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PREFACE

Since the 1960’s, Water Resources Management (WRM) students have taken on a myriad of water
resource management issues within various social settings, ranging from Native American reservations
in rural northern Wisconsin to problems that arise in urban watersheds. The practicum experience
gives students the tools and training that they need to obtain employment in this evolving, interdisci-
plinary field.
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EXECUTIVE

SUMMARY

Sedimentation and water quality problems have
long been an issue for Lake Mills residents living
on or near the Miljala Channel, a small inlet on the
western shore of Rock Lake. Expensive and frequent
dredging has been required, and the permit for the
turbidity curtain installed in the channel will soon
expire. The Rock Lake Improvement Association
(RLIA), in partnership with private consultants and
the Jefferson County Land and Water Conservation
Department (LWCD), conducted a 2009-2010 study
that reported phosphorus and bacterial concen-
trations above state and federal limits. The study
identified an agricultural drainage ditch that drains
most of the watershed as the major source of sedi-
ment and water quality problems.

This report presents research conducted by the
University of Wisconsin (UW)-Madison Water
Resources Management (WRM) practicum in 2011
and 2012, as part of a Wisconsin Department of
Natural Resources (DNR) lake planning grant secured
by the RLIA. Our goals were to collect additional
information about the sources of contaminants and
the hydrology of the watershed. This information will
provide the basis for an engineering design and help
stakeholders make an informed decision on manage-
ment practices.

The research included phosphorus and bacte-
rial sampling during both stormflow and baseflow
conditions, grain size analysis of sediments collected
behind the turbidity curtain, automated monitoring
of water levels in the drainage ditch and in shal-
low monitoring wells, and computer modeling of
runoff. Because of the drought, we were unable to
observe and characterize many runoff-producing
storms. Plans for in-stream sediment monitoring and
baseflow computer modeling had to be abandoned.

Nevertheless, we were able to draw some conclu-
sions as to the source of contaminants and strategies
for management.

Here are a few of our conclusions:

e Phosphorus and bacterial levels in the drain-
age ditch remained high during the study
period and are likely to persist without
changes in management.

e Septic or sewer leaks and groundwater can
be ruled out as sources of contaminants.

e Manure applied to farm fields is a likely
source of both phosphorus and bacteria,
although wildlife could also be a contributor.

e Alarge proportion of the sediment was
found to be fine sand, which suggests that
most of the sediment is eroded and trans-
ported during heavy rains (greater than 1
inch) rather than during baseflow.

e Infiltration tests, well monitoring, and flow
monitoring showed that soils in the area
have a high capacity to infiltrate rainfall,
especially the Houghton muck, making
surface runoff minimal and suggesting that
ponds or wetlands for sediment control
could be smaller than previously assumed.
Preliminary estimates suggest that 2-3 acres
may be sufficient for effective treatment.
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The following recommendations for future action
address the environmental concerns of the Miljala
Channel watershed through farm field management
changes, the restoration of wetlands, measures
to minimize bank erosion, and suggested regula-
tory standards to address future development.
Implementing these recommendations will only
require a modest land area, making them likely to be
acceptable to private landowners. Wetland restora-
tion in Korth Park is key because of its potential not
only to improve water quality but to provide recre-
ational and habitat benefits.

~LARM _FIELD MANAGEMENT CHANGES

1. Update the nutrient management plan of
the farm field south of Shorewood Hills Road
to reduce phosphorus and bacteria associ-
ated with manure application. Specifically,
we recommend an update to the phosphorus
index based on distance to the drainage ditch,
accompanied by an amended manure appli-
cation plan if warranted.

2. Plant denser vegetation in the buffer
strip adjacent to the farm field south of
Shorewood Hills Road to reduce runoff
velocity and allow for nutrient, bacterial and
sediment interception.

THE MILJALA CHANNEL OF Rock LAKE

MWETLAND RESTORATION

Restore shallow marsh wetlands in at least
two sections of the ditch to control nutrients,
sediment, and bacteria.

Control the velocity of peak flows during
precipitation events to minimize bank erosion
and re-suspension of deposited sediment. In
areas where wetland restoration is not possi-
ble, reduce bank erosion through streambank
stabilization, upstream detention, check
dams, or similar control structures .

~REGULATORY CHANGES

5. Update local regulatory development stan-

dards to reduce runoff potential of future
development projects, as outlined in
Wisconsin Administrative Code Chapter NR
151.121-129.




CHAPTER 1: INTRODUCTION

EBQ:!EQI ABEA ditch was created in the early 1950’s to drain agricul-
tural land through the central part of the watershed.

The Miljala Channel is a small inlet on the southwest  |n 1957 the Miljala Channel was created to provide
corner of Rock Lake in Lake Mills, Wisconsin (WI). The  |ake access to new homes. In 2000, Korth Park was

Miljala Channel watershed has an area of 178 acres established in the southeast corner of the watershed
and drains into the southwest portion of Rock Lake (approximately one-third of the park’s 89 acres are
(Figure 1.1). Land cover includes agricultural land, within the watershed), and included a native prairie

grassland, restored prairie plantings, forest, wetlands,  restoration. Residential dwellings encompass approxi-
and residential development (RLIA, 2011). Agricultural  mately 19 acres and include parts of the Shorewood
activity in the area commenced around 1880 when Hills and Cedar Lane subdivisions, along with some
the Korth family settled the land, and continues today  jsolated properties in other areas.

on a large portion of the land area in the watershed. A

ils

Miljala'er
Wateré‘ned

‘6‘ b e

FIGURE 1.1 LOCATION OF STUDY AREA
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~LNTRODUCTION TO PROBLEM

Sedimentation, phosphorus loading, and bacte-
rial contamination have been an ongoing concern
in the Miljala Channel. Since 1998, seven separate
dredgings and the installation of a sediment curtain
have been performed to maintain channel naviga-
bility and boat access to the lake. A report, Water
Quality Monitoring and Evaluation of Pollutant
Sources within the Southwest Subwatershed of Rock
Lake — compiled by the Rock Lake Improvement
Association (RLIA), Jefferson County Land and Water
Conservation Department (LWCD), and private
consulting firms — has identified a drainage ditch
created for agricultural purposes as the source of
the phosphorus and bacteria laden sediment loads
to the channel. This groundwater-fed ditch was
excavated in the mid 1950’s and drains a significant
portion of the watershed through a former wetland
and into the channel.

In addition to frequent observation of phospho-
rus and bacterial concentrations above state and
federal limits, the RLIA study concluded that muck
soil — originating from the bottom and sides of the
ditch — was the primary component of sediment
deposition occurring in both baseflow and stormflow
events. The primary consulting firm, Underwater
Habitat Investigations, LLC, recommended that the
RLIA continue the project by conducting an initial
engineering assessment based on their findings.

On May 1, 2010, the RLIA applied for a Wisconsin
Department of Natural Resources (DNR) Lake
Planning Grant to facilitate the development of a
watershed management plan. The application for a
large-scale planning grant was approved by the DNR
and provides 75% of the funding for this project,
with the remaining 25% in match funds provided by
the RLIA and the UW-Madison Nelson Institute for
Environmental Studies (RLIA, 2010). Initial provi-
sions of the grant assigned the WRM workshop with
tasks, including data collection and analysis to be

used for the creation of a report. Specific responsi-
bilities included identification of pollution sources,
monitoring of water levels and flows in the ditch and
turbidity at the Cedar Lane culvert, manual sampling
of sediment and phosphorus loading at different
ditch stages and discharges, systematic surveying

of accumulated sediment thickness in the channel,
and reviewing historical information on sediment
accumulation and dredging in the channel since

its construction in the 1950’s. The WRM workshop
was also asked to conduct bacterial source tracking
to determine the presence or absence of human
sewage contamination in the channel. Finally, WRM
students were charged with expanding public partici-
pation in order to engage stakeholders during the
project (Gaffield, 2011).

