Stocking Density and Weight, shows the acceptable range for, and observed levels of, 
proportional stock density, relative stock density-preferred, and relative weight (Rw) of stocked fish. The 
proportional stock densities (PSD) are within the acceptable range, but fish condition is not the best (i.e., 
the fish are a little thin).  The relative stock density-preferred (RSD-P) values suggest that there are some 
larger bass and crappies available to anglers, but there aren’t many large bluegills.  Explanations for 
these observations (see Appendix D. Fisheries Sampling) may include direct competition with 
undesirables (e.g., gizzard shad), turbid water (from sediment inputs, sediment resuspension by carp, 
and nutrient inputs that lead to algal blooms).  It is also likely that largemouth bass and white crappie 
compete directly for the same food resources.  The largemouth bass length frequency is somewhat 
artificial as the larger fish may be a result of the stocking of excess large, brood stock fish from the 
Fairport Hatchery after they are no longer needed.  2013 may not have been a successful spawn for the 
crappies as small fish in the length frequency histogram are not observed. Alternatively, this could 
simply be related to the small sample size. 
 
Table 6. Stocking Density and Weight 

Fish Acceptable Range Lake of the Hills 

Bluegill PSD = 20 – 60 
RSD-P = 5-20 
Rw = 100 

PSD = 28.91 
RSD-P = 0 
Rw = 95.85 

Largemouth Bass PSD = 40 – 70 
RSD-P = 10 – 40 
Rw = 100 

PSD = 28.91 
RSD-P = 26.67 
Rw = 78.72 

Crappies PSD = 30 – 60 
RSD-P = >10 
Rw = 100 

PSD = 41.38 
RSD-P = 13.79 
Rw = 85.1 
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2014 305(b) Assessment for Lake of the Hills  

A water quality assessment report for Lake of the Hills is published by the IDNR every two years.  Iowa’s 
Water Quality Standards classify all surface waters in Iowa as being protected for general uses. 
Waterbodies can also be protected for drinking water, and recreation uses like swimming, and 
supporting fish and other aquatic life. Designated uses are protected by specific water quality criteria, 
which waterbodies are used to assess water bodies.  
 
The uses6 discussed for Lake of the Hills watershed are: 
 

 Class A1 

 Class B (LW) 

 Class HH 
 
A1 = Waters in which recreational or other uses may result in prolonged and direct contact with the 
water, involving considerable risk of ingesting water in quantities sufficient to pose a health hazard. 
Such activities would include, but not be limited to, swimming, diving, water skiing, and water contact 
recreational canoeing. 
 
B (LW) = Artificial and natural impoundments with hydraulic retention times and other physical and 
chemical characteristics suitable to maintain a balanced community normally associated with lake-like 
conditions. 
 
HH = Waters in which fish are routinely harvested for human consumption or waters both designated as 
a drinking water supply and in which fish are routinely harvested for human consumption. 

 

Summary 

 
The Class A1 (primary contact recreation) uses are assessed (monitored) as “partially supported” due to 
aesthetically objectionable conditions caused by algal turbidity.   

 
Note: Class A1 uses were added to this lake in the March, 2006 Surface Water 
Classification.   The Class B(LW) (aquatic life) uses are assessed (monitored) as “fully 
supported.”  The fish consumption uses are assessed (monitored) as "fully supported" based on 
results of fish contaminant monitoring in 2009 and 2010.    

 
Sources of data for this assessment include (1) results of the statewide survey of Iowa lakes conducted 
from 2009-2012 by Iowa State University (ISU), (2) results of the statewide ambient lake monitoring 
program conducted in 2008 by University Hygienic Laboratory (UHL), (3) information from the IDNR 
Fisheries Bureau, (4) results of the IDNR-county voluntary beach monitoring program in 2010-2012, and 
(5) results of U.S.  EPA/IDNR fish contaminant monitoring in 2009 and 2010.  
 
 
 
 

                                                 
6 Definitions from Chapter 61 – Iowa Water Quality 
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Explanation 
  

Results of IDNR city/county beach monitoring from 2010-2012 suggest that the Class A1 uses are 
“fully supported."  Levels of indicator bacteria at West Lake beach were monitored once per 
week during the primary contact recreation seasons (May through September) of 2010 (14 
samples), 2011 (13 samples), and 2012 (14 samples) as part of the IDNR beach monitoring 
program.    
 
According to IDNR’s assessment methodology two conditions need to be met for results of 
beach monitoring to indicate “full support” of the Class A1 (primary contact recreation) uses:  
 

(1) the geometric mean of the samples from each recreation season of the three-year 
assessment period are less than the state’s geometric mean criterion of 126 E.  coli 
orgs/100 ml  

 
(2) not more than 10% of the samples during any one recreation season exceeds the state’s 

single-sample maximum value of 235 E.  coli orgs/100 ml.   If a sampling season 
geometric mean exceeds the state criterion of 126 orgs/100 ml during the three-year 
assessment period, the Class A1 uses should be assessed as “not supported.”  Also, if 
significantly more than 10% of the samples in any one of the three recreation seasons 
exceed Iowa’s single-sample maximum value of 235 E.  coli orgs/100 ml, the Class A1 
uses should be assessed as “partially supported.”   

 
This assessment approach is based on U.S. EPA guidelines (see pgs 3-33 to 3-35 of U.S. EPA 1997b).      

 
NOTE:  Based on consultation with EPA Region 7 staff in 2011, IDNR’s 
methodology for assessing impairments based on the geometric mean water 
quality criterion was changed.   Prior to the 2012 listing cycle, IDNR calculated 
geometric means for lakes based on a 30-day periods within the recreational 
season.   Any violation of one of these 30-day periods within 3 years resulted in 
an impairment of the Class A1 uses of that lake.   Because water quality 
standards do not identify a 30 day period but instead a recreational season, 
Region 7 concurred that the approach used for rivers and streams with less 
frequent bacteria data (seasonal geometric means) would be appropriate for 
identifying §303(d) impairments at lake beaches.   Thus, for the 2014 listing 
cycle, IDNR identified primary contact recreation impairments for lakes when 
the geometric mean of all samples from the recreation season of a given year 
exceeded the geometric mean criterion.  This does not impact the way IDNR 
assesses beaches for closure to protect the recreating public in the short term.    
 

At West Lake/Lake of the Hills beach, the geometric means from 2010-2012 were all below the Iowa 
water quality standard of 126 E.  coli orgs/100 ml.   The geometric mean was 17 E.  coli orgs/100 ml in 
2010, 12 E.  coli orgs/100 ml in 2011, and 7 E.  coli orgs/100 ml in 2012.   The percentage of samples 
exceeding Iowa’s single-sample maximum criterion (235 E.  coli orgs/100 ml) was 0% in 2010, 0% in 2011 
and 0% in 2012.   None of these are significantly greater than 10% of the samples and therefore do not 
suggest impairment of the Class A1 uses.   According to IDNR’s assessment methodology and U.S.  EPA 
guidelines, these results suggest "full support" of the Class A1 (primary contact recreation) uses.    
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Based on information from the ISU lake survey and UHL lake monitoring program the Class A1 uses at 
Lake of the Hills should be assessed as “partially supported” due to aesthetically objectionable 
conditions caused by algae.   Using the median values from these surveys from 2008-
2012(approximately 17 samples), Carlson’s (1977) trophic state indices for Secchi depth, chlorophyll a, 
and total phosphorus were 67, 66, and 67 respectively for Lake of the Hills.   According to Carlson (1977) 
the Secchi depth, chlorophyll a, and total phosphorus values all place Lake of the Hills in between the 
eutrophic and the hypereutrophic categories.   These values suggest high levels of chlorophyll a and 
suspended algae in the water, moderately poor water transparency, and high levels of phosphorus in 
the water column.    
 
Based on data from the ISU and UHL lake surveys, the level of inorganic suspended solids was 
moderately high at this lake and does not suggest impairment due to non-algal turbidity.   The median 
inorganic suspended solids concentration at Lake of the Hills was 2.7 mg/L, and ranked 49th of the 134 
monitored lakes.  
 
Data from the 2008-2012 ISU and UHL surveys suggest a relatively small population of cyanobacteria 
exists at Lake of the Hills, which does not cause an impairment due to nuisance aquatic life at this 
lake.   These data show that cyanobacteria comprised 73% of the phytoplankton wet mass at this 
lake.   The median cyanobacteria wet mass (25.8 mg/L) and ranked 89th of the 134 lakes sampled.    
 
The Class B(LW) (aquatic life) uses are assessed (monitored) as “fully supported.”  Information from the 
IDNR Fisheries Bureau, however, suggests that nutrient inputs, algae blooms, and the impacts of 
common carp and gizzard shad are concerns at this lake.   Based on data from the ISU and UHL lake 
surveys from 2008-2012, there were no violations of the Class B(LW) criterion for ammonia in 17 
samples,  no violations of the Class B(LW) criterion for dissolved oxygen in 17 samples, and no violations 
of the Class A1,B(LW) criterion for pH in 17 samples. Based on IDNR’s assessment methodology these 
results suggest "full support" of the Class B(LW) uses.  
 
Fish consumption uses were assessed (monitored) as “fully supported” based on results of 
U.S.   EPA/IDNR fish contaminant (RAFT) monitoring at Lake of the Hills in 2009 and 2010.   Levels of 
primary contaminants in the composite sample of channel catfish fillets were as follows: mercury: 
0.0701 ppm; total PCBs: 0.09 ppm; and technical chlordane: <0.03 ppm.   The mercury level detected in 
2012 monitoring for snapping turtle was 0.0681 ppm.  These results are all below the fish consumption 
advisory trigger levels.   The level of mercury in the composite sample of largemouth bass fillets was 
0.342 ppm.   This is above the advisory trigger level (0.30 ppm) for mercury.   Based on the IDPH/IDNR 
methodology two consecutive samples above the advisory trigger level are necessary to suggest the 
issuance of a fish consumption advisory.   Follow-up sampling was conducted in 2010.   The level of 
mercury in the composite sample of largemouth bass fillets was 0.252 ppm, which is below the advisory 
trigger level.   Therefore a fish consumption advisory is not justified at this lake.   The existence of, or 
potential for, a fish consumption advisory is the basis for Section 305(b) assessments of the degree to 
which Iowa’s lakes and rivers support their fish consumption uses.     The fish contaminant data 
generated from the 2010 RAFT sampling conducted at this lake show that the levels of contaminants do 
not exceed any of the advisory trigger levels, thus indicating no justification for issuance of a 
consumption advisory for this waterbody.   The high levels of mercury in 2009, however, do suggest the 
need for additional follow-up monitoring at this lake. 
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4.2 Lake of the Hills TMDL 
 
The Federal Clean Water Act requires all states to develop lists of impaired waterbodies that do not 
meet water quality standards (WQS) and support designated uses. This list of impaired waterbodies is 
referred to as the state’s 303(d) list. A Total Maximum Daily Load (TMDL) must be developed for each 
impaired waterbody included on the list. The purpose of the TMDL is to calculate the maximum amount 
of a pollutant that a waterbody can tolerate without exceeding WQS and impairing the waterbody’s 
designated uses. 
 
Lake of the Hills was added to the 2014 Section 303(d) list by the Iowa Department of Natural Resources 
(IDNR) for not supporting its primary contact recreation designated use. The impairment is due to 
elevated levels of algae, which is caused by overly-abundant nutrients, particularly phosphorus, in the 
lake. A TMDL was completed during the process of writing this watershed management plan and 
currently in the review stage.  
 
Prior to the writing of the TMDL, the Spreadsheet Tool for Estimating Pollutant Load (STEPL) and 
RUSLE/GIS/Pollutant Calculator models were used to estimate base-line pollutant loading and load 
reductions in the watershed. The models consider pollutant delivery to the lakes from sheet, rill, and 
gully erosion, as well as, pollutant loads from rural septic systems, urban areas, and livestock in the 
watershed. The STEPL employs simple algorithms to calculate nutrient and sediment loads from 
different land uses and the load reductions that would result from the implementation of various best 
management practices (BMPs). Data from the STEPL was considered in the process of writing the TMDL. 
(See Section 4.5,TMDL and Pollutant Loading and Appendix B, STEP-L for additional information) 
 
The TMDL shows that the amount of phosphorus transported to the lake from the surrounding 
watershed is sufficient to cause excessive growth of algae, which reduces water clarity. Phosphorus is 
carried to the lake in two primary forms: (1) attached to eroded soil that is transported to the lake by 
rainfall runoff and stream flow, and (2) dissolved phosphorus in runoff and subsurface flow (e.g., shallow 
groundwater and tile flow). There are no permitted point sources of phosphorus in the Lake of the Hills 
watershed; therefore all phosphorus loads to the lake are attributed to nonpoint sources. 
 