Beginning in September 2011, WRM students
worked in conjunction with the Jefferson County
LWCD, Montgomery Associates:Resource Solutions
(MARS), and the RLIA to complete an in-depth survey
of the hydrology, hydrogeology and ecology of the
landscape. The survey was conducted in order to
provide stakeholders with the additional site data
required to select a comprehensive solution to the
issues plaguing the Miljala Channel (Figure 1.2).

HISTORY OF THE AREA

The Town of Lake Mills was established in 1845
on the west side of Rock Lake, across from the City
of Lake Mills that was established only a few years
earlier. Both were at least partly ushered in with the
railroad that still runs across the southern edge of
Rock Lake. In addition to farming, the town served
largely as a place for vacation homes or cottages
because of the scenic view and recreational opportu-
nities provided by the lake. This changed somewhat
after World War Il when more year-round residents
settled the area. Permanent houses were built near
the lakeside allowing more people to take advantage
of the chance to fish, swim, and otherwise enjoy
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Rock Lake. In the 1960’s, the town was connected to
the sewer system of the City of Lake Mills. The 1970’s
and 1980’s brought a housing boom to the area, with
even more calling the town home. The most recent
census for the Town of Lake Mills shows a population
of just over 2,000 residents.

The land that now makes up Korth Park and borders
the southern end of the ditch was first settled by C.W.
Korth in 1880 (Figure 1.3). A sizable portion of the
land, approximately 100 acres, was used as a cow
pasture until about 1956. Cows were known to sink
their hooves into the muck and occasionally fall into
the ditch after it was built. The Korth family also grew
crops that were largely used as feed, including corn,
oats, and hay, on the drier areas of the land.

FIGURE 1.2
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In 1910, to facilitate the growth of those crops, drain
tiles were placed on the southern end of the Korth
property in what is now a prairie. In that same year,
the United States Geological Survey created a topo-
graphic map that showed the extent of wetlands in
the area (Figure 1.4).

According to the map, a large swath of wetlands
existed in the area where the Miljala Channel and the
ditch now reside, just north and west of the drumlins.
There was also a small patch of wetland shown just
south of Korth Lane, which today is a pond (surface
site 4 in this report). It had been a very marshy area
that neighborhood children would cross in the winter
to reach their bus stop, but had to be avoided when
the land thawed in the spring. In the early 1970’s, the
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Strasburgs, who owned this land at the time, laid
drain tile and a culvert under the road to facilitate
drainage. Today that tile is likely broken up. Though
there is likely little flow from this area towards the
ditch, it has twice been observed that water flowed
out of the drain tile towards the ditch. Both observa-
tions occurred in early spring.

Around 1951, a ditch was built on the northern
edge of the Korth property with funds from the
Korths and two other landowners along the prop-
erty line. The purpose of this ditch was to facilitate
the draining of lands to increase viable cropland.
When initially dug, the ditch was approximately 8
to 10 feet deep and 10 to 12 feet wide, with a steep

slope. Spoils were placed just to the sides of the
ditch itself. The three landowners only gained 10,

6, and 12 acres of farmland respectively, which was
not enough to justify the costs of dredging the ditch.
Years later, more ditching was completed in the
southwestern part of the watershed near the corner
of Highway S and Korth Lane; however, the land here
remained too wet to farm (Korth, 2012). The ditch,
after it was built, immediately began to erode.

In 1956 and 1957, the Miljala Channel was
constructed at the confluence of the ditch and Rock
Lake. It was created by a developer with the inten-
tion of selling lots around it and offered a means
of boat access to Rock Lake for those new homes.

FIGURE 1.3 PLAT MAP
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Along with the inland dredging to create the channel
itself, approximately 1,300 feet of shoreline on Rock
Lake, around the mouth of the channel, was dredged.
Around this same time, Shorewood Hills Road was
straightened, and Cedar Lane was constructed.
Shorewood Hills Road runs down from Shorewood
Hills west of the channel and then curls south. Upon
completion, the channel was quite deep and its
waters were clear; a perfect swimming spot for local
children (Korth, 2012). AlImost immediately, however,
the channel began to fill with sediment. Though the
northwestern area of the watershed was not consid-
ered a major runoff contributor, a culvert was built
under Shorewood Hills Road (surface site 8 in this
report). Later this was connected to the main ditch to

the south.

By August 1998, the Miljala Channel was princi-
pally non-navigable due to the amount of sediment
nearly filling it completely. Dredging was performed
to remove this sediment, which totaled 6,000 cubic
yards, 3,000 cubic yards of which were removed from
between the Cedar Lane culvert and the point where
the channel turns towards Rock Lake. The rest of the
sediment was dredged between that turn and the
lake. The sediment removed was placed on farmland
near the drainage ditch, in an area within the water-
shed agreed upon with the Wisconsin DNR (RLIA,
2011).

FIGURE 1.4 ROCK LAKE TOPOGRAPHY, 1910
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The sedimentation problem in the channel contin-
ued in subsequent years, prompting further dredging
in March 2005 and August 2009. Each time a back-
hoe was used near the Cedar Lane culvert, and the
amounts removed were 500 and 700 cubic yards,
respectively. Residents noted that approximately
three feet of sediment appeared near the culvert
between the 2005 dredging and the fall of 2007 and
that about three feet more was deposited by the
summer of 2008. It is notable that there was rather
high precipitation in those years. After the dredge in
2009, a permit was granted by the DNR for a turbid-
ity curtain to block sediment from moving through
the channel. The curtain was eventually installed
across the channel, 30 feet away from the culvert. In
2012, the permit was granted a two year extension
through August 2014.

In the late 1980’s, land on the Korth property on
Cedar Lane was subdivided and lots were sold.
Houses were built in the late 1980’s and early 1990’s
along the road, though it should be noted that
houses on the last north-south stretch of Cedar Lane
are not within the watershed. Another subdivision

emerged in the mid-1990’s north of Shorewood
Hills Road. Shorewood Meadows Drive subdivision
includes a dozen homes that lie within the water-
shed and drain through the road culvert at surface
site 8 (SS8) and into the drainage ditch.

In 2000, Dave Korth sold his remaining property to
Jefferson County to create Korth Park (RLIA, 2001).
After the park was established, ecosystem restora-
tions were undertaken, including many acres of
prairie, the shoreline of Rock Lake, an area of oak
savannah, and a wetland restoration near Rock Lake.
Additionally, Korth Lane was improved and other
aspects of the park were built, including a parking
lot, a shelter with indoor restrooms, and various
nature trails, including one connecting to the Glacial
Drumlin Trail to the south (RLIA, 2012). There are
ongoing plans to further improve the ecosystems
found within Korth Park in the future. As for the
rest of the watershed, there is still farming in the
northwest corner of the watershed and to the south
of Korth Lane, though that area typically no longer
drains past the road, and far fewer houses are being
built in recent years as compared to the 1990’s.
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CHAPTER 2:

METHODOLOGY AND RESULTS

~OVERVIEW OF METHODS

Building on the 2009 and 2010 data published in the
2011 RLIA Report, we continued to monitor water
quality in the ditch and in the navigation channel from
October 2011 through October 2012. Our surface
water sampling sites (SS1 through SS9) are shown in
Figure 2.1.