Nonpoint sources are discharged in an indirect and diffuse manner, and often are difficult to locate and 
quantify. Nonpoint sources of phosphorus in the Lake of the Hills watershed include sheet and rill 
erosion from various land uses, runoff and subsurface flows from lands that receive manure or fertilizer 
application, stream and gully erosion, poorly functioning septic systems, manure deposited by wildlife, 
urban storm water, and particles carried by dust and wind (i.e., atmospheric deposition). A portion of 
the phosphorus carried to the lake eventually settles to the lake bottom and accumulates.  
 
Total phosphorous loads in Lake of the Hills must be reduced in order to reduce algae and fully support 
the lake’s designated uses. Based on the estimate load from all sources, the TMDL calls for a 78% 
reduction of phosphorous, and allocates for no more than 1,030 lbs/year of total phosphorous delivery.  

 

4.3 In-Lake Water Monitoring 
 
The Iowa DNR has been conducting in-lake monitoring at one site in Lake of the Hills since 2000, and using 
the Carlson Trophic State Index (TSI) as a quantitative measure for water quality. The Iowa DNR ambient 
lake monitoring data for Lake of the Hills shows a rising trend for three trophic state indices (TSI) – Secchi 
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depth, chlorophyll a, and total phosphorous (Figure 5. 2000-2015 trends for Carlson’s Trophic State 
Indices).  
 
 The TSI is a measure of trophic (fertility/productivity) status of a body of water using several measures 
including: turbidity (Secchi depth), chlorophyll-a (algal biomass), and total phosphorus levels. The 
productivity of a lake is both naturally occurring and influenced by human activities in the watershed. A 
TSI value above 70 indicates a very productive waterbody with a lot of nutrients and hypereutrophic 
characteristics, beyond eutrophic levels of high biological productivity.  Hypereutrophic lakes often exhibit 
low clarity, extensive weeds, and algal scum. On the other end of the spectrum, oligotrophic lakes are 
often characterized by cold water temperatures, low nutrient levels, high levels of dissolved oxygen, and 
high drinking water quality. In the middle of the spectrum, mesotrophic lakes have an intermediate level 
of nutrients and productivity and some submerged aquatic plants; they have different levels of dissolved 
oxygen throughout the water column.  Analyzing the TSI for a lake can provide insight into how well the 
lake is functioning for its intended use. For example, mesotrophic conditions are ideal for many species of 
fish. 
 
Using the median values from approximately 44 samples from the Iowa DNR ambient lake monitoring 
surveys from 2000-2015 (Downing et al., 2015), TSI indices for Secchi depth, chlorophyll a, and total 
phosphorus were 65, 66, and 66, respectively (See Table 7. In-Lake Water Monitoring for details).  The 
Secchi depth, chlorophyll a, and total phosphorus TSI values all place Lake of the Hills in between the 
eutrophic and the hypereutrophic categories. These values suggest high levels of chlorophyll a and 
suspended algae in the water, moderately poor water transparency, and moderately high levels of 
phosphorus in the water column. 
 
Carlson’s TSI was used to evaluate the relationships between TP, algae (chlorophyll-a), and transparency 
(Secchi depth) in Lake of the Hills. If the TSI values for the three parameters are the same, the 
relationships between the three are strong. If the TP TSI values are higher than chlorophyll TSI, it 
suggests there are limitations to algal growth besides phosphorus. Averaging the growing season TSI 
values for each year (2001-2012) results in overall TSI values of 65 for Secchi depth, 66 for chlorophyll-a, 
and 66 for phosphorus. The water clarity trend is negative, with increasing TSI values for Secchi depth, 
chlorophyll-a, and TP (Figure 3-3). Averaging growing season TSI values from data used in the 2014 
Water Quality Assessment (2008-2012) results in TSI values of 66.1 for Secchi depth, 67.4 for 
chlorophyll-a, and 65.9 for TP. The strong correlation between Secchi, chl-a, and TP TSI values, provides 
some evidence of the importance of phosphorus for algal growth (see Lake of the Hills TMDL for further 
detail). This indicates that targeting phosphorus reductions in the watershed may improve Secchi depth 
and chlorophyll-a TSI values in Lake of the Hills. 
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     Figure 5.  2000-2015 trends for Carlson’s Trophic State Indices (TSI) 7

                                                 
7The graph is from the 2016 TMDL and illustrates TSI including Secchi depth, chlorophyll-a (Chl a), and total phosphorus (TP) 



 

 
Table 7. In-Lake Water Monitoring 

Lake of the Hills Summary Data 
Iowa DNR 

Iowa Lakes Mini Report 
Parameter 6/24/2014 8/12/2014 9/22/2014 2014 2013 2012 2011 2010 2009 2007 2006 2005 2004 
Lake Depth (m) 5.5 5 5.2 5.2 5.7 5.6 5.8 6 5.8 5.9 5.7 6.2 5.8 

Thermocline Depth (m) 4 3.5 Nil N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Secchi Disk Depth (m) 1.2 0.5 0.5 0.7 0.4 0.5 0.6 0.6 0.8 0.7 0.9 0.8 0.6 
Temperature(oC) 25 24.1 18.3 22.5 22.2 24.6 24 25.3 26.3 25.4 25.1 27.4 25.6 

Dissolved Oxygen (mg/L) 9.9 7.8 7.4 8.4 7.6 7.3 8.3 8.1 10.1 7.4 9.2 8.6 11.3 
Dissolved Oxygen 
Saturation (%) 

119 93 78 97 87.4 87.2 98.6 98.2 126.2 89.5 111.5 109.3 139.3 

Specific Conductivity 
(μS/cm) 

370 320 350 346.7 330 396.7 396.7 390 393.3 369.3 500.2 492.8 399.2 

Turbidity (NTU) 3.8 12.9 16.3 11 14.8 13 18.6 8.4 8.8 13.2 4.6 10.5 14.2 
Chlorophyll a (μg/L) 10 53.7 56.4 40 64.8 52.1 41.9 19.1 53.7 32.1 20.5 38.5 50.3 
Total Phosphorus as P 
(μg/L) 

42.7 75.6 113.5 77 95.4 93.7 74.1 66.1 62.5 59 47 49 81 

SRP as P (μg/L) <5.6 <5.6 <5.6 <5.6 <14 <10 <11 <8 <9 <1 <1 <1 <1 
TKN (mg/L) 0.68 1.45 1.88 1.33 1.97 1.41 1.66 1 - - - - - 
Total Dissolved Solids 
(g/L) 

0.2 0.2 0.2 0.2 0.2 0.3 0.3 - - - - - - 

Total Nitrogen as N (mg/L) - - - - - - - - 1.1 1.19 1.04 0.97 4.68 

(Phenate)Ammonia 
Nitrogen (NH3 + NH4

+) as N 
(μg/L) 

16 16 119 38 117 <14 <145 <136 <130 - - - - 

(Phenate)Ammonia 
Nitrogen (NH3) as N (un-
ionized)(μg/L) 

1 -3 8 2 13 <PQL <PQL <PQL <130 - - - - 

Nitrate + Nitrite (NO3 + 
NO2) as N (mg/L) 

<0.12 <0.12 <0.12 0.12 <0.14 <0.06 <0.4 <0.5 - 0.2 0.12 0.17 3.5 
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TN:TP ratio - - - - - - - - 18 21 24 21 50 

pH 8.5 8.7 8.3 8.5 8.4 8.4 8.4 8.2 8.3 8.6 8.4 8.4 8.6 
Alkalinity as CaCO3 (mg/L) 142 121 130 131 122 148 144 152 145 137 174 177 148 

Table continued on the next page 

Lake of the Hills Summary Data 
Iowa DNR 

Iowa Lakes Mini Report 

Parameter 6/24/2014 8/12/2014 9/22/2014 2014 2013 2012 2011 2010 2009 2007 2006 2005 2004 

Silica as Si (mg/L) - - - - - - - - - - - 1.91 3.03 

Dissolved Organic Carbon 
(mg/L) 

5.19 30.65 4.8 14 4.41 5 <7.6 <6.4 <6.2 4.78 5.44 7.61 3.92 

Inorganic Suspended 
Solids (mg/L) 

3 3 <2.1 2 3 <2 <5 6 <4 5 6 6 9 

Volatile Suspended Solids 
(mg/L) 

6 13 14 11 15 13 11 <9 9 7 5 8 7 

Total Suspended Solids 
(mg/L) 

9 16 14 13 18 14 14 11 12 12 10 14 15 

Carlson Trophic State 
Index (Secchi)* 

58 72 72 65 72 69 68 67 63 65 62 64 67 

Carlson Trophic State 
Index (Chl a)* 

53 70 70 67 72 69 67 60 70 65 60 66 69 

Carlson Trophic State 
Index (TP)* 

58 67 72 67 70 70 66 65 64 63 60 60 67 

 
*Index values generally range between 0 and 100, with increasing values indicating more eutrophic condition

Table 7. In-Lake Water Monitoring continued… 
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4.4 Lake Surface Area Loss 
 
 GIS analysis was conducted in 2014 to examine changes in lake area size. Images from April 1984 were 
compared with images from July 2011. While these 
images do not account for any seasonal or annual 
rainfall differences, they mirror what local resource 
managers have been seeing for years – increasing 
bank erosion and lake water surface area loss. In 
total, the lake complex has lost approximately 1.9 
acres of surface area over the past 22 years, or 
approximately 2% of its surface area. However, 
individual lakes, which act as sediment traps 
upstream of Lake of the Hills, have lost 
considerably more surface area; In particular, Blue 
Grass lake has seen large amounts of algal growth, 
which if taken into account reduce the total surface 
area of the lake by 46% (see Figure 6, Blue Grass 
Water Levels A and 7, Blue Grass Water Levels B).  
Images 7 to 12 depict the surface area loss 
described in Table 8, Lakes Surface Area Loss. 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 

Lake 1984 
Surface 

Area 
(acres) 

2011 
Surface 

Area 
(acres) 

Difference 
(acres) 

Percent 
Change 

Blue 
Grass 
Lake 

10.28 9.12 (1.17) -11.3% 

Lake 
Canyada 

11.75 11.39 (0.36) -3.1% 

Lake of 
the Hills 

54.54 54.54 (0.00) 0.0% 

Lambach 
Lake 

9.89 8.80 (1.09) -11.0% 

Railroad 
Lake 

23.37 24.09 0.72  +3.1% 

Total 109.83 107.93 (1.9) -2% 

Table 8. Lakes Surface Area Loss  
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Figure 7. Blue Grass Water Levels B 

Figure 6. Blue Grass Water Levels A 
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        Figure 8. Lake of the Hills Water Levels 

 
Lake of the Hills surface area has remained constant since 1984.  
 

 
           Figure 9. Lake Canyada Water Levels 

 
Lake Canyada has seen a surface area loss of 3.1% since 1984. 
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             Figure 10. Lambach Lake Water Levels 

 
Lambach Lake has seen a surface area loss of 11%. 

 

 
           Figure 11. Railroad Lake Water Levels 

 
Railroad Lake has seen a surface area gain of 3.1% 
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4.5 TMDL and Pollutant Loading 
 

 
The Iowa DNR wrote a TMDL for Lake of the Hills and is currently in the process of being reviewed for 
EPA approval. The TMDL set load allocations for sedimentation and total phosphorus. The TMDL 
determined that there are no point source discharges to Lake of the Hills and therefore the entire 
sediment and total phosphorus load can be attributed to watershed (non-point source) and internal 
loading. Based on modeling completed for Lake of the Hills, the TMDL estimated the current phosphorus 
load at 4,758 lbs/year based on land use/ land cover in the watershed. 
 
The critical period for poor water clarity is the growing season (April through September). However, 
long-term phosphorus loads lead to buildup of phosphorus in the reservoir and can contribute to algal 
growth regardless of when phosphorus first enters the lake. Therefore, both existing and allowable TP 
loads to Lake of the Hills are expressed as annual averages. Phosphorus loads are also expressed as daily 
maximums, in the TMDL document, to comply with EPA guidance. 
 
Lake modeling was utilized to determine the loading capacity for siltation and nutrients to meet the 
TMDL targets. The nutrient target for Lake of the Hills will be measured by a Carlson TSI for chlorophyll-a 
(target of 63), total phosphorus (target of 58), and transparency (target of 62). To achieve the TSI value 
and account for a margin of safety, the phosphorus loading capacity needs to be reduced to 1,030 
lbs/year. 
 

5. Pollutant Source Assessment 
 
A variety of assessments were completed to identify pollutant sources and determine priority areas for 
implementing best management practices.  An assessment of all the Classic Gully’s in the watershed that 
provide perennial/intermittent flow to the lakes complex, totaling approx. 3 miles, was conducting using 
the Rapid Assessment of Stream Conditions Along Length (RASCAL) tool. The RASCAL involves walking 
the length of the stream and collecting information onto a hand held GPS unit.  Data collected identified 
particular trouble spots along the streams, including streambank erosion, classic gullies cutting back 
from the stream into adjacent fields, coverage of riparian buffers, livestock access, etc.  
 