In addition to seven sampling spots along the ditch
and one sampling spot from a dock in the middle
of the navigation channel (SS9), we sampled a farm
pond south of Korth Lane (SS4) that is believed to
drain to the ditch during wet years. We used field kits
(Chemets) to regularly measure phosphate as well
as other data needed for context and quality assur-
ance, including: water temperature, air temperature,
specific conductance (which measures dissolved
minerals), pH, and dissolved oxygen. Since ground-
water is typically cooler in summer, lower in oxygen,
and higher in dissolved minerals than rainwater, this
information is also useful for determining the rela-
tive contribution of groundwater and surface water
to flows over time. We collected samples of bacteria
and phosphorus from a subset of these sites, in both
spring and summer and during both low-flow condi-
tions and after rainfall, for laboratory analysis.

In order to better understand groundwater flow
patterns in former wetlands, and to rule out ground-
water as a source of contaminants, we installed nine
piezometers (shallow groundwater-monitoring wells)
constructed of a 2 foot length of well screen (1 inch
PVC pipe with slots to admit water). The locations
of our monitoring wells (designated MW1 through
MW?9) are shown in Figure 2.2.

Piezometers were typically installed in closely-spaced
pairs (“nests”) with one screened in the Houghton

muck and another screened in the underlying silty
clay to allow for measurement of vertical flow. Water
levels in the wells were monitored as part of our
biweekly sampling, and data loggers were installed in
several wells during the summer.

We collected samples of the sediment accumulated
behind the turbidity curtain and analyzed the grain
size distribution to make some inferences about the
sources of sediment and sediment transport (Figures
2.3 and 2.4).

A data logger was installed above the Cedar Lane
culvert to continuously monitor the water level and
flow in the ditch. Together with infiltration tests and
slug tests to determine soil properties, this informa-
tion was used to inform a computer rainfall-runoff
model. Our understanding of the hydrology helped
us interpret the results of water quality sampling and
can provide the basis for the design of management
alternatives.

~EDIMENT _DEPOSITION

Sediment Source Objective

Sedimentation is a nuisance for homeowners in the
Miljala Channel who must pay for frequent dredging.
Sediment also carries contaminants like phosphorus
and bacteria that can be released into the water. Our
goal was to identify the primary sources and method
of delivery of sediment accumulated in the chan-
nel. In addition, we sought to test the conclusions
presented by previous consultants. In doing this, we
hoped to inform the RLIA and other stakeholders of
management solutions that could reduce sediment
deposition and maintenance costs to landowners.
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§S WATERSHED O MONITORING WELL SITE

Aenial Photos Taken Spring 2010 Complied by the Jefferson County Land & Water Conservation Department: March, 2012

FIGURE 2.1 AERIAL VIEW OF SURFACE WATER SITES (S$1-SS9) AND MONITORING WELLS (MW1-MW9) WITHIN
THE MILJALA CHANNEL.
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FIGURE 2.2 IMAP OF SURFACE SITES AND MONITORING WELLS WITHIN THE MILIALA CHANNEL WATERSHED.
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Sediment Source Investigation

The previous study concluded that the bottom and
sides of the drainage ditch are the primary source of
sediment. We began to question this conclusion after
analyzing the particle size distribution of the sediment
trapped behind the turbidity curtain and finding a
large proportion of sand. Three cores were taken just
prior to dredging in October 2011, with grain sizes
separated by sieve, dried, and weighed. Although
the Houghton Muck soil that forms the banks of the
drainage ditch is composed mostly of organic matter,
the material deposited behind the turbidity curtain
was only 10% organic matter, with 14% coarse sand,
58% fine sand, and 18% silt and clay by total mass
collected (Appendix D, Table D.1 and Figure D.1). A
second set of samples collected in July 2012 showed
similar results: 6% organic matter, 6% coarse sand,
62% fine sand, and 26% silt and clay (Appendix D,
Table D.2 and Figure D.2).

Having observed small gullies below the culvert at
Shorewood Hills Road, we considered that runoff

FIGURE 2.3 SEDIMENT CORE SAMPLES.
PHOTO CREDIT: STEVE NEARY, 8/21/12
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from the Shorewood Meadows subdivision could
lead to erosion of mineral soil. A crest-stage recorder
was installed at the culvert to measure the maximum
depth of water moving through the culvert during

a rainstorm. Surprisingly, the subdivision was not a
significant source of runoff during 2012. Flows were
never high enough to obtain meaningful results from
the crest stage recorder. Only on two dates was there
any evidence that water had moved through the
culvert at all; on other occasions, when we arrived
during or just after a rainfall, the barrel of the culvert
was dry or blocked with debris and the soil near the
entrance was cracked. While drought was certainly

a factor, the use of grass swales for drainage, rather
than curb-and-gutter, means that the amount and
velocity of runoff from the subdivision is much lower
than would be observed from a similar area with
traditional curb-and-gutter. Infiltration tests showed
that the soil is quite permeable (Table 2.1). The
subdivision could still be a source of runoff in wet
years when frequent rains cause the soil to become
saturated.

FIGURE 2.4 TAKING THE SECOND ROUND OF
SEDIMENT CORES. PICTURED ARE TOM BENEKE AND
STEVE NEARY. PHOTO CREDIT: MEGAN PHILLIPS, 7.11.12
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Road sand applied for traction in winter is another
possible source. It was not possible to quantify the
amount of road sand applied due to an inconsistent
spreading mechanism used by the contractor. WRM
students did notice sand collecting along the shoul-
ders of Cedar Lane on July 18, 2012, following heavy
rains. While this may be a contributing factor, our
observations of sand settling out below the culvert
outlet after heavy rains would suggest that the
majority of sand originates from or passes through
the ditch.

Sand is exposed in the bed of the ditch upstream of
SS2 and downstream of SS5 (Figure 2.5). The steep,
eroding banks upstream of SS2 also have a high sand
content. A silty clay layer underlies the Houghton
muck and may be exposed in places. We conducted
an erosion survey in April 2012 and found extensive
areas of exposed banks throughout the east to west
section of the ditch. We have also observed signs
of erosion and deposition in the crop field south of

TABLE 2.1 INFILTRATION RATE FOR TOP LAYER OF SOIL IN
INCHES PER HOUR.

Standard
Soil type Mean deviation
Casco loam 0.90 1.11
Fox loam 0.46 0.29
Fox silt loam 0.27 0.18
Houghton muck 2.18 1.00
Houghton muck (when excessively
dry) 0.16 0.14
Kidder loam 0.36 0.44
Matherton silt loam 0.30 0.17
Otter silt loam 0.75 NA
Rotamer loam 0.87 0.40
Virgil silt loam 0.21 0.13

THE MILJALA CHANNEL OF Rock LAKE

Shorewood Hills Drive; since manure is applied to
this field, sediment transported from the field would
also carry bacteria and sediment.

Ultimately, our findings do not contradict the
conclusions of the previous report that the bottom
and sides of the ditch are the major source of sedi-
ment. However, the particle size analysis clearly
shows that a large part of the sediment is trans-
ported during infrequent storms rather than during
baseflow. This observation is consistent with the
higher velocity of flow needed to erode fine sand
and keep it from settling out.