In addition, a field level land use survey was conducted in 2009 for the Lake of the Hills watershed in 
order to obtain land use and conservation practice data at the field level.  The survey was performed 
primarily via visual reconnaissance, although local NRCS and other agency personal were consulted to 
obtain information on certain parts of the watershed.  The 2009 field survey was ground-truthed by 
NRCS staff and updated in 2013. While there is certain level of subjectivity to this type of survey, 
especially when determining crop rotations and residue levels, this approach is the only way to collect 
this amount of detail at this time. 
 

5.1 Sediment and Phosphorous  
 
When considering sediment and phosphorous delivery to Lake of the Hills, we must consider both 
erosion and non-erosion sources.   
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Several sources of sediment delivered to Lake of the Hills, and associated erosional phosphorous loads, 
were identified and quantified during watershed assessments conducted in 2012, based on GIS/RUSLE 
data.  Sources include classic gully erosion identified during stream assessments, ephemeral erosion 
from upland areas, sediment delivery from sheet and rill erosion, streambank erosion, and shoreline 
erosion.  From these assessments, an estimated sediment delivery budget was calculated for the Lake of 
the Hills watershed. Phosphorus load was determined by the Iowa State-Wide Trace Element Soil 
Sampling Project (Rowden, 2010).   The sediment and phosphorous sources and relative contributions 
are provided in Table 9A, 2013 Lake of the Hills Sediment and Phosphorous Delivery.   
 
The TMDL identifies sediment delivery from both erosion and non-erosion sources (Table 9B, TMDL 
Phosphorous Delivery, erosion sources are highlighted in yellow).  When comparing erosional 
phosphorous between the two data sets (Tables 9A and 9B), we find that there is approximately an 18% 
difference. This difference is accounted for when setting water quality targets (Section 6.1, Water 
Quality Targets). 
 
Sections 5.2 – 5.6 discuss sediment and phosphorous delivery based on the 2012 watershed assessment 
and GIS/RUSLE calculations. Section 6.1, describes the differences between the findings from the TMDL 
and GIS/RUSLE methods, the effect on final targets for this watershed management plan, and how 
progress towards the goals will be measured. 
 
 
Table 9A. 2013 Lake of the Hills Sediment and Phosphorus Delivery  

Sediment Source Estimate 
(tons/year) 

Sediment Delivery 
Rate8 (SDR) 

Total Sediment 
Delivery9 

(tons/year) 

Phosphorous 
Delivery 

(pounds/year) 

Sheet & Rill 5,130 t/y 32% 205 t/y 266.5 lb/y 

Classic Gully Erosion 2,670.6 t/y 100% 2,670.6 t/y 3,471.8 lb/y 

Shoreline Erosion 222 t/y 100% 222 t/y 288.6 lb/y 

Total Delivery 8,022.6 t/y - 3,097.6 t/y 4,027 lb/y10 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

                                                 
8 The sediment delivery rate represents the efficiency of the watershed in moving soil particles from areas of erosion to the 

point where sediment yield is measured. Different sources of erosion have different SDR’s. Each erosion source is multiplied by 
its SDR to get the sediment yield from that source. 
9 This number reflects the effect of BMPs already in place in the watershed 
10 When we apply the correction factor of .82 this becomes 3,302 lb/year  
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Table 9B. TMDL Phosphorus Delivery 

 
Phosphorous Source 

 
Existing Load (lb/year) 

Load Allocation 
(lb/year) 

Reduction (%) 

Streambank, gully 1,727 173 
902 

Row Crops 1,383 138 
902 

Timber/Forest 136 67 
50 

Grassland 65 30 
55 

Developed 544 245 
55 

Septic Systems 427 85 
80 

Pasture 368 184 
50 

1All others 108 108 
0 

Total 4,758 1,030 78% 

 
1Atmospheric contributions, direct lake contributions by waterfowl 
2Targeted dredging of upstream lakes may be necessary to achieve reductions listed 

 

5.2 Sheet and Rill Erosion 
 
Estimated sheet and rill erosion for the Lake of the Hills watershed were created using the NRCS Revised 
Universal Soil Loss Equation (RUSLE).  Local watershed personnel helped define C and P factor 
information for sediment loss classification.  The sediment delivery or amount of sediment from sheet 
and rill erosion reaching Lake of the Hills was calculated using NRCS methods.  Results of the RUSLE and 
sediment delivery calculations are provided in Figure 12, 2012 Estimated Sheet and Rill Erosion and 
Figure 13, 2012 Estimated Sediment Delivery. 
 
The Iowa State-Wide Trace Element Soil Sampling Project (Rowden, 2010) calculated that there is an 
average of 1.3 pounds of total phosphorus (TP) in each ton of sediment delivered. Using this RUSLE 
formula, sheet and rill erosion moves 6,669 pounds of phosphorous per year and delivers 266.5 pounds 
of phosphorous to the lake per year.   
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Figure 12.  2012 Estimated Sheet and Rill Erosion 

 
Estimated sediment delivery was calculated taking into account conservation practices (sediment 
control structures and waterways) that have already been implemented. Figure 13, illustrates where the 
sediment delivered to the lake originates. 
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Figure 13.  2012 Estimated Sediment Delivery 
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5.3 Streambank and Classic Gully Erosion 
 
From the 2013 RASCAL assessment, an estimated 2,670.61 tons/year erodes from the streambanks and 
classic gullies in the Lake of the Hills watershed, 100% of that is estimated to be delivered to Lake of the 
Hills annually.  This contribution of sediment is a large portion of all categories assessed within the 
watershed, and is often the most expensive to correct.  Figure 14, Streambank and Gully Erosion shows 
locations and severity of streambank and classic gully erosion, while Figure 15, Streambank and Gully 
Erosion Sites Observed highlights the origins of erosion.   

 
 
 
 
 
 
 
 
 

Figure 14. Streambank and Gully Erosion 
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Erosion estimates were made by recording the visual estimate of erosion rate class (stable, minor, 
moderate, or severe), bank length, and bank height. The erosion rate class has a corresponding depth of 
soil loss in inches per year. This depth was multiplied by the surface area of the bank (bank height x bank 
length) to get an overall volume of soil loss. The soil volume was then multiplied by the density of soil 
(assumed to be 85 lbs/ft3). This method of calculating erosion is known as the USDA Volumetric Method. 
Using this method and a factor of 1.3 from the Iowa State-Wide Trace Element Soil Sampling Project to 
convert to pounds of phosphorus delivery, the phosphorus loading from classic gullies in the watershed 
is 3,471.79 lb/y. 
 
 

 
 

 
 

 

 

 

Figure 15. Streambank and Gully Erosion Sites Observed  
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5.4 Subwatershed Priorities 
 

The watershed consists of 68 sub-watersheds, which were ranked based on results from the RASCAL 
(knick points and head cuts, sites observed, streambank and gully erosion) and sheet and rill sediment 
delivery estimates. The rankings indicate priority areas to target for mitigation and conservation 
practices. Figure 16, Sheet and Rill Erosion by Sub-watershed, shows sheet and rill, streambank, and 
gully erosion originating in each sub-watershed. Table 10, Sub-watershed Erosion Ranking, breaks the 
information down by erosion type, acres, and sub-watershed ranking based on erosion from each sub-
watershed. Figure 17, Sub-watershed IDs, shows the location of the sub-watersheds with map Ids. Using 
the table, you can identify a priority sub-watershed and look it up on Figure 17. 

Figure 16. Sheet and Rill Erosion by Sub-watershed 
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Table 10. Sub-watershed Erosion Ranking 

Rank Map ID Acres 

Total Gully & 
Streambank 

Erosion 
(tons/year) 

Sheet & Rill 
Erosion 

(tons/year) 

Total Erosion 
(tons/year) 

 
 

Total Sediment 
Delivery 

(Sheet & Rill 
Erosion Only) 

Scott Co. 
Subwatershed 

ID 

 

1 29 65.14 1249.83 236.51 1486.35 7.6 26084 

2 41 75.3 88.59 541.23 629.82 17.3 26337 

3 58 69 0 500.09 500.09 16 26625 

4 64 30.15 99.99 357.69 457.68 11.4 26817 

5 68 51.27 134.32 297.9 432.22 9.5 26846 

6 39 29.02 141.94 229.32 371.26 7.3 26310 

7 56 21.99 116.18 211.71 327.89 6.8 26607 

8 36 43.13 0 302.15 302.15 9.7 26249 

9 7 29.07 251.95 36.61 288.55 1.2 25645 

10 10 43.02 0 258.85 258.85 8.3 25696 

Table continued on the next page 

Figure 17. Sub-watershed IDs 
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Table 10. Sub-watershed Erosion Ranking continued… 

11 55 23.46 47.26 164.2 211.46 5.3 26589 

12 32 33.65 0 201.38 201.38 6.4 26144 

13 48 11.67 7.66 180.22 187.88 5.8 26448 

14 53 3.48 85.48 54.11 139.59 1.7 26543 

15 19 16.95 0 137.13 137.13 4.4 25857 

16 38 32.77 51.94 79.47 131.4 2.5 26283 

17 13 15.81 10.91 104.82 115.73 3.4 25736 

18 51 16.08 1.01 112.28 113.28 3.6 26466 

19 62 23.1 0 105.95 105.95 3.4 26699 

20 42 52.42 82.69 16.23 98.92 5.1 26347 

21 61 31.81 0 97.26 97.26 3.1 26666 

22 30 23.22 88.42 8.29 96.71 0.3 26088 

23 50 4.61 13.88 80.39 94.27 2.6 26457 

24 44 31.08 0 76.45 76.45 2.4 26420 

25 27 19.2 0 70.73 70.73 2.3 26064 

26 3 43.61 15.98 51.52 67.49 1.6 25595 

27 67 44.87 0 63.52 63.52 2 26840 

28 52 1.8 39.18 23.31 62.5 0.7 26470 

29 2 25.99 32.8 26.97 59.77 0.9 25574 

30 6 25.72 27.81 31.8 59.61 1 25642 

31 1 25.59 0 55.32 55.32 1.8 25468 

32 22 11.37 0 55.09 55.09 1.8 25896 

33 47 20.09 13.83 35.38 49.21 1.1 26443 

34 4 47.99 1.01 46.18 47.19 1.5 25596 

35 5 35.34 14.03 22.86 36.89 0.7 25639 

36 59 24.57 0 32.12 32.12 1 26640 

37 20 17.65 15.39 13.24 28.63 0.4 25880 

38 25 5.06 24.93 1.52 26.45 0 26014 

39 43 41.21 7.4 16.83 24.22 5.4 26414 

40 16 61.61 0 17.28 17.28 0.7 25764 

41 11 14.85 0 16.64 16.64 0.5 25697 

42 45 26.34 3.53 12.13 15.66 3.7 26426 

43 23 40.41 0 11.65 11.65 1.7 25900 

44 35 20.24 0.84 9.54 10.38 3 26238 

45 49 18.37 1.85 8.52 10.37 2.7 26454 

46 28 16.41 0 8.87 8.87 1 26083 

47 37 27.68 0 8.39 8.39 2.7 26254 

48 46 18.62 0 6.74 6.74 2.2 26427 

Table continued on the next page 
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Table 10. Sub-watershed Erosion Ranking continued… 

49 31 19.32 0 5.42 5.42 1.7 26134 

51 26 14.26 0 3.98 3.98 0.1 26016 

52 12 23.04 0 3.16 3.16 0.1 25709 

53 9 13.2 0 3.02 3.02 0.1 25689 

54 54 34.39 0 2.98 2.98 0.1 26579 

55 60 28.35 0 2.49 2.49 0.1 26657 

56 33 16.51 0 2.17 2.17 0.1 26179 

57 24 8.91 0 1.84 1.84 0.6 25952 

58 14 3.32 0 1.76 1.76 0.1 25750 

59 63 23.79 0 1.57 1.57 0.1 26706 

60 17 14.12 0 1.52 1.52 0 25786 

61 21 5.23 0 1.51 1.51 0 25886 

62 65 18.11 0 1.03 1.03 0 26825 

63 15 2.17 0 1.03 1.03 0 25758 

64 66 14.55 0 0.87 0.87 0 26830 

65 57 5.6 0 0.5 0.5 0 26621 

66 18 1.6 0 0.27 0.27 0 25848 

67 40 0.5 0 0.22 0.22 0.1 26318 

68 8 0.77 0 0.21 0.21 0 25656 

TOTAL 

1,683.3 
acres 

2,670.6 
tons/year 

5,077.3 
tons/year 

7,747.9 
tons/year 

190.4 
tons/year 

 

 
 

5.5 Shoreline Erosion 
 
Shoreline assessments were conducted in 2014 and 2015 by the Iowa Department of Natural Resources.  
Sediment delivery was calculated using the USDA’s lateral recession rates and volumetric method for 
calculating bank erosion (Bank height X eroding length X lateral recession X assumed soil density of 85 
lbs/ft3 / 2,000lb). The Following images show shoreline erosion at each of the four public lakes.  
 