We installed a data logger to take continuous flow
measurements at the Cedar Lane culvert from March
through October of 2012. Figure 2.6 shows a hydro-
graph from spring 2012 that includes the largest
peak flow observed during the study period. A sharp
peak in the hydrograph indicates direct runoff from
the land surface, while a gradual release of water

FIGURE 2.5 SANDY SOIL NEAR SS2. PHOTO CREDIT:
STEVE NEARY, 10.5.12
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over the course of several days indicates release of component of the sediment is likely moved during
groundwater in the form of baseflow. Baseflow can be these events.

distinguished from runoff by the slope of the reces-

sion hydrograph after a rain event, as shown in Figure ~ The particle size distribution is good news for

2.8. Groundwater is the dominant source of flow management of sediment. Sands settle quickly, so

in the ditch, and the amount and velocity of flow is even a small sedimentation basin or other manage-
typically quite low. Runoff peaks were only observed ~ ment practice will be able to capture a large

after heavy rainfall of greater than 1 inch or after a proportion of the sediment loading currently clogging

significant cumulative rainfall within a week. The sand  the Miljala Channel.

Flow through Cedar Lane Culvert
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FIGURE 2.6 EXAMPLE OF CONTINUOUS FLOW DATA COLLECTED AT CEDAR LANE CULVERT.
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FIGURE 2.7 SS8 AFTER A LARGE SPRING STORM (LEFT). THERE WAS EVIDENCE OF SOME PONDED

WATER IN FRONT OF THE CULVERT, BUT THE CREST STAGE GAGE RESULTS WERE INCONCLUSIVE (RIGHT).
PHOTO CREDIT: STEVE NEARY, 5.11.12
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FIGURE 2.8 HYDROGRAPH RECESSION AFTER 1.77 INCH STORM, PLOTTED ON LOG SCALE. THE CHANGE IN
SLOPE INDICATE A SHIFT FROM QUICKFLOW TO BASEFLOW.
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FIGURE 2.9 BANK EROSION AND DEPOSITED SEDIMENT WERE
COMMON ALONG THE DITCH AFTER HEAVY PRECIPITATION EVENTS
DURING THE STUDY PERIOD. PHOTO CREDIT: STEVE NEARY,
5.11.12
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FIGURE 2.10 STEEP, ERODING AND UNDERCUT BANKS FOUND ALONG THE DITCH
IN SEVERAL PLACES. SAND IS ALSO PREVALENT IN THE DITCH, PARTICULARLY IN
BENDS WHERE VELOCITY SLOWS ENOUGH TO FORCE IT FROM THE WATER COLUMN.
PHOTO CREDIT: STEVE NEARY, 12.2.11
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EHQgEHQB”g | RANSPORT the source and extent of phosphorus loading in

Rock Lake is warranted due to the potential envi-

Phosphorus occurs naturally as a constituent ronmental degradation associated with excessive
of water as well as an input from anthropogenic phosphorus.
sources. Natural occurrences of phosphorus derive
from a number of sources, including the weathering Phosphorus Objective
of phosphorus-bearing rocks and mineral depos-
its. Anthropogenic sources of phosphorus Elevated phosphorus levels in both the Miljala
in natural waters include fertilizers, Channel and the ditch leading to it have led

to further investigation into the quantity
and sources of phosphorus enter-
ing the channel. Previous studies
have shown phosphorus sampling
results at concentrations higher
than statewide mean values for
streams, though these values
were based on limited data. A
more comprehensive study
of the phosphorus concen-
trations in groundwater,
surface water and depos-
ited sediment is needed
to determine effective
measures to reduce phos-
phorus inputs.

human and industrial waste, and
an anti-corrosion agent used in
municipal water treatment
to combat the corrosion of
copper plumbing materi-
als. Excess phosphorus

in natural systems
can cause the exten-
sive growth of

algal blooms that
decrease oxygen
levels in water

and bring about
serious environ-
mental problems
(eutrophication).

Phosphorus Source
Investigation

Water quality
standards for
surface waters
protecting fish
and aquatic life
have a maximum
total phosphorus
(TP) level of 0.075
milligram per liter
(mg/L) (75 ug/L)
(Chapter NR 102.06
Wisconsin Administrative
Code). Due to the high
quality of Rock Lake, a total
phosphorus level of 0.075 mg/L
is a reasonable standard of
phosphorus to maintain in

Total phosphorus and
dissolved orthophosphate
samples were collected

and analyzed on multiple
dates from September 17,
2011 to October 14, 2012.
Total phosphorus is the sum
of all forms of phosphorus in
a sample. Dissolved orthophos-
phate is the soluble phosphorus
portion of total phosphorus that
is within solution and available for
biological uptake. Samples were taken
from surface sites and from

the Miljala Channel water- FIGURE 2.11 EUTROPHICATION monitoring wells to determine
) BEHIND THE SEDIMENT CURTAIN. PHOTO inputs from groundwater
shed. Further research into CREDIT: STEVE NEARY, 6.26.12
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TABLE 2.2  SURFACE SITE PHOSPHORUS RESULTS FOR FOUR DATES AT SITES SAMPLED IN THE MILJIALA CHANNEL
WATERSHED.
Total Phosphorus (mg Dissolved Orthophosphate (mg/L)
Site 04/12/12 | 08/07/12 | 08/16/12 * |10/14/12 *| 04/12/12 |08/07/12| 08/16/12 * 10/14/12 *
SS7 0.442 0.380 0.724 0.340 0.274 0.640
SS5 0.235 0.543 0.673 0.150 0.640 0.546
SS3 0.141 0.466 0.480 0.103 0.346 0.355
SS1 0.185 0.146 0.525 0.457 0.095 0.296 0.317
SS9 0.052 0.078 0.013 ND

*Storm sample date

SS7 B:0.380
S: 0.724

SS3

SS9 B: 0052
S: 0.078

SS Y B:0.146 ., 4
S: 0.525

B: Base Flow sampling of Total Phosphorous on 08/07/12 in mg/L
S: Storm Flow Sampling of Total Phosphorous on 08/16/12 in mg/L [__]Land Parcel Boundaries

B: 0.
S: 0.

141
466

Legend

e Ditch

FIGURE 2.12 MAP SHOWING SURFACE SITE PHOSPHORUS RESULTS AT SITES SAMPLED WITHIN THE MILIALA
CHANNEL WATERSHED.
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sources and their relation to surface water concen-
trations. Spatial variation in phosphorus loading
was possible given the locations of surface water
sampling sites and monitoring wells. Samples were
taken during both baseflow and stormflow condi-
tions to identify trends relating to rainfall events and
increased flow rates.

Surface water total phosphorus (TP) concentra-
tions throughout the ditch were often above the
established criteria, as seen in Table 2.2. Raw data
for total phosphorus and dissolved orthophosphate
samples collected and analyzed on multiple dates
from September 17, 2011 to August 16, 2012 can
be found in Appendix D (Tables D.3 and D.4, and
Figures D.3 and D.4). The data suggest that upstream
reaches of the ditch are significant contributors to
phosphorus loading, increasing the potential for
harmful algal blooms in the Miljala Channel and Rock
Lake (Table 2.2).

Sampling results also indicate that groundwater is
not a major driver of elevated phosphorus concen-
trations during storm events. Laboratory analyses of
all samples from monitoring wells revealed dissolved
orthophosphate concentrations below 0.046 mg/L,
which is about an order of magnitude lower than
values obtained at surface sites. Though water reach-
ing the ditch during baseflow conditions is primarily

groundwater, the major contributor of phosphorus
is runoff from storm events. Therefore, more focus
should be given towards improving surface water
quality by exploring runoff sources (Table 2.3).

Surface water phosphorus levels were highest in
upstream reaches near surface sites 5 and 7 (SS5,
SS7) during base flow and storm flow conditions
(Table 2.2 and Figure 2.12). Such drastic differences
in phosphorus results are partially caused by dilu-
tion from groundwater during baseflow conditions,
which contributes to lower phosphorus concentra-
tions observed downstream. Another reason for the
differences observed are high phosphorus levels that
leach out from the soil as well as deposited sediment
in the ditch bottom. For instance, surface water
dissolved orthophosphate constituted 62.7% of the
total phosphorus results during base flow and 77.6%
during storm flow, respectively. This suggests that
there is more soluble phosphorus being transported
in the system than particulate phosphorus.

Baseline phosphorus loading rates were calculated
based on results obtained from lab analyses on
August 7, 2012. Results show that total phosphorus
and dissolved orthophosphate loading are higher at
SS5 (64.4% and 63.2%) than SS1 (35.6% and 36.8%),
respectively. These data add supporting evidence
to the notion that upstream reaches are greater

TABLE 2.3  WELL PHOSPHORUS RESULTS
FOR THREE DATES SAMPLED IN THE MILJALA
CHANNEL WATERSHED.
Dissolved Orthophosphate (mg/L)
Site 04/12/12 | 08/07/12 | 8/16/2012*
MW 1 0.037 0.046 0.036
MW 2 0.009 0.023 0.021
" il MW 8 0.024 0.019
FIGURE 2.13 SILT AND MW 4 0.004
et Chos [ s | o
COLUMN DURING Low FLow MW 6 ND

CONDITIONS. PHOTO CREDIT:
STEVE NEARY, 2.29.12
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contributors of phosphorus into the ditch. Storm flow
phosphorus loading data were not obtained.

Precipitation events also contribute to increases
in surface water phosphorus concentrations. This
is manifested through the coupling of precipitation
driven surface runoff and a minimal decrease in
groundwater phosphorus concentration, as seen in
Table 2.2 and Table 2.4. Larger storms produce an
increased volume of overland flow and interflow that
contribute to surface runoff. These increases in runoff
cause more phosphorus to be removed from the land
surface and transferred to the ditch.

A calculated phosphorus index (P index) can help
with managing phosphorus runoff from cropland. Soil

TABLE 2.4

on the farm field north of SS7 and west of SS5 falls
within the acceptable limit according to the DNR (P
index = 5), even though elevated levels of phosphorus
were observed on the field (129 mg/L). The P index
for a field is determined using the distance to the
closest navigable waterway. The distance chosen for
this field’s plan was in the range 301-1000 feet, which
is above the range that should be used to calculate
the field’s P index (0-300 feet) considering the closest
distance to the ditch is about 195 feet. Recalculation
of the P index for this field in particular will likely
place the P index above the acceptable limit, requir-
ing a reduction in phosphorus-containing fertilizer
applied to the field. Lowering phosphorus inputs on
the field would likely reduce levels of soluble phos-
phorus reaching the ditch.

PERCENT OF DISSOLVED ORTHOPHOSPHATE

CONTAINED IN SAMPLES COLLECTED ON FOUR DATES IN THE

MILJALA CHANNEL WATERSHED.

% of Dissolved Orthophosphate in Water
Site 04/12/12 08/07/12 08/16/12 * | 10/14/12 *
SS7 76.923 72.105 88.398
SS5 63.776 100.000 81.129
SS3 73.050 74.249 73.958
SS1 65.068 56.381 69.365
SS9 25.000 ND

* Storm sample date
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TABLE 2.5  TOTAL PHOSPHORUS PERCENTAGE OF LOADINGS TO CHANNEL BASED ON
SAMPLING ON AUGUST 7, 2012.
Parameter
Total Total Incremental Total
Phosphorus Phosphorus Phosphorus Load
Site (mg/L) Flow (cfs) (Ibs/day) (Ibs/day) %
SS5 0.235 0.056 0.071 0.071 64.4
SS1 0.146 0.140 0.110 0.039 35.6
TABLE 2.6  DISSOLVED ORTHOPHOSPHATE PERCENTAGE OF LOADINGS TO CHANNEL BASED
ON SAMPLING ON AUGUST 7, 2012.
Parameter
Dissolved Dissolved Incremental Dissolved
Orthophosphate Flow Orthophosphate | Orthophosphate Load
Site (mg/L) (cfs) (Ibs/day) (Ibs/day) %
SS5 0.150 0.056 0.045 0.045 63.2
SS1 0.095 0.140 0.072 0.026 36.8
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BACTERIAL_CONTAMINATION

Thermotolerant coliform bacteria (formerly termed
fecal coliform bacteria), including E. coli among
others, are commonly used as indicator organisms
to assess bacterial contamination in natural waters.
The presence of thermotolerant coliforms, or E.
coli, in natural waters indicates fecal contamination
and may signal the presence of pathogens that can
cause gastrointestinal illness when found in high
concentration. Because of this hazard, the United
States Environmental Protection Agency (EPA) has
developed standards for measuring and monitor-
ing indicator organisms in water. In accordance with
the Clean Water Act, Wisconsin has established
maximum regulatory concentrations, using E. coli as
the target indicator organism for recreational use
of water bodies, at 235 colonies per 100 mL (EPA,
2003).

Although there are many different processes by
which bacteria may be introduced into an environ-
mental system, non-point sources are recognized
as the major cause of bacterial contamination in
waterways. In most cases, agricultural practices are
the primary contributor (Diaz et al., 2009). Bacterial
monitoring is important for both environmental and
public health reasons. Rainfall events mobilize bacte-
ria by generating runoff. The subsequent bacterial
transport into ground and surface water environ-
ments can potentially affect ecosystem function.
When present in surface waters used for human
consumption or recreation, bacteria can also pose a
risk to public health (Boutilier et al., 2009).

Bacterial Objective

The presence of coliform bacteria in the watershed
has been documented by previous consultants.
Sampling in 2009 and 2010 revealed that both E. coli
and thermotolerant coliform bacteria were present
in the ditch at levels above EPA standards for direct
human contact through activities like swimming or
water skiing. As a result, a secondary objective of
this project was to investigate the source(s), loading
and route of transport of coliform bacteria through

THE MILJALA CHANNEL OF Rock LAKE

the watershed and ultimately into Rock Lake.
Identifying the source(s) of bacteria was of particular
interest given the number of possible sources within
the watershed. Potential sources include septic
systems, a closed manure pit, agriculturally related
fertilizer application, domestic animals, and wildlife.
One main goal was to differentiate between these
potential sources and to identify bacterial origin as
either human or animal.

Bacterial Source Investigation

Bacterial sampling was conducted based on hydro-
logic transport within the watershed in order to
distinguish between potential sources and to deter-
mine the occurrence and source of any human
waste material within the watershed. Analyses were
conducted for E. coli and fecal coliform bacteria,
which both serve as indicators for the presence of
human and animal fecal material. These bacteria are
known to be associated with other harmful bacteria
and viruses and therefore are sentinels for human
health risk (RLIA, 2011).

Samples were collected during both baseflow and
stormflow conditions to determine any differences in
concentration between varying types of flow events.
Increased concentration during a stormflow event
could indicate manure runoff from nearby agricul-
tural fields or local animal populations. Decreased
concentration during a stormflow event could
indicate a groundwater source, possibly from septic
tank leakage or legacy contamination from a large
manure pit removed in 2009 (Figure 2.14).