 

Lake of the Hills Watershed Management Plan Page 38 

Lake of the Hills  

Fifty percent, 1.2 miles, 
of shoreline was 
identified as eroding.  
Average bank height is 
estimated to be 2.24 
feet, and the sediment 
delivery ratio is 100%. 
Therefore, 
approximately 2,720.4 
ft3  or 115.6 tons/year 
of soil enter lake of the 
hills from bank erosion, 
Figure 18, Lake of the 
Hills Shoreline 
Assessment shows 
critical areas. 

 

Railroad Lake 

The entire shoreline, 
1.07 miles, was 
identified as eroding.  
Average bank height is 
estimated to be 1.78 
feet, and the sediment 
delivery ratio is 100%. 
Therefore, 
approximately 2,429.5 
ft3  or 103.3 tons/year 
of soil enter lake from 
bank erosion, Figure 19, 
Railroad Lake Shoreline 
Assessment shows 
critical areas. 

 
 
 
 
 
 
 
 
 
 

Figure 18. Lake of the Hills Shoreline Assessment 

Figure 19. Railroad Lake Shoreline Assessment 
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Lambach Lake 

Three hundred thirty-nine feet 
were identified as eroding.  
Observed bank height varied 
between 1.5 and 3 feet and the 
sediment delivery ratio is 
100%. Therefore, 
approximately 50.1 ft.3 or 2.1 
tons/year of soil enter lake of 
the hills from bank erosion, 
Figure 20, Lambach Lake 
Shoreline Assessment shows 
critical areas. 
 
 
 
 
 
 
 
 
 

Blue Grass Lake 

 
Two-hundred feet were 
identified as eroding. An 
additional 36 feet is in 
critical condition as gullies 
are forming nearby. 
Observed bank height was 
estimated to be 3 feet, and 
the sediment delivery ratio 
is 100%. Therefore, 
approximately 30 ft.3  or 
1.3 tons/year of soil enter 
lake of the hills from bank 
erosion, Figure 21, Blue 
Grass Lake Shoreline 
Assessment shows critical 
areas. 
 
 

Figure 20. Lambach Lake Shoreline Assessment 

Blue Grass Lake Shoreline Erosion Assessment, 
August 2015 

Figure 21. Blue Grass Lake Shoreline Assessment 
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5.6 Impervious Surfaces 
 
Impervious surfaces – roads, rooftops, sidewalks, parking lots – increase the volume and velocity of 
surface runoff. Runoff delivers sediment, nutrients, road salts, hydrocarbons, and other pollutants to 
receiving waterbodies in the watershed. As these pollutants make their way into the lakes, they can kill 
native vegetation, wildlife, and fish. They can also make the recreational Lake of the Hills unsafe and 
unpleasant. However, surface run-off from storms can be managed with plants and bio-filtration 
systems. Bio-swales, filtration strips, rain gardens, infiltration strips, wetlands, and permeable pavers are 
among the techniques available to mitigate the effects of surface runoff on water quality. 
 
On August 27, th a visual assessment of impervious surfaces in the Lake of the Hills watershed was 
conducted.  The assessment focused primarily on impervious surfaces within Scott County Park, for 
which there may be opportunities to introduce water retention and water quality projects in tandem 
with the anticipated lakes restoration work. See Table 11, Impervious Surface Assessment for the results 
of the assessment. 
 
Table 11. Impervious Surface Assessment 

Location Concerns being 
addressed 

Possible Practices 

Recycling Center by 
Railroad Lake 

Parking lot run-off  Rain garden with retaining wall: extend 
the garden the length of the parking lot, 
utilize a sub-drain with stand pipe and 
temporary pond 

 Soil quality restoration: tine in a semi-
load of compost 

Rolling Hills Picnic Area Parking lot run-off 
from a high use area 
with a naturally 
forming spillway 
that is eroding the 
asphalt 

 Islands and bio-swales throughout the 
parking lot 

 Permeable pavers around the perimeter 
of the parking lot 

 Turn spillway into a bio-swale with a dry 
retention basin 

 Establish wetlands for the spillway to 
drain into  

West Lake Road Overland flow  Use permeable paving for infiltration 
along the shoulders 

 Fill in the ditches 

Small Beach Parking 
Lot 

Parking lot run-off Bio-retention cell on the contour or in the 
southwest corner 

Large Beach Parking 
Lot 
 

Parking lot run-off  Infiltration trench: as wide and as deep 
as necessary, start at the scour on the lot, 
cap with grid fabric and grass, engineer 
sub-grade and load bearing 

 Divide lot into sub drainage areas and 
create smaller infiltration trenches (a 
segmented trench approach) 
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6. Targets and Load Reduction 
 

6.1 Water Quality Targets  
 
The Lake of the Hills TMDL allows for a total phosphorous load of 1,030 lbs/year. To attain this load, the 
TMDL requires an overall phosphorous reduction of 78% from all sources (see Table 9B, TMDL 
Phosphorous Delivery). To achieve this target and set measurable goals, we first had to rectify the TMDL 
data with the GIS/RUSLE data. To establish phosphorous delivery targets from erosion sources, we are 
using a correction factor and applying it to GIS/RUSLE data. This will allow the team implementing this 
plan to track the effectiveness of implementation strategies with the IDNR’s pollutant calculator while 
ensuring that a realistic and impactful target is set.  
 
When comparing current erosional phosphorous loading from the TMDL with the GIS/RUSLE 
calculations, we find that there is approximately an 18% difference11.  To account for this difference, we 
apply a correction factor of .82 to the target set with RUSLE delivery data (3,047 lb/year as indicated in 
Table 12, Summary of Best Management Practices) and identify a reduction of 2,498.5 lbs/year. We 
assume that the TMDL’s targeted pasture reduction will be attained through these BMPs, resulting in a 
further reduction of 184 lb/year, 2,314.5 lb/year total. Next, we must account for phosphorous loads 
from septic systems and urban run-off, which are not separately factored in to the RUSLE.  
 
The phosphorous from septic systems was coming from the Lake Canyada development area, which has 
since been vacated. Resulting in approximately a 342 lb/year reduction. Assuming all urban and 
impervious practice recommendations are implemented, the system will see another reduction of 299 
lb/year. This brings the attainable phosphorous load target to 1,673.5 lb/year. The remaining 673.5 
lb/year will need to be addressed by targeted dredging and fishery restoration. 
 
The GIS/RUSLE data was used to set a sediment delivery target of 2,344 tons/year. While sediment 
delivery is not an explicit goal of the TMDL, it does impact water quality in Lake of the Hills. This target 
and metric will allow the team implementing this plan to track the effectiveness of implementation 
strategies with the IDNR’s pollutant calculator. 
 

6.2 Best Management Practices 
 
Best management practices (BMPs) are part of the foundation for achieving water quality goals.  BMPs 
include practices and programs that are designed to improve water quality and other identified resource 
concerns.  BMPs may include changes in land management or land use, physical structures to mitigate 
against pollutant sources, or changes in human behavior or attitudes about the resources in the 
watershed and how they are perceived or valued (Watershed Management Action Plan – Iowa DNR, 
2009).  In the Lake of the Hills watershed, BMPs will first address erosion and sediment delivery to the 
lakes as well as phosphorous movement in the watershed. Upon successful implementation of structural 
BMPs in critical areas (see Figure 22, Ideal BMP placement scenario and Figure 23, Existing BMPs in 
Need of Repair), management BMPs will be addressed.   

                                                 
11 While Iowa State-Wide Trace Element Soil Sampling Project (Rowden, 2010) calculated that there is an average 
of 1.3 pounds of total phosphorus (TP) in each ton of sediment delivered, the TMDL shows that in Lake of the Hills 
there is closer to 1.07 pounds of TP in each ton of sediment delivered. 
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From an initial list of potential practices, the number of practices was narrowed down to those that 
were the most acceptable to watershed stakeholders.  This list has been vetted for feasibility by local 
stakeholders. 
 
Below are potential riparian and upland practices identified as possible implementation/program 
strategies within the Lake of the Hills Watershed: 
 

 Terrace/Water and Sediment Control Basins 

 Terrace/Water and Sediment Control Basin Repair 

 Grassed waterways 

 Grade stabilization structures 

 Prescribed grazing (includes fence, pipeline, and tanks) 
 
Table 12 shows a summary of best management practice needs and impacts.  
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Table 12. Summary of Best Management Practices 

 

TOTAL       2,344                3,047* 

 

*After applying the TMDL 

correction factor, this becomes 

2,314.5 lb/year 

 

Upland Practices 
Targeted 

Areas 
Erosion Target 

Type 
Treatment 

Type 
Treatment  

Goals 

Sediment 
Reduction 
Efficiency 

Phosphorus 
Reduction 
Efficiency 

Sediment 
Reduction 

(t/y) 

Phosphorous 
Reduction 

(lb/y) 

Grassed Waterways Cropland 
Ephemeral 

Gullies 
Source 
Control 

10 acres 30% - 1,353 1,760 

Grade Stabilization 
Structures  

Cropland/ 
Park 

Gully Erosion 
Sediment 
Control 

9 structures 90% 90% 650 845 

Terraces/Water and 
Sediment Control 
Basins 

Cropland 
Sheet & Rill 

Erosion 
Trap 1,200 feet 90% 90% 5 7 

Terraces/Water and 
Sediment Control 
Basin Repair 

Cropland 
Sheet & Rill 

Erosion 
Trap 20,325 feet 90% 50% 24 31 

Prescribed Grazing Pasture 
Sheet & Rill 

Erosion 
Source 
Control 

33 acres 25% 25% 14 19 

Riparian, In-Stream, Edge of Field Practices   

Streambank 
Protection 

Streambank
/Shoreline 

Streambank/ 
Shoreline 
Erosion 

Source 
Control 

12,559 (ft) 90% 90% 222 228 

Management Practices   

Cover Crops, No-till, 
and Nutrient 
Management 

Cropland Sheet & Rill 
Source 
Control 

680 acres Variable Variable 76 97 
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Terrace/Water and Sediment Control Basins 
 
The purpose of a terrace/water and sediment control basin is to improve the agricultural productivity of 
sloping land, reduce watercourse and gully erosion, trap sediment, reduce and manage onsite and 
downstream runoff, and improve downstream water quality. The practice consists of an earth 
embankment or a combination of ridge and channel constructed across a slope with minor watercourses 
to form a sediment trap and water detention basin. This practice applies to areas where topography is 
generally irregular and/or where watercourse and gully erosion are a problem. 
 
Grassed Waterway 
 
Grassed waterways are constructed graded channels that are seeded to grass or other suitable 
vegetation. The vegetation slows the water and the grassed waterway conveys the water to a stable 
outlet at a non-erosive velocity. 
 
Grass or permanent vegetation established in waterways protects the soil from concentrated flows. 
Grassed waterways significantly reduce gully erosion. Grassed waterways should be used where gully 
erosion is a problem. The most common areas are in draws between hills, and other low-lying areas on 
slopes where water concentrates as it runs off a field. Grassed waterways may also be used to convey 
runoff from terraces, diversions, or other sources of water concentrations to a stable outlet 
 
Grade Stabilization Structures 
 
A structure used to control the grade and head cutting in natural or artificial channels. The purpose is to 
stabilize the grade and control erosion in natural or artificial channels, to prevent the formation or 
advance of gullies, and to enhance environmental quality and reduce pollution hazards. This practice is 
best suited to areas where the concentration and flow velocity of water require structures to stabilize 
the grade in channels or to control gully erosion.  
 
Prescribed Grazing 
 
Prescribed grazing allows producers to alternate between resting and grazing two or more grazing units 
in a planned sequence that takes several factors into consideration, including the rate of plant growth, 
level of vegetative cover, needs of the grazing animal, and other environmental inputs. The availability 
of water throughout the grazing areas is also important because it minimizes concentrated areas of 
livestock and enhances nutrient distribution. 
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Figure 22 shows the location 

where new best management 

practices are needed. Targeted 

areas were identified based on: 

 location within the 

watershed 

 current land use 

assessment activities 

 discussions with 

landowners 

 discussion with NRCS 

Field Staff  

Grade stabilization structures, 

filter strips, streambank 

stabilization, and other practices 

were identified and targeted 

during field assessment 

activities.  

 

 
 
 

 

 

 

 

 

 

 

 

 
Figure 22. Ideal BMP placement scenario 

 

WS = watershed 
GSS = Grade Stabilization Structure 
WW = Grass waterway 
600/638 = Terrace/water and sediment control basin 
PGS = Prescribed grazing 
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Figure 23 shows the 

placement of existing 

BMPs, which need repair 

and maintenance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7. Water Quality Monitoring Plan 
 
Water monitoring is an important tool to assess progress in any watershed improvement project. 
Monitoring helps track the effectiveness of best management practice implementation and the 
attainment of water quality targets.  As the TMDL is being developed, a monitoring network will be 
designed to provide input parameters to the model selected for TMDL development. At the time of this 
writing, the monitoring network and time-line is under review (see Figure 24, Possible Monitoring 
Locations and Appendix F. Future Monitoring). 

 

 

 

WS = watershed 

GSS = Grade Stabilization Structure 

600/638 = Terrace/water and sediment control basin 

 

Figure 23. Existing BMPs in need of repair 
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Data available from the Iowa DNR and IGS Beach Monitoring Program and the Iowa DNR Ambient Lake 
Monitoring Program will be used to assess general water quality trends and WQS violations and 
attainment. However, more detailed monitoring data is needed to reduce the level of uncertainty 
associated with water quality trend analysis, better understand the impacts of implemented watershed 
projects (i.e., BMPs), and guide future water quality modeling and BMP implementation efforts (see 
Appendix F. Future Monitoring.) 

 
 

  
Figure 24.  Possible Monitoring Locations   

 

 

  

0.25 mile 

N 
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8. Goals and Objectives 
 
 
Realizing the goals and objectives of this plan will require the active engagement of local stakeholders 
and the collaboration of state and federal agencies.  In addition to the implementation of Best 
Management Practices (BMPs), continued monitoring is necessary.  Monitoring is a crucial element to 
assess the attainment of water quality standards and designated uses, to determine if water quality is 
improving, degrading, or remaining unchanged, and to assess the effectiveness of implementation 
activities and the possible need for additional BMPs. 
 
This plan is intended to be used by local agencies, watershed managers, and citizens for decision-making 
support and planning purposes.  The goals, objectives, and best management practices listed below 
represent a package of tools that will help achieve water quality improvement in Lake of the Hills. 
 
The primary goal of this watershed management plan is to develop a set of best management practices 
that will address the algal growth/chlorophyll levels and turbidity of the lakes, thereby removing it from 
the impaired waters list and maintaining its class A1 designation for aquatic life and human health. This 
primary goal is being accomplished by writing a TMDL and through targeting upland management 
practices at sources of sediment and phosphorous loading. The overall result will be improved water 
clarity and quality, and the alleviation of algal blooms. 
 
A second goal addresses on-going challenges relating to the health of the fishery. Challenges such as 1) 
mitigating severe bank erosion, which adds to the lakes’ turbidity issues, 2) addressing common carp 
and gizzard shad that re-suspend the sediment constantly and need to be eliminated, and 3) mitigating 
severe bank erosion, which adds to the lakes turbidity issues and the shrinking water surface area.  
 
A third goal aims to ensure that the restoration and conservation work completed in the watershed has 
on-going and lasting effects. Education and outreach about water quality issues at Lake of the Hills will 
help meet the overarching goal of maintaining Lake of the Hill’s ability to provide nearby residents with 
outdoor education, high quality fishing, recreational boating, and swimming opportunities thereby 
increasing local revenue and leading to positive impacts in the local economy. 
 
A fourth goal aims to ensure that the restoration and conservation work completed in the watershed is 
adequate and effective at meeting water quality goals.  Analyzing both pre and post restoration water 
data will help determine if the work is having the intended effect and water quality targets are being 
achieved.  
 
Goals and Objectives 
 
Goal 1:  Reduce sediment delivery and non-point source pollution from the watershed to at or below 
TMDL limits 
 

Objective 1:  Reduce sediment delivery to Lake of the Hills by 75.7% (2,344 tons/year), resulting 
in no more than 753 t/y being delivered to the lakes. 
 
Objective 2:  Reduce phosphorus delivery to Lake of the Hills by 48.6% (2,314.5 pounds/year), 
resulting in no more than 785 pounds/year being delivered to the lakes 
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Objective 3: Reduce phosphorus delivery from impervious surfaces to the Lake of the Hills by 
55% (299 pounds/year), resulting in no more than 245 pounds/year being delivered to the lake. 
 

Strategy 1: Target conservation practices on priority upland areas within the watershed. 
Strategy 2:  Implement conservation practices on publically owned land within the 
watershed. 
Strategy 3:  Target restoration activities on sediment in Lake of the Hills. 
Strategy 4:  Target restoration activities on eroding stream bank locations. 
 

 
Goal 2: Restore the Fishery with in-lake phosphorus levels at or below TMDL limits 
  

Objective 1: Regain storage capacity of lakes and remove nutrient rich sediment, resulting in 
overall reduction of 583 pounds/year  

Strategy 1: Conduct sediment assessment to determine precisely where in each lake, 
and how much, sediment needs to be removed  

 Objective 2: Target restoration activities on eroding stream bank locations. 
  Strategy 1: Prioritize bank armoring based on severity of bank erosion, beginning with 

high priority areas in Lake of the Hills, then Railroad, then Blue Grass, and finally Lambach 
Objective 3:  Reduce sediment delivery to the lake complex 
 Strategy 1: Consider building retention ponds above Blue Grass and Lambach Lakes 
 Strategy 2: Consider in-lake silt dams in the upper end of Blue Grass and Lambach Lakes 

 
 
Goal 3:  Educate the public and partners of Lake of the Hills about the importance of lake/watershed 
improvement activities. 

 
Objective 1:  Encourage adoption of conservation practices. 
Objective 2:  Provide awareness to watershed stakeholders and visitors of their role in 
protecting the water quality of Lake of the Hills through posters, signage, web postings, 
mailings, and educational meetings. 

Strategy 1: Utilize events in Scott County Park and one to one contacts. 
Strategy 2: Disseminate the results of activities online, through conventional media 
outlets, and watershed awareness days. 
Strategy 3: Conduct periodic follow-up surveys with landowner/producers; conduct 
surveys on 5-year watershed plan update cycle. 

 
Goal 4:  Monitor and evaluate sediment and phosphorus loading reductions to Lake of the Hills.  

Objective 1:  Implement a water monitoring plan to measure water quality trends and to 
determine if progress is being made on water quality improvements. 
Objective 2:  Analyze water monitoring results to verify and identify ‘hotspots’ regarding local 
resource concerns. 
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8.2 Phased Implementation Schedule, Load Reductions and Milestones 

 
Below is a phased approach for implementing the Lake of the Hills watershed management plan.  The implementation schedule is adaptable and 
will be updated regular basis due to shifting priorities, new opportunities, and any anticipated delays. The implementation schedule for Goal 1 
assumes that the Blue Grass sub-basin is the first priority area and the Lake Canyada sub-basin is the second priority area. Estimation of the 
reduction in sediment and phosphorous delivery was calculated using GIS and Iowa Department of Natural Resources’ (IDNR) Pollutant 
Reduction Calculator. The percent reduction is based on estimated current delivery rates from RUSLE calculations. 

 
Table 13. Implementation schedule  

Goal Objective Strategy Action 
Completion 

Timeline 
Lead 

Entity(s) 

 
 
 
 
 
 
 

Goal 1: Reduce sediment 
delivery and non-point 

source pollution from the 
watershed to at or below 

TMDL limits 
 
 
 
 
 
 
 
 
 
 
 

Objective 1: Reduce sediment 
delivery to Lake of the Hills by 
75.7% (2,344 tons/year), resulting 
in no more than 753 t/y being 
delivered to the lakes. 
 

 
 
 
 
 
 
 

Target conservation 
practices on priority 

upland areas within the 
watershed. 

 
 
 
 
 
 
 
 
 
 
 
 

Terraces/Water and 
Sediment Control Basins 
(638) 

1,200 ft. 

Phase 1 
Years 1 - 4 

NRCS 

Objective 2. Reduce phosphorus 
delivery from erosion sources to 
Lake of the Hills by 48.6% (2,314.5 
pounds/year), resulting in no 
more than 1,030 pounds/year 
being delivered to the lakes.  
 
 

Grassed Waterway  6 acres 

 
 

 
 
 
 
 
 
 

Grade Stabilization 
1 

structure 

Prescribed Grazing 
14.2 
acres 

Repair: Terraces/Water 
and Sediment Control 
Basins (638) 

17,300 ft. 

Grassed Waterway  4 acres 
Phase 2 

Years 5-8 
NRCS 

Table continued on the next page 
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Goal 1: Reduce sediment 
delivery and non-point 

source pollution from the 
watershed to at or below 

TMDL limits 

 
Objective 1: Reduce sediment 
delivery to Lake of the Hills by 
75.7% (2,344 tons/year), resulting 
in no more than 753 t/y being 
delivered to the lakes. 

 
 
 

Objective 2. Reduce phosphorus 
delivery from erosion sources to 
Lake of the Hills by 48.6% (2,314.5 
pounds/year), resulting in no 
more than 1,030 pounds/year 
being delivered to the lakes.  
 
 
 
 
 
 
Objective 3. Reduce phosphorus 
delivery from impervious surfaces 
to the Lake of the Hills by 55% 
(299 pounds/year), resulting in no 
more than 245 pounds/year being 
delivered to the lake. 

 
 
 
 

Target conservation 
practices on priority 

upland areas within the 
watershed. 

Grade Stabilization 
8 

structures 

Prescribed Grazing 
18.8 
acres 

Repair: Terraces/Water 
and Sediment Control 
Basins (638) 

3,025 ft. 

Management practices 
such as: Cover Crops, 
No-till, and Nutrient 
Management 

408 acres 
Phase 3 

Years 9 - 12 
NRCS 

Management practices 
such as: Cover Crops, 
No-till, and Nutrient 
Management 

272 acres 
Phases 4 & 5 
Years 13 - 20 

NRCS 

Implement conservation 
practices on publically 

owned impervious 
surfaces within the 

watershed. 

Explore mitigation practices for the 
Recycling Center by Railroad Lake 

Phases 1 - 5 
Years 1 - 20 

Scott 
County 

Explore mitigation practices for the 
Rolling Hills Picnic Area 

Explore mitigation practices for the 
West Lake Road 

Explore mitigation practices for the 
Small Beach Parking Lot 

Explore mitigation practices for the 
Large Beach Parking Lot 

Target restoration 
activities on sediment in 
Lake of the Hills and 
eroding bank locations. 

See Goal 2, Objective 1 
 

Table continued on the next page 

Table 13. Implementation schedule continued… 
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Goal Objective Strategy Action 
Completion 

Timeline 
Lead 

Entity(s) 

Goal 2: Restore the 
Fishery with in-lake 

phosphorus levels at or 
below TMDL limits 

Objective 1:Regain storage 
capacity of lakes and remove 
nutrient rich sediment, resulting in 
overall reduction of 583 
pounds/year 

Remove excess sediment 
from the Lakes in the 
Lake of the Hills complex 

Conduct sediment assessment to 
determine precisely where in each 

lake, and how much, sediment needs 
to be removed Phase 1 

Years 1 - 4 

Scott 
County 

and Iowa 
DNR 

Remove sediment from (in order of 
priority) Blue Grass, Railroad, 

Lambach, and coves of Lake of the 
Hills 

Objective 2: Reduce bank erosion 
Target restoration 

activities on eroding bank 
locations 

Prioritize bank armoring based on 
severity of bank erosion, beginning 
with high priority areas in Lake of 
the Hills, then Railroad, then Blue 

Grass, and finally Lambach 

Phase 2 
Years 5 - 8 

Scott 
County 

and Iowa 
DNR 

Objective 3: Reduce sediment 
delivery to the lake complex 

Target restoration 
activities on sediment 
loading source points 

Consider building retention ponds 
above Blue Grass and Lambach Lakes 

Phases 1 & 2 
Years 9 - 12 

Scott 
County 

and Iowa 
DNR 

Consider in-lake silt dams in the 
upper end of Blue Grass and 

Lambach Lakes 
 
 
 
 
 
 
 

 
 

Table continued on the next page 

Table 13. Implementation Schedule continued… 
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Goal Objective Strategy Action 
Completion 

Timeline 
Lead 

Entity(s) 
 
 
 
 
 
Goal 3. Engage local 
stakeholders in increasing 
the understanding of 
water quality issues and 
create lasting methods 
for maintaining and 
improving water quality 
in Lake of the Hills. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Objective 1. Share information 
about the watershed planning 
process, goals, and 
implementation timeline 
 

 
 
 
 
 

Host public meetings 
 
 
 
 
 

 
 

Host one meeting at the Scott 
County Administrative Facility 

 
 
 

Phase 1 
Years 1 – 4 

 
 

 
Scott 

County 
and 

Partners 
 

Participate in Partners monthly 
public education forum 

 
Objective 2. Work with 
landowners and operators to 
implement conservation practices 
on private lands for reducing 
sediment and nutrient inflows to 
Lake of the Hills. 
 