Sampling in the spring and summer of 2012
provided several insights into the abundance and
source(s) of fecal coliform and E. coli bacteria in the
watershed. E. coli and fecal coliform continue to
persist in both the ditch and the channel, and have
been found in excess of EPA standards for increased
health risk to humans. Standards for the presence
of fecal coliform and E. coli are 200 and 235 colonies
per 100 mL, respectively (RLIA 2011).
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Rock Lake Sub-Watershed

5 WATERSHED  # SEPTICSYSTEMS(13) & MANURE STORAGE CLOSURE (1)

Complied by the Jefferson County Land & Water Conservation Department: February, 2012

FIGURE 2.14 SEPTIC SURVEY MAP. INCLUDED ARE LOCATIONS OF SEPTIC SYSTEMS AND A
PREVIOUSLY REMOVED MANURE PIT WITHIN THE WATERSHED. SOURCE: JEFFERSON COUNTY
LAND AND WATER CONSERVATION DEPARTMENT.
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The first key point is that groundwater does not
appear to be the primary bacterial source. It is
unlikely that leaky septic systems, sewers, or legacy
contamination from manure pit removal in 2009 are
the cause of contamination. Data from sampling in
2009, 2010 and 2012 indicates that fecal coliform
and E. coli are more abundant during the peak grow-
ing season (mid-late summer) than in spring or late
fall (Figures 2.15 and 2.16). In addition, bacterial
concentrations showed a marked increase during
storm events that produce substantial surface runoff.
These fluctuations suggest that groundwater inputs
are not providing a constant supply of bacteria to the
ditch.

Sampling data also show a significant drop in
bacterial colonies in 2010 as compared to 2009 and
2012 (Figure 2.15). The initial theory was that this
drop in bacterial concentration was correlated with
the manure spreading cycle of the agricultural field
located directly west of SS5. The theory is based on
documentation that manure applied to agricultural
fields can result in surface runoff containing elevated
bacterial concentrations (Brooks et al., 2009, Collins,

2004); thus, it seemed plausible that the field is

a likely source of bacteria in the watershed. This
particular field is row-cropped and chicken manure
is applied in approximately 2 to 3 year intervals.
According to this field’s nutrient management plan,
chicken manure was spread in both 2010 and 2012
at a rate of 2 tons per acre.

As a result, it is unlikely that manure spreading is
the only source of bacterial contamination in the
watershed. Dr. Sharon C. Long, a UW professor and
Director of Environmental Microbiology with the
Wisconsin State Laboratory of Hygiene, suggested
that infrequent rainfall events this year may have
allowed high ditch and channel bacterial concentra-
tions to accumulate in the soil. Frequent rain events
flush bacteria from the soil and serve to reduce over-
all population numbers (Long, 2012). During 2010
there was far more precipitation than 2009 or 2012,
particularly during warm summer months (Table
2.7). Frequent and intense rain events in June and
July of 2010 may have served to flush bacteria from
the soil, thereby reducing ditch and channel concen-
trations that year.

Colonies per 100 mL
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FIGURE 2.15 E. coLl CONCENTRATIONS (PER 100 ML SAMPLE) FROM SELECT SAMPLING DATES IN 2009-2012.
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FIGURE 2.16 FECAL COLIFORM CONCENTRATIONS (PER 100 ML SAMPLE) FROM SELECT SAMPLING DATES IN 2009-2012.
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TABLE 2.7

(HTTP://WWW.NCDC.NOAA.GOV).

RAINFALL (INCHES) BY MONTH IN 2009, 2010, AND 2012
AT STATION 474482 IN LAKE MiLLs, WI. SOURCE: NATIONAL OCEANIC
AND ATMOSPHERIC ADMINISTRATION, NATIONAL CLIMATIC DATA CENTER

Year Apr May Jun Jul Aug
2009 4.67 3.36 4.11 2 3.21
2010 4.09 4.61 10.38 7.23 3.62
2012 2.84 4.55 0.34 4.78 2.27
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Another likely source of bacteria in the watershed
is wildlife. It is well known that wildlife feces are
a contributor to the presence of E. coli and fecal
coliform in wetland and other naturally occurring
ecosystems (Gordon and Cowling, 2003, Whitman
et al., 2006). Numerous mammalian and avian
species were observed in the area over the course
of the study period, including deer, sandhill cranes,
mallards and muskrats (Figure 2.17). In addition, a
dead raccoon was discovered near the ditch at SS5 in
June 2012.

In conclusion, it is likely that persistence of bacteria
in the watershed is a result of regular contribu-
tions from wildlife feces as well as the spreading of
manure for agricultural purposes. Once introduced
into a system through fecal contamination, bacteria
are able to persist outside of a host, forming colonies
on both soil and suspended sediment (Byappanahalli

et al., 2003). Numerous studies (Brooks et al., 2009,
Byappanahalli et al., 2003, Tomer et al., 2010) found
that surface runoff containing suspended sediment
is a significant source of E. coli, and this is the likely
method of delivery to the ditch and adjacent soil.

There is also a possibility that the watershed may
be a source of naturally occurring bacteria. Some
studies (Byappanahalli et al., 2003, Power et al.,
2005) have suggested that E. coli may be capable of
occurring in water or wet soil without any type of
animal origin, possibly even persisting year-round
(Whitman et al., 2006). Infrequent summer precipi-
tation events may provide optimal conditions for
continued bacterial persistence as well (Long, 2012).
Genetic testing of bacteria in the watershed could
help rule out a human source of bacteria, but would
not distinguish between bacteria from chicken
manure and natural sources.

FIGURE 2.17 ANIMAL TRACKS ARE EVIDENT AND
UBIQUITOUS THROUGHOUT THE WATERSHED,
INDICATING A PERENNIAL BACTERIA SOURCE. PHOTO

CREDIT: STEVE NEARY, 1.27.12
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HYDROLOGY

The 2011 report described several management
alternatives that could either prevent stream bank
erosion, such as bank stabilization or ditch plugs, or
that could trap pollutants, such as wetland restoration
or sedimentation basins. As part of the Lake Planning
Grant, Montgomery Associates:Resource Solutions
will be further developing engineering solutions and
working with landowners and the RLIA to evaluate
alternatives. However, in order to determine the
required size of sedimentation basins or wetlands,
information on peak flows and runoff volume is
needed. A better understanding on the sources and
flows of groundwater, as well as soil parameters
such as hydraulic conductivity, will help to assess the
impacts of practices such as ditch plugs on the water
table. Our goal in monitoring and computer modeling
of surface and groundwater hydrology was to provide
a preliminary assessment of the feasibility of manage-
ment alternatives, and to provide data for further
evaluation and engineering of solutions.

Groundwater monitoring

We installed data loggers in several wells to track
groundwater levels, and compared those to flows in
the ditch (Figure 2.18). Our hope was to find a strong
relationship between groundwater storage in the
Houghton Muck, as reflected by the height of the
water table, and groundwater discharge to the ditch
that could be used to model baseflow, but the corre-
lation was weak (Figure 2.19).