 
Interview and/or survey 
landowners/operators to 
better understand their 
needs and interest 

 
 
Set-up one-on-one meetings or focus 
groups with landowners/operaters 
in the watershed 

Phase 1 
Years 1 - 4 

NRCS and 
Partners 

Objective 3. Engage multiple 
stakeholder groups.  

Implement a public 
engagement campaign 

Develop marketing materials 
including logo, slogan, brochure, 

poster, pledge, stickers infographic 
 

Phases 1 - 5 
Years 1 - 20 

Scott 
County 

and 
Partners 

 
Disseminate information online, and 
through conventional media outlets 

 

Explore partnership opportunities 
with local and regional groups and 

events such as the Earth Week 
Coalition, Quad City Triathlon, 

Extreme Clean Up 
 

Install watershed entry/boundary  
signs 

Table 13. Implementation Schedule continued… 

Table continued on the next page 



 

Lake of the Hills Watershed Management Plan Page 54 

 
 
Objective 4. Evaluate progress of 
public engagement 

 
 
Conduct periodic follow-
up surveys with 
landowner/producers; 
conduct surveys on 5-
year watershed plan 
update cycle. 
 

 
 
Create and disseminate survey 

Phase 2 
Years 5 - 8 

Scott 
County 

and 
Partners 

Table 13. Implementation schedule continued… 

Table 13. Implementation schedule continued… 
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9.   Public Outreach/Education 
 
Results from past research indicate the people’s actual behavior patterns must be brought into the 
design of both best management practices and implementation strategies for water quality programs.  
To effect changes in behavior there must be strategies in place to direct education and outreach to the 
target audience. The following will guide public outreach activities in the Lake of the Hills watershed.   
 

1. Plan Goals 
 

o Reduce sediment delivery and non-point source pollution to at or below TMDL limits  
o Restore the Lake of the Hills Fishery  
o Engage local residents and stakeholders to increase collective understanding of water quality 

issues and create lasting methods for maintaining and improving water quality in Lake of the 
Hills. 

o Monitor and evaluate sediment and loading reductions to Lake of the Hills.  

 
2. Target Audiences  

Who will be needed in order to make changes to the land and water? 

 Landowners (Agricultural) 

 Tenants (Agricultural) 

 Rural and urban residents 

 Managers of publically owned land 

 Iowa NRCS 

 Iowa Department of Natural Resources 
 
Who will be depended upon to advance this project? 

 Scott County Soil and Water Conservation District 

 Scott County Conservation Board 

 Partners of Scott County Watersheds 

 Scott County Board of Supervisors 

 Iowa Department of Ag and Land Stewardship 

 Iowa Department of Natural Resources 

 Iowa NRCS 
 

3. Use Research to Develop Outreach Strategy 
 

Potential outreach strategies 
 

 Develop an annual outreach plan/schedule that coordinates with key seasons/dates 
(e.g. – spring planting season) to ensure messages and activities are received by the 
correct audience. 

 Identify/develop/seek to secure funding sources to offset the cost of installation 
practices. 

 Identify opportunities to have direct exposure to members of the target audiences 
and/or one to one conversations with individuals to engage with them about lakes 
restoration, targeted areas of concern, cost share options, and other related activities.  
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10.   Resource Needs 
 

In order to accomplish the goals and objectives in this plan, both agricultural and impervious BMPs are 
needed. Table 14, Agricultural Resource Needs and Table 15, Impervious Surface Resource Needs show 
cost estimates for installing each needed BMP. The total resource needs for establishing both urban and 
agricultural BMPs is $553,075.50. 
 
Table 14. Agricultural Resource Needs 

Practice 

No. for the 
Entire 

Watershed 

Blue Grass  
Sub-Basin 

Blue 
Grass  

Sub-Basin 
Cost 

Lake 
Canyada 

Sub-Basin 

Lake Canyada 
Sub-Basin 

Cost 

Total 
Estimated 

Cost 

Terrace/Water 
and Sediment 
Control Basin 

1,200 Feet 1,200 Feet $18,000 0 Feet $0 $18,000  

Grassed 
Waterway 

10 Acres 6 Acres $30,000 4 Acres $20,000 $50,000  

Grade 
Stabilization 

9 Structures 1 Structure $9,500 8 
Structures 

$76,000 $85,500  

Prescribed 
Grazing 

33 Acres 14.2 Acres $2,840 18.8 Acres $3,760 $6,240  

Terrace/Water 
and Sediment 
Control Basin 

Repairs 

20,325 Feet 17,300 
Feet 

$77,853 3,025 Feet $13,612.50 $91,465.50  

TOTAL      $137,833  $113, 372.50 $251,205.50 
 
 

Location Possible Practices Estimated 
Cost12 

Recycling Center by 
Railroad Lake 

 Rain garden with retaining wall: extend the garden the length of the parking 
lot, utilize a sub-drain with stand pipe and temporary pond 

 Soil quality restoration: tine in a semi-load of compost 

$38,373 

Rolling Hills Picnic Area  Islands and bioswales throughout the parking lot 

 Permeable pavers around the perimeter of the parking lot 

 Turn spillway into a bioswale with a dry retention basin 

 Establish wetlands for the spillway to drain into  

$72,153 

West Lake Road  Use permeable paving for infiltration along the shoulders 

 Fill in the ditches 

$13,520 

Small Beach Parking Lot Bio-retention cell on the contour or in the southwest corner $29,653 

Large Beach Parking Lot  Infiltration trench: as wide and as deep as necessary, starting from where 
the scour on the lot starts, cap with grid fabric and grass it, engineer sub-
grade and load bearing 

 Divide lot into sub drainage areas and create smaller infiltration trenches (a 
segmented trench approach) 

$147,813 

TOTAL Cost Estimate $301, 512 

                                                 
12 These are rough cost estimates based on expert experience, but an accurate figure will be needed after a BMP is designed. The 

estimates are based on needing 10% of the impervious surface area for retention and a $20/ft^2 cost 

Table 15. Impervious Surface Resource Needs 
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Appendices 

Appendix A. Glossary of Terms and Acronyms 

 
303(d) list: Refers to section 303(d) of the Federal Clean Water Act, which requires 

a listing of all public surface water bodies (creeks, rivers, wetlands, and 
lakes) that do not support their general and/or designated uses.  Also 
called the state’s “Impaired Waters List.” 

  
305(b) assessment: Refers to section 305(b) of the Federal Clean Water Act, it is a 

comprehensive assessment of the state’s public water bodies ability to 
support their general and designated uses.  Those bodies of water 
which are found to be not supporting or just partially supporting their 
uses are placed on the 303(d) list.    

  
319: Refers to Section 319 of the Federal Clean Water Act, the Nonpoint 

Source Management Program.  Under this amendment, States receive 
grant money from EPA to provide technical & financial assistance, 
education, & monitoring to implement local nonpoint source water 
quality projects.  

AFO: Animal Feeding Operation.  A livestock operation, either open or 
confined, where animals are kept in small areas (unlike pastures) 
allowing manure and feed become concentrated.     

  
Base flow: The fraction of discharge (flow) in a river which comes from ground 

water. 
  
BMIBI: Benthic Macroinvertebrate Index of Biotic Integrity.  An index-based 

scoring method for assessing the biological health of streams and 
rivers (scale of 0-100) based on characteristics of bottom-dwelling 
invertebrates.         

  
BMP: Best Management Practice.  A general term for any structural or 

upland soil or water conservation practice.  For example terraces, grass 
waterways, sediment retention ponds, reduced tillage systems, etc.   

  
CAFO: Confinement Animal Feeding Operation.  An animal feeding operation 

in which livestock are confined and totally covered by a roof, and not 
allowed to discharge manure to a water of the state. 

  
Credible data law: Refers to 455B.193 of the Iowa Administrative Code, which ensures 

that water quality data used for all purposes of the Federal Clean 
Water Act are sufficiently up-to-date and accurate. 
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Cyanobacteria (blue-
green algae): 

Members of the phytoplankton community that are not true algae but 
can photosynthesize.  Some species can be toxic to humans and pets.     

  
Designated use(s): Refer to the type of economic, social, or ecologic activities that a 

specific water body is intended to support.   
  
DNR (or IDNR): Iowa Department of Natural Resources.   
  
Ecoregion: A system used to classify geographic areas based on similar physical 

characteristics such as soils and geologic material, terrain, and 
drainage features.  

  
EPA (or USEPA): United States Environmental Protection Agency.   
  
FIBI: Fish Index of Biotic Integrity.  An index-based scoring method for 

assessing the biological health of streams and rivers (scale of 0-100) 
based on characteristics of fish species.           

  
FSA: Farm Service Agency (United States Department of Agriculture).  

Federal agency responsible for implementing farm policy, commodity, 
and conservation programs.     

  
General use(s): Refer to narrative water quality criteria that all public water bodies 

must meet to satisfy public needs and expectations.   
  
GIS: Geographic Information System(s).  A collection of map-based data 

and tools for creating, managing, and analyzing spatial information. 
  
Gully erosion: Soil movement (loss) that occurs in defined upland channels and 

ravines that are typically too wide and deep to fill in with traditional 
tillage methods.   

  
HEL: Highly Erodible Land.  Defined by the USDA Natural Resources 

Conservation Service (NRCS), it is land which has the potential for long 
term annual soil losses to exceed the tolerable amount by eight times 
for a given agricultural field.   

  
Integrated report: Refers to a comprehensive document which combines the 305(b) 

assessment with the 303(d) list, as well as narratives and discussion of 
overall water quality trends in the state’s public water bodies.  The 
Iowa Department of Natural Resources submits an integrated report to 
the EPA biennially in even numbered years.   

  
LA: Load Allocation.  The fraction of the total pollutant load of a water 

body which is assigned to all combined nonpoint sources in a 
watershed.  (The total pollutant load is the sum of the waste load and 
load allocations.) 
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Load: The total amount (mass) of a particular pollutant in a waterbody. 
  
  
MOS: Margin of Safety.  In a total maximum daily load (TMDL) report, it is a 

set-aside amount of a pollutant load to allow for any uncertainties in 
the data or modeling.  

  
MS4 Permit: Municipal Separate Storm Sewer System Permit.  An NPDES license 

required for some cities and universities which obligates them to 
ensure adequate water quality and monitoring of runoff from urban 
storm water and construction sites, as well as public participation and 
outreach.   

  
Nonpoint source 
pollution: 

A collective term for contaminants which originate from a diffuse 
source. 

  
NPDES: National Pollution Discharge Elimination System, which allows a facility 

(e.g. an industry, or a wastewater treatment plant) to discharge to a 
water of the United States under regulated conditions.  

  
NRCS: Natural Resources Conservation Service (United States Department of 

Agriculture).  Federal agency which provides technical assistance for 
the conservation and enhancement of natural resources.   

  
Periphyton: Algae that are attached to substrates (rocks, sediment, wood, and 

other living organisms). 
  
Phytoplankton: Collective term for all self-feeding (photosynthetic) organisms which 

provide the basis for the aquatic food chain.  Includes many types of 
algae and cyanobacteria. 

  
Point source 
pollution: 

A collective term for contaminants which originate from a specific 
point, such as an outfall pipe.  Point sources are generally regulated by 
an NPDES permit. 

  
PPB: Parts per Billion.  A measure of concentration which is the same as 

micrograms per liter (µg/l). 
  
PPM: Parts per Million.  A measure of concentration which is the same as 

milligrams per liter (mg/l). 
  
Riparian: Refers to site conditions that occur near water, including specific 

physical, chemical, and biological characteristics that differ from 
upland (dry) sites.  
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RUSLE: Revised Universal Soil Loss Equation.  An empirical model for 
estimating long term, average annual soil losses due to sheet and rill 
erosion.    

  
Secchi disk: A device used to measure transparency in water bodies.  The greater 

the secchi depth (measured in meters), the more transparent the 
water. 

  
Sediment delivery 
ratio: 

A value, expressed as a percent, which is used to describe the fraction 
of gross soil erosion which actually reaches a water body of concern.   

  
Seston: All particulate matter (organic and inorganic) in the water column. 
  
Sheet & rill erosion Soil loss which occurs diffusely over large, generally flat areas of land. 
  
SI: Stressor Identification.  A process by which the specific cause(s) of a 

biological impairment to a water body can be determined from cause-
and-effect relationships.  

  
Storm flow (or 
stormwater): 

The fraction of discharge (flow) in a river which arrived as surface 
runoff directly caused by a precipitation event.  Storm water generally 
refers to runoff which is routed through some artificial channel or 
structure, often in urban areas.  

  
STP: Sewage Treatment Plant.  General term for a facility that processes 

municipal sewage into effluent suitable for release to public waters.    
  
SWCD: Soil and Water Conservation District.  Agency which provides local 

assistance for soil conservation and water quality project 
implementation, with support from the Iowa Department of 
Agriculture and Land Stewardship.  

  
TMDL: Total Maximum Daily Load.  As required by the Federal Clean Water 

Act, a comprehensive analysis and quantification of the maximum 
amount of a particular pollutant that a water body can tolerate while 
still meeting its general and designated uses. 

  
TSI (or Carlson’s TSI): Trophic State Index.  A standardized scoring system (scale of 0-100) 

used to characterize the amount of algal biomass in a lake or wetland.  
  
TSS: Total Suspended Solids.  The quantitative measure of seston, all 

materials, organic and inorganic, which are held in the water column. 
  
Turbidity: The degree of cloudiness or murkiness of water caused by suspended 

particles. 
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UAA: Use Attainability Analysis.  A protocol used to determine which (if any) 
designated uses apply to a particular water body.   

  
UHL: University Hygienic Laboratory (University of Iowa).  Provides physical, 

biological, and chemical sampling for water quality purposes in support 
of beach monitoring and impaired water assessments.  

  
USGS: United States Geologic Survey (United States Department of the 

Interior).  Federal agency responsible for implementation and 
maintenance of discharge (flow) gauging stations on the nation’s water 
bodies.   

  
Watershed: The land (measured in units of surface area) which drains water to a 

particular body of water or outlet. 
  
WLA: Waste Load Allocation.  The fraction of waterbody loading capacity 

assigned to point sources in a watershed.  Alternatively, the allowable 
pollutant load that an NPDES permitted facility may discharge without 
exceeding water quality standards. 

  
WQS: Water Quality Standards.  Defined in Chapter 61 of Environmental 

Protection Commission [567] of the Iowa Administrative Code, they 
are the specific criteria by which water quality is gauged in Iowa.   

  
WWTP: Waste Water Treatment Plant.  General term for a facility which 

processes municipal, industrial, or agricultural waste into effluent 
suitable for release to public waters or land application.    

  
Zooplankton: Collective term for all animal plankton which serve as secondary 

producers in the aquatic food chain and the primary food source for 
larger aquatic organisms. 
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Appendix B. Lake of the Hills STEP-L 
 
 
The following tables account for urban conservation in Canyada and Lake of the Hills sub-basins to remediate all urban run-off by use of dry 
retention, infiltration trenches, and buffer strips.   
 
The following tables show two scenarios – the first is a scenario is where some upland BMPs are installed, the second is a scenario in which the 
four lakes in the complex are fully functioning and acting as BMPs for Lake of the Hills. The scenario in which the lakes are fully functioning as 
BMPs shows a greater reduction in pollutants reaching the lake (23% - 81% reductions vs. .7% - 7%). However, the first scenario, showing upland 
BMPs, does not account for all BMPs planned for the watershed and assumes that gully erosion will continue although some BMPs will address 
the erosion. The second scenario, fully functioning lakes as BMPs, assumes that gully erosion will be treated by the lake catching it, and does 
incorporate planned shoreline and gully BMPs. All tables incorporate septic data from Scott County. The tool estimates sediment delivery to Lake 
of the Hills to be 3,951 tons per year and the current phosphorus delivery to be 6,931 pounds per year. 

 
 
Scenario 1: Upland BMPs, including planned terrace rehabilitation 
 
The following tables assume that new BMPs will account for 100% of pollutant loads from the Blue Grass catchment area (grassed waterways) 
and 1.2% of Lake Canyada (grassed waterways). The table does not consider prescribed grazing or grade stabilization structures in the Lake 
Canyada basin or grad stabilization structures in the Blue Grass catchment area, both of which are planned. 

 
1. Total load by subwatershed(s)             

Watershed N Load (no 
BMP) 

P Load (no 
BMP) 

BOD Load 
(no BMP) 

Sediment 
Load (no 

BMP) 

N Reduction P Reduction BOD 
Reduction 

Sediment 
Reduction 

  lb/year lb/year lb/year t/year lb/year lb/year lb/year t/year 

Lambach 530.2 147.5 1372.4 72.7 0.0 0.0 0.0 0.0 

Blue Grass 6669.4 3160.6 14972.3 2182 10.5 2.8 9.4 1.5 

Railroad 2153 682.5 5985.4 384.5 154.7 65 244.3 38.2 

Canyada 6220.4 1997.8 16309.2 1009.7 22.3 5.9 20.1 3.1 

Lake of the 
Hills 3685.3.8 942.4 11772.1 302 1164.3 220.6 91.1 35.5 

Total 19258.2 6930.7 50411.5 3950.9 1351.8 294.4 365 78.3 
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Watershed N Load (with 
BMP) 

P Load (with 
BMP) 

BOD (with 
BMP) 

Sediment 
Load (with 

BMP) 

%N 
Reduction 

%P 
Reduction 

%BOD 
Reduction 

%Sed 
Reduction 

  lb/year lb/year lb/year t/year % % % % 

Lambach 530.2 147.5 1372.4 72.7 0.0 0.0 0.0 0.0 

Blue Grass 6658.9 3157.8 14962.9 2180.5 .2 .1 .1 .1 

Railroad 1998.3 617.4 5741.1 346.3 7.2 9.5 4.1 9.9 

Canyada 6198.1 1991.9 16289.2 1006.5 0.4 0.3 0.1 0.3 

Lake of the 
Hills 2521.0 721.8 11680.9 266.5 31.6 23.4 .8 11.8 

Total 17906.5 6636.3 50046.5 3872.6 7 4.2 .7 2.0 

 
 

2. Total load by land uses (with BMP)     

Sources N Load 
(lb/yr) 

P Load 
(lb/yr) 

BOD Load 
(lb/yr) 

Sediment 
Load (t/yr) 

Urban 4493.82 719.74 18343.18 103.63 

Cropland 5728.30 1490.26 11888.46 824.03 

Pastureland 1769.96 154.68 5663.97 22.10 

Forest 197.79 86.92 442.41 32.54 

Feedlots 0.00 0.00 0.00 0.00 

User Defined 0.00 0.00 0.00 0.00 

Septic 1092.13 427.75 4459.53 0.00 

Gully 4268.80 3468.00 8537.60 2668.00 

Streambank 355.68 288.99 711.36 222.30 

Groundwater 0.00 0.00 0.00 0.00 

Total 17906.48 6636.34 50046.50 3872.60 
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Scenario 2: Lakes with  Gully and Shoreline BMPs 
 

1. Total load by subwatershed(s)             

Watershed N Load (no 
BMP) 

P Load (no 
BMP) 

BOD Load 
(no BMP) 

Sediment 
Load (no 

BMP) 

N Reduction P Reduction BOD 
Reduction 

Sediment 
Reduction 

  lb/year lb/year lb/year t/year lb/year lb/year lb/year t/year 

Lambach 530.2 147.5 1372.4 72.7 169.7 52.7 209.3 48.8 

Blue Grass 6669.4 3160.6 14972.3 2182.0 4301.9 1450.2 6686.4 1843.9 

Railroad 2153.0 682.5 5985.4 384.5 670.3 304.1 1112.6 318.5 

Canyada 6220.4 1997.8 16309.2 1009.7 2660.9 804.1 3280.1 763.5 

Lake of the 
Hills 3685.3 942.4 11772.1 302.0 1486.8 423.9 736.2 237.1 

Total 19258.2 6930.7 50411.5 3950.9 9289.5 3035.0 12024.6 3211.8 

 

Watershed N Load 
(with BMP) 

P Load (with 
BMP) 

BOD (with 
BMP) 

Sediment 
Load (with 

BMP) 

%N 
Reduction 

%P 
Reduction 

%BOD 
Reduction 

%Sed 
Reduction 

  lb/year lb/year lb/year t/year % % % % 

Lambach 360.5 94.7 1163.1 24.0 32.0 35.8 15.3 67.0 

Blue Grass 2367.5 1710.4 8285.9 338.1 64.5 45.9 44.7 84.5 

Railroad 1482.7 378.4 4872.8 66.0 31.1 44.6 18.6 82.8 

Canyada 3559.5 1193.7 13029.2 246.2 42.8 40.2 20.1 75.6 

Lake of the 
Hills 2198.5 518.5 11035.8 64.9 40.3 45.0 6.3 78.5 

Total 9968.7 3895.7 38386.9 739.1 48.2 43.8 23.9 81.3 
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2. Total load by land uses (with BMP)     

Sources N Load 
(lb/yr) 

P Load 
(lb/yr) 

BOD Load 
(lb/yr) 

Sediment 
Load (t/yr) 

Urban 4493.82 719.74 18343.18 103.63 

Cropland 1987.83 517.62 8623.38 313.86 

Pastureland 1769.96 154.68 5663.97 22.10 

Forest 197.79 86.92 442.41 32.54 

Feedlots 0.00 0.00 0.00 0.00 

User Defined 0.00 0.00 0.00 0.00 

Septic 1092.13 427.75 4459.53 0.00 

Gully 427.20 1988.98 854.40 267.00 

Streambank 0.00 0.00 0.00 0.00 

Groundwater 0.00 0.00 0.00 0.00 

Total 9968.72 3895.69 38386.86 739.13 
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Appendix C. Stocking History 
 
 
  

Date Water Species Number Size 
08-Jun-72 Lake of 

the Hills 
LMB ll,400 fry 

15-Sep-72 Lake of 
the Hills 

LMB 5,700 fing. 

19-Apr-73 Lake of 
the Hills 

GOS 98 7-9" 

25-Apr-73 Lake of 
the Hills 

GOS 98 6-9" 

02-Oct-73 Lake of 
the Hills 

CCF 2,000 lg. fing. 

09-Jun-75 Lake of 
the Hills 

LMB 500 fry 

31-Aug-76 Lake of 
the Hills 

CCF 570 7" 

25-Sep-78 Lake of 
the Hills 

CCF 570 7" 

26-Sep-79 Lake of 
the Hills 

CCF 570 6-8" 

28-Sep-80 Lake of 
the Hills 

CCF 2,850 8" 

22-Apr-81 Lake of 
the Hills 

WAM 560 6" 

21-Jul-81 Lake of 
the Hills 

NXM 300 6 inch 

28-Sep-81 Lake of 
the Hills 

CCF 2,800 7" 

27-Sep-82 Lake of 
the Hills 

CCF 2860 7" 

16-Oct-86 Lake of 
the Hills 

CCf 2800 5.5" 

16-Oct-89 Lake of 
the Hills 

CCF 2800 5.5" 

28-Aug-90 Lake of 
the Hills 

CCF 1307 7 inch 

13-Oct-92 Lake of 
the Hills 

CCF 1097 8 inch 

06-Oct-93 Lake of 
the Hills 

CCF 975 7 inch 

 

Species Codes 

LMB Largemouth 
Bass 

GOS Golden Shiner 

CCF Channel Catfish 

WAM White 
Amur/Grass 
Carp 

NXM Tiger Musky 

BLG Bluegill 

RAT Rainbow Trout 

BKT Brook Trout 

WC or 
WHC 

White Crappie 
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01-Oct-94 Lake of 
the Hills 

CCF 3584 2 inch 

01-May-
95 

Lake of 
the Hills 

CCF 3584 2 inch 

23-Sep-96 Lake of 
the Hills 

CCF 1708 7 inch 

26-Aug-97 Lake of 
the Hills 

CCF 2240 7 inch 

25-Sep-98 Lake of 
the Hills 

CCF 2800 7 inch 

01-Oct-99 Lake of 
the Hills 

CCF 2800 7 inch 

21-Aug-00 Lake of 
the Hills 

CCF 2800 7 inch 

26-Sep-01 Lake of 
the Hills 

CCF 2800 7 inch 

18-Jul-02 Lake of 
the Hills 

CCF 2800   

08-Oct-03 Lake of 
the Hills 

CCF 2800 7" 

22-Sep-04 Lake of 
the Hills 

CCF 2800 6" 

01-Oct-05 Lake of 
the Hills 

CCF 2800 7" 

01-Oct-06 Lake of 
the Hills 

CCF 2800 7" 

21-Oct-06 Lake of 
the Hills 

RAT 1500 12-14" 

13-Jan-07 Lake of 
the Hills 

RAT 1500 12-14" 

20-Oct-07 Lake of 
the Hills 

RAT 1500 12-14" 

12-Jan-08 Lake of 
the Hills 

RAT 1500 2-3/lb 

29-Mar-08 Lake of 
the Hills 

RAT 1500 2-3/lb 

10-Sep-08 Lake of 
the Hills 

CCF 2800 7" 