However, well monitoring did reveal more about
groundwater sources and flow paths (Figure 2.20).
The significance of evapotranspiration to the water
budget is clear from the daily fluctuations in water
levels observed in both wells and the ditch. The role
of glacial drumlins to recharge and store groundwa-
ter was evident from nearby monitoring wells MW5
and MW6. Those wells showed consistently higher
water levels than wells farther from the drumlin and
levels in those wells declined more slowly during the
drought.
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Hydraulic head at Well 5 (ft)
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FIGURE 2.18 RECORDING
GROUNDWATER ELEVATION AT MWS5.
PICTURED ARE IAN ANDERSON,

0.000 0.050

0.100 0.150 0.200 0.250 0.300 0.350
Flow at Cedar Lane culvert (cfs)

MARIA GARCIA DE LA SERRANA,
AND STEVE NEARY. PHOTO CREDIT:
PATRICIA CICERO, 3.9.12
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FIGURE 2.19 POOR CORRELATION BETWEEN WATER TABLE AND
GROUNDWATER DISCHARGE TO DITCH.
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In areas where there was little hydraulic connection
to the drumlins, such as MW3, MW4, and MWS, the
water table can drop below the elevation of the ditch
and the area becomes a losing reach (Figure 2.21).
Flows in the ditch and water tables in upstream wells
(MW 1 and 2) declined very slowly. At the same
time specific conductance, a measure of dissolved
minerals, measured in the ditch increased to a new
level, indicating either potential inputs of ions from
an anthropogenic source or an increase in ground-
water contributions with longer residence time. This
indicates upper reaches of the ditch receive ground-
water inputs from outside the surface watershed
(Figure 2.22).

A regional map of the water table and county geol-
ogy maps (Boreman and Trotta, 1975) support this
interpretation. Recharge zones in areas of limestone
bedrock or limestone gravel contribute both water
and dissolved minerals to the upper reaches of the
ditch. Groundwater is a significant water input into
the system and all management strategies must
incorporate its continuous input in their calculations.
Regional groundwater flow keeps the soil wetter
than would be predicted by precipitation within the
watershed alone and will stabilize water levels in
ponds, wetlands, or other management practices.

Water Flows into
Stream from Soil

Losing Stream

FIGURE 2.21 GAINING STREAMS HAVE HIGHER WATER TABLE ELEVATIONS WITHIN WELLS THAN STREAM
STAGE ELEVATIONS. IN THIS INSTANCE, WATER FLOWS FROM THE GROUNDWATER INTO THE STREAM.
LOSING STREAMS HAVE FLOW OUT OF THE STREAM INTO THE GROUND. WATER TABLE ELEVATIONS LOWER
THAN STREAM STAGE ELEVATIONS INDICATE LOSING REACHES.
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Modeling ditch drainage and impacts of drainage
plugs

Muck soils are difficult to drain because of their high
water holding capacity and relatively low hydraulic
conductivity (Boelter, 1972). Despite the installa-
tion of the ditch, upper reaches of the watershed
remained too wet to farm most years, according
to Dave Korth (2012). The influence of a drainage
ditch or drain tile running through a wetland can
be modeled using the van Schilfgaarde equation, as
described in Appendix C. Starting from a fully satu-
rated soil — as may occur in spring snowmelt — the

soil drains rapidly near the ditch and more slowly with
increasing distance. Beyond some threshold distance
— the lateral effect — drainage is slow enough that

it would take 14 days to drain the top foot of the sail,
meeting the U.S. Army Corps of Engineers technical
definition of wetland hydrology. Lateral effect is illus-
trated in Figure 2.23.

A similar approach is used by regulators to deter-
mine whether a ditch will impact nearby protected
wetlands. The Minnesota Board of Water and Soil
Resources (2012) has published setback distances
for peat and muck soils based on field observations
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FIGURE 2.22 CONDUCTIVITY AND PRECIPITATION DATA SHOW IMPACTS WHEN NO

PRECIPITATION OCCURS.
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reported in the scientific literature; these are shown
alongside lateral effect calculated for the site in Table
2.8.

Lateral effect is a crude way to delineate the
wetland area effectively drained by a drainage ditch.
It also provides a crude way to assess the impacts of
proposed engineering solutions on landowners. For
example, if a ditch plug or wetland causes 1 foot of
water to be backed up into a 4 foot ditch that drains
a farm field, or the ditch is made 1 foot shallower as
part of bank stabilization, then we would expect the
width of land effectively drained in a wet spring to
be reduced 5-10 feet.

As Table 2.8 shows, a single drainage ditch in muck
has a limited influence on the water table, especially
when the ditch is shallow. Whether wet conditions
are actually present outside that zone in a given year
depends on precipitation patterns and evapotranspi-
ration. Additional factors that could influence water
table elevation are vertical groundwater movement
from a deeper aquifer and surface depressions that
allow for ponding of runoff. As described above,
there is evidence for regional groundwater inflows
in the upper reaches of the ditch that could reduce
its effectiveness. Either of these factors could explain
the presence of cattails within 40 feet of the ditch
near SS7.

Highway

1-foot drawdown

Wetland

Lateral Effect

A NN NN AR E E R
Restrictive Layer

FIGURE 2.23 LATERAL EFFECT ILLUSTRATION. LATERAL EFFECT IS THE DISTANCE FROM THE DITCH THAT IS
ADEQUATELY DRAINED WITHIN SOME CRITICAL PERIOD (ADAPTED FROM SKAGGS ET AL. 2005).

TABLE 2.8 LATERAL EFFECT OF A DRAINAGE DITCH IN MUCK SOIL.
Lateral effect based on van Schilfgaarde Setback distance based on field observations
Depth of ditch equation reported in literature
2' 38' 40'
3 48' 60'
4' 53' 70'
5' 56' 80'

Pace 30
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Modeling Runoff and Peak Flow in the Ditch

Runoff volume and peak flows are important infor-
mation for engineering of detention ponds and other
management practices. We continuously monitored
flows in the ditch at the Cedar Lane culvert from
March through September of 2012. The highest peak
flow measured during this period was 1.38 cfs, in
response to an intense 1.77 inch storm on May 6. On
August 19, 2007, the weather station in Lake Mills
measured a 24-hour rainfall of 5.77 inches, the largest
in its 115 year record (WSCO, 2009). Although we do
not have flow data for this event, residents reported
that the water in the ditch rose above the Cedar Lane
culvert but did not overtop the road. Ponding and
flow through the culvert was modeled in HydroCAD to
determine the maximum water level associated with
a range of peak inflows. The stage-storage relation-
ship of the area behind the culvert was determined
in Geographic Information Systems (GIS) from the 16
foot digital elevation model. Based on this simulation,

peak flow through the ditch would have been some-
where in the range of 40-70 cubic feet per second
(cfs) (Figures 2.24 and 2.25).

In the previous RLIA report (RLIA, 2011), consul-
tants modeled peak stormflow using the methods
outlined in the Natural Resources Conservation
Service publication, TR-55 Urban Hydrology for Small
Watersheds. This approach, widely used for storm-
water engineering, uses landcover, soil type, and flow
path characteristics to determine the volume and
peak flows produced from a given precipitation depth
and rainfall distribution. Runoff depends on both the
amount and intensity of rainfall, so it can be mislead-
ing to compare a design storm, such as the 2 year,
24-hour rainfall to a real event that may have a differ-
ent intensity of rainfall. Nonetheless, the peak flows
published in the previous report seem unreasonably
high, an order of magnitude larger than what has
been observed in comparable storms (Figure 2.24).
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FIGURE 2.24 PEAK FLOW SUFFICIENT TO SUBMERGE
CEDAR LANE CULVERT (ELEVATION 832.26).
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FIGURE 2.25 PEAK FLOW SUFFICIENT TO OVERTOP
CEDAR LANE (ELEVATION <834).