08-Nov-08 Lake of 
the Hills 

RAT 1800 2-3/lb 
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14-Mar-09 Lake of 
the Hills 

RAT 1800 2-3/lb 

17-Oct-09 Lake of 
the Hills 

RAT 2250 2-3/lb 

09-Sep-10 Lake of 
the Hills 

CCF 2800 10-12" 

23-Mar-12 Lake of 
the Hills 

RAT 1800 12" 

23-Mar-12 Lake of 
the Hills 

BKT 200 12" 

20-Sep-12 Lake of 
the Hills 

CCF 2799 7-10" 

20-Oct-12 Lake of 
the Hills 

RAT 2000 12" 

23-Mar-13 Lake of 
the Hills 

RAT 1800 12" 

23-Mar-13 Lake of 
the Hills 

BKT 200 12" 

23-Mar-13 Lake of 
the Hills 

RAT 3 Brood 

19-Oct-13 Lake of 
the Hills 

RAT 2000 12" 

19-Oct-13 Lake of 
the Hills 

RAT 5 broodstock 

07-Mar-14 Lake of 
the Hills 

RAT 1800 12" 

07-Mar-14 Lake of 
the Hills 

BKT 200 12" 

07-Mar-14 Lake of 
the Hills 

RAT 6 Brood 

23-Sep-14 Lake of 
the Hills 

CCF 990 8" 

11-Oct-14 Lake of 
the Hills 

RAT 1800 2/lb 

11-Oct-14 Lake of 
the Hills 

BKT 6 brood 
stock 

20-Mar-15 Lake of 
the Hills 

BKT 200 12" 

20-Mar-15 Lake of 
the Hills 

RAT 1800 12" 

 

 

 



 

Lake of the Hills Watershed Management Plan Page 70 

Appendix D. Fisheries Sampling 
 

 

 
      Graph 1. Large Mouth Bass Sample 

 
 
 

 
     Graph 2. White Crappies Sample 
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          Graph 3. Blue Gills Sample 
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Appendix E. Maps 
 

Culverts and Tile Outfalls 
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Knick Point and Head Cut Erosion 
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Septic Systems 
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Appendix F. Future Monitoring 
 
 
The following is a draft of the monitoring plan for the Lake of the Hills TMDL being written by 
the Iowa DNR. Any “Figure” and “Table” references are in regards to the 2016 TMDL, not this 
Watershed Management Plan. 
 
Future Monitoring 
 
Water quality monitoring is critical for assessing the current status of water resources as well as 
historical and future trends. Furthermore, monitoring is necessary to track the effectiveness of 
best management practice (BMP) implementation and to document attainment of total 
maximum daily loads (TMDLs) and progress towards water quality standards (WQS).  
 
Volunteer-based monitoring efforts should include an approved water quality monitoring plan, 
called a Quality Assurance Project Plan (QAPP), in accordance with Iowa Administrative Code 
(IAC) 567-61.10(455B) through 567-61.13(455B). The IAC can be viewed here: 
https://www.legis.iowa.gov/docs/iac/chapter/567.61.pdf 
 
Failure to prepare an approved QAPP will prevent data collected from being used to evaluate 
waterbody in the 305(b) Integrated Report – the biannual assessment of water quality in the 
state, and the 303(d) list – the list that identifies impaired waterbodies. 
 
Routine Monitoring for Water Quality Assessment 
 
Data collection in Lake of the Hills to assess water quality trends and compliance with water 
quality standards (WQS) will include monitoring conducted as part of the DNR Ambient Lake 
Monitoring Program. This is the same source of data used to develop the TMDL. The Ambient 
Lake Monitoring Program was initiated in 2000 in order to better assess the water quality of 
Iowa lakes. Currently, 138 of Iowa’s lakes are sampled as part of this program, including Lake of 
the Hills. Typically, one location near the deepest part of the lake is sampled, and many 
chemical, physical, and biological parameters are measured.  
 
The Beach Monitoring Program consists of routine E. coli monitoring at state and county park 
beaches and locally managed beaches throughout Iowa. The beaches are sampled at least two 
times per week from Memorial Day to Labor Day. The reported E. coli concentration for a 
particular sampling event is typically a composite sample average of nine sampling points 
collected at three approximate depths (ankle, knee, and chest) at three locations (e.g., left, 
middle, right) along the beach.  
 
Sampling parameters are reported in Table 5-1. At least three sampling events are scheduled 
every summer, typically between Memorial Day and Labor Day. While the ambient monitoring 
program can be used to identify trends in overall, in-lake water quality, it does not lend itself to 

https://www.legis.iowa.gov/docs/iac/chapter/567.61.pdf
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calculation of watershed loads, identification of individual pollutant sources, or the evaluation 
of BMP implementation. 
Ambient Lake Monitoring Program water quality parameters 

Chemical Physical Biological 

 Total Phosphorus (TP)  Secchi Depth  Chlorophyll a 

 Soluble Reactive 
Phosphorus (SRP) 

 Temperature 
 Phytoplankton (mass 

and composition) 

 Total Nitrogen (TN)  Dissolved Oxygen (DO) 
 Zooplankton (mass and 

composition) 

 Total Kjeldahl Nitrogen 
(TKN) 

 Turbidity  

 Ammonia 
 Total Suspended Solids 

(TSS) 
 

 Un-ionized Ammonia 
 Total Fixed Suspended 

Solids 
 

 Nitrate + Nitrite 
Nitrogen 

 Total Volatile 
Suspended Solids 

 

 Alkalinity  Specific Conductivity  

 pH  Thermocline Depth  

 Total Organic Carbon  Lake Depth  

 Total Dissolved Solids   

 Dissolved Organic 
Carbon 

  

 
Expanded Monitoring for Detailed Analysis 
 
Data available from the Iowa DNR and IGS Beach Monitoring Program and the Iowa DNR 
Ambient Lake Monitoring Program will be used to assess general water quality trends and WQS 
violations and attainment. More detailed monitoring data is required to reduce the level of 
uncertainty associated with water quality trend analysis, better understand the impacts of 
implemented watershed projects (i.e., BMPs), and guide future water quality modeling and 
BMP implementation efforts.  
 
If the goal of monitoring is to evaluate spatial and temporal trends and differences in water 
quality resulting from implementation of BMPs, a more intensive monitoring program will be 
needed. Table 5-2 outlines potential locations, type of monitoring, parameters collected, and 
the purpose of each type of data collected as part of an expanded monitoring effort. It is 
unlikely that available funding will allow collection of all data included in Table 5-2, but the 
information should be used to help stakeholders identify and prioritize data needs.  
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Recommended monitoring plan 

Parameter(s) Intervals Duration 1Location(s) 

Routine grab 
sampling for flow, 
sediment, P, and 
N 

Every 1-2 weeks April through October 

All lake system inlets 
and outlets, ambient 
location in Lake of the 
Hills 

Continuous flow 15-60 minute April through October 
Lake of the Hills inlet & 
outlet 

Continuous pH, 
DO, and 
temperature 

15-60 minute April through October 

3 in-lake sites: Lake of 
the Hills, Blue Grass 
Lake, and Lake 
Canyada 

Runoff event 
flow, sediment, P, 
and N 

15-60 minute 
intervals during 
runoff 

5 events between 
April and October 

All lake inlets & outlets 
and select tributary 
sites 

Wet and dry 
weather flow, 
sediment, P, and 
N 

Hourly during 
wet and dry 
weather  

10 to 14-day periods 
(multiple wet and dry 
weather periods)  

All lake inlets & outlets 
and select tributary 
sites 

Event or 
continuous tile 
drain flow, N, and 
P sampling 

15-60 minute 

10 to 14-day wet 
weather periods if 
continuous sampling 
is not feasible 

Select tile and/or gully 
locations 

Erosion pin grid 
Seasonally, 
after heavy 
rainfall events 

April through October Select gully locations 

Shoreline 
mapping, 
bathymetry 
studies 

After dredging 
or construction, 
every 5 years 

Design lifespan of 
waterbody 

Blue Grass Lake, new 
sediment control 
basins 

1Tributary, tile drain, and gully site selection to be based on suspected pollutant source  
 location, BMP placement, landowner permission, and access/installation feasibility. 
2There are several MST approaches. Methodology should be researched and based  
 on feasibility, cost, and advantage/disadvantages of each method. If budget does not  
 allow for true MST methods, fluorometry or caffeine detection could be utilized in  
 conjunction with E. coli sampling to detect human sources of wastewater. 

 
It may be useful to divide the recommended monitoring plan into several tiers based on ease of 
deployment and cost effectiveness. This will help stakeholders and management personnel best 
direct their resources. This monitoring plan may be reevaluated at any time to change the 
management strategy. Data collection should commence before BMPs are implemented in the 
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watershed to establish baseline conditions. Selection of tributary sites should consider location 
of BMPs, location of historical data (for comparative purposes), landowner permission (if 
applicable), and logistical concerns such as site access and feasibility of equipment installation 
(if necessary). This data could form the foundation for assessment of water quality trends; 
however, more detailed information will be necessary to make any statements about water 
quality trends with certainty. Therefore, routine grab sampling should be viewed only as a 
starting point for assessing trends in water quality. 
 
Depending on how BMPs are deployed in the watershed, there are two distinct options for 
tracking sediment fate and transport. Bathymetry studies can be conducted on existing and 
proposed sediment basins upstream of Lake of the Hills, with Blue Grass Lake and newly 
constructed sediment basins in basins W5 and W8 providing the best dataset. These 
bathymetry studies would be conducted at the time of implementation of either new 
construction or dredging rehabilitation and every five years after. This will help gather 
information to confirm the operational lifespan of the sediment control structure. 
 
If there are no plans to construct new sediment control structures, then an erosion pin grid 
could be used to quantify the rate at which head cutting, gully, and streambank sloughing 
occurs. These would be fairly cheap to implement and maintain, with periodic checks occurring 
seasonally or after large runoff events. The rate at which erosion occurs can provide useful 
information on the success of upstream BMPs. 
 
Tier 1 
Automated data recorded by ISCO devices would provide information on continuous flow, and 
continuous pH, DO, and temperature. Routine grab sampling for flow, sediment, P, and N will 
help provide a check on the automated sampling. In addition to routine sampling, runoff event 
sampling for event flow, sediment, and N will help show the effects of high recurrence interval 
events. Locations and sampling approaches would include the ambient monitoring station, Lake 
of the Hills beach, outlets of all five lakes, and upstream tributaries as discussed in the above 
table as shown in Figure 5-1. Continuous flow data at the inlets and outlet of the lake would 
improve the predictive ability and accuracy of modeling tools, such as those used to develop 
the TMDL for Lake of the Hills. Reliable long-term flow data is also important because hydrology 
drives many important processes related to water quality, and a good hydrologic data set will 
be necessary to evaluate the success of BMPs such as reduced-tillage, sediment control 
structures, terraces and grassed waterways, riparian buffers, and wetlands. 
 
Tier 2 
If automated sampling devices cannot be procured, then grab samples should continue on a 
routine and runoff event based schedule. Flow data may be recorded by area-velocity 
measurements, or manual flow readings based on developed rating curves. Locations and 
sampling approaches would include the ambient monitoring station, Lake of the Hills beach, 
and outlets of all five lakes. 
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Tier 3 
Targeted grab sampling of the Lake of the Hills ambient monitoring point should be continued 
on a bi-weekly basis. Grab samples on a seasonal basis at the outlets of Blue Grass Lake and 
Lake Canyada would be done to support data provided by the main lake. 
 
Tier 4 
The most basic of monitoring plan would continue the existing monitoring done at the ambient 
location and beach of Lake of the Hills. 
 
The proposed monitoring information would assist utilization of watershed and water quality 
models to simulate various scenarios and water quality response to BMP implementation. 
Monitoring parameters and locations should be continually evaluated. Adjustment of 
parameters and/or locations should be based on BMP placement, newly discovered or 
suspected pollution sources, and other dynamic factors. The IDNR Watershed Improvement 
Section can provide technical support to locally led efforts in collecting further water quality 
and flow monitoring data in the Lake of the Hills watershed. A look at how these proposed 
monitoring plans may be deployed in the Lake of the Hills watershed is shown in Figure 5-1. 
 
This expanded monitoring information would improve statistical analysis for evaluating changes 
and/or trends in water quality over time. Additionally, more detailed data could be used to 
improve/develop watershed and water quality models for simulation of implementation 
scenarios and prediction of water quality response. Monitoring parameters and locations 
should be continually evaluated. Adjustment of parameters and/or locations should be based 
on BMP placement, newly discovered or suspected pollution sources, and other dynamic 
factors. The DNR Watershed Improvement Section can provide technical support to locally led 
efforts in collecting further water quality and flow monitoring data in the Lake of the Hills 
watershed. 
 

 