PAGE 31




FIGURE 2.26 A DRAIN TiLE CONNECTING SS4 AND THE
DITCH EMERGES FROM A THICK MAT OF DUCKWEED ON
THE POND AT SS4. WE DID NOT OBSERVE WATER ABOVE
THIS TILE DURING THE STUDY PERIOD, INDICATING THAT
THIS PORTION OF THE WATERSHED DOES NOT NORMALLY
CONTRIBUTE DIRECTLY TO THE FLOW IN THE DITCH. PHOTO
CREDIT: STEVE NEARY, 3.21.12

FIGURE 2.28 THE POND AT SS4 COMPLETELY DRIED UP
FOR THE BULK OF THE SUMMER. PHOTO CREDIT: STEVE
NEARY, 6.20.12
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FIGURE 2.27 SAMPLING ACCUMULATED WATER
FLOWING THROUGH THE CULVERT AT SS8. THIS WAS THE
LARGEST AMOUNT OF WATER OBSERVED HERE DURING
THE STUDY PERIOD. PICTURED IS CODY MEIER. PHOTO
CREDIT: STEVE NEARY, 2.29.12

FIGURE 2.29 A Guu.v RUNS FROM THE SOUTH
END OF THE CULVERT AT SS8 TO THE MAIN STEM
OF THE DITCH. WATER WAS ONLY OBSERVED HERE
DURING SNOWMELT AND AFTER LARGER PRECIPI-
TATION EVENTS. PICTURED IS THE CONFLUENCE OF
THE GULLY FLOWING FROM SS8 AND THE MAIN
STEM OF THE DITCH. NOTE THE ERODED DEER
CROSSING IN THE CENTER OF THE PHOTO. PHOTO
CREDIT: STEVE NEARY, 2.29.12




Details were not given in the previous report, but
there are several reasons why a TR-55 model might
overestimate runoff.

A) A large portion of the runoff does not
normally reach the ditch (Figure 2.30).
Catchment 1 drains into the Miljala channel

below the culvert. The 7.5 acres of the field

in Catchment 11 drain to a closed depression
which would have to overtop Shorewood

Hills Drive to drain surface water. Catchment
12, which includes 28 acres south of Korth
Lane, drains to a farm pond. Only in wet years
does the pond get high enough to reach the
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FIGURE 2.30 SUBWATERSHEDS DELINEATED IN GIS. NUMBERS 11, 12, AND 13 DO NOT CONTRIBUTE RUNOFF TO DITCH UNDER

NORMAL CONDITIONS.
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overflow drain and discharge into the ditch
(Cicero, 2012). Catchment 13 is a 7 acre closed
depression. The condition of the drain tiles
that once drained it is uncertain. Catchment

4 includes several scrapes which could store
runoff.

B) Most of the watershed has moderately
permeable soils and limited impervious
surfaces and so produces little runoff. This
should be reflected in the curve numbers
selected for the model. The Natural Resource
Conservation Service (NRCS) Soil Survey
(accessed 2011) classifies most of the soils
in the watershed as moderately permeable
(hydrologic class B). When drained, soggy
wetland soils become moderately perme-
able — Waucosta silt loam is hydrologic group
B — to highly permeable — Houghton muck is
hydrologic group A. Our infiltration tests have
also confirmed this pattern.

C) Because of their low slope, high infiltration
rate, and water holding capacity, the muck
soils surrounding the ditch have the potential
to absorb much of the runoff from adjacent
mineral soils. The exceptions to this pattern
are the Shorewood Meadows subdivision
(catchment 6) and the farm pond south of
Korth Park (catchment 12), which drain directly
to the ditch. Catchments 5 and 8 have steep
slopes draining up to the ditch, so infiltration is
limited.

The first two points were taken into account in
the development of our TR-55 model in HydroCAD.
Drained muck soils are treated as highly perme-
able (hydrologic soil group A) and contributing area
is reduced. Drought prevented us from observing a
clear relationship between water tables in the muck
and flow in the ditch. Details of parameter selection
for the model are shown in Appendix E. An alternate
model incorporating groundwater storage and release
from the muck soils was planned, but could not be
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completed due to data limitations imposed by the
drought.

While incorporating these changes into a TR-55
model does produce more reasonable results that
could provide the starting point for engineering, they
should not be seen as a definitive. TR-55 is an event-
based model, modeling the response of a system to
a given storm without regard to antecedent moisture
conditions in the soil, the level of the water table, or
the water level in ponds. While this is the standard for
stormwater engineering in urban areas, it has limita-
tions for this particular watershed. As has become
clear from our monitoring, these factors can be very
significant in determining the peak flow, or whether
any runoff is produced at all. Incorporating these
factors using continuous modeling of groundwater
and surface water flows is a difficult undertaking that
is beyond the scope of a project of this nature.

Size and effectiveness of ponds or wetlands for sedi-
ment control

Because peak flows in the ditch are smaller than
previously believed, estimates for the size of water
quality treatment practices can also be revised
downward. The previous report recommended that a
treatment wetland should be 3-5% of the watershed
area — 5.6 t0 9.4 acres in size. This is probably an
overestimate, first because the area that normally
contributes runoff to the ditch is smaller than 180
acres, and second because this rule of thumb is likely
based on more urbanized watersheds. A 2-3 acre
detention pond was recommended based on an
outdated standard — 5 micron control for the 1.5 inch
storm.

Revised DNR standards for wet detention ponds
call for the sediment treatment up to the one-year,
24-hour storm, which for southern Wisconsin is
2.25 inches (DNR, 2007). Modeling shows that this
storm would generate 2.63 acre-feet of runoff and
a peak discharge of 8 cfs. A sedimentation pond can
completely trap all particles that settle out of the
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active storage zone faster than they are swept to
the outlet; therefore, the minimum area (S,) of the
permanent pond depends on the peak outflow (q )
during the design storm and the particle settling
velocity (v ) of the target sediment class, plus a
safety factor.

S,=1.2%(q,/v)

The DNR (2007) found that removal of particles of 3
microns in diameter is needed to achieve 80% reduc-
tion of total suspended solids (TSS) in urban areas. A
standard of 6 microns is needed for 60% reduction,
and a standard of 12 microns can achieve 40% TSS
reduction. Removal efficiencies in this watershed will
undoubtedly be higher, since even a 20 micron stan-
dard can control the fine and coarse sand that makes
up greater than 60% of the accumulated sediment
below the culvert. Muck has an average settling
velocity of 7.9e-4 ft/s and a minimum settling veloc-
ity of 5.4e-5 ft/s (Marttila and Klove, 2008), so while
a 12 micron standard would control more than half
the muck, a 5 micron standard would be needed to
provide complete control.

Table 2.9 shows the minimum pond areas required
to achieve various standards of sediment control.
While the surface area of the permanent pond can
be reduced by constraining the peak outflow, this
requires more “live” storage — the volume of runoff
detained during a storm. The minimum area of the
temporary pool shown in Table 2.9 is determined
either by the minimum slope needed for bank stabil-
ity (3:1) or by the volume and depth of live storage
(Atemporary = (2¥*VWQV/D) - Apermanent).

While a temporary storage depth of up to 3 feet
can be practical for a detention pond, large fluctua-
tions in water level can kill sensitive plant species.

In revising his 15 year old standards for the design
of stormwater wetlands, Scheueler (2012) recom-
mended that the live storage, or “bounce,” during
the design storm should be no more than one foot,
while cautioning that any bounce at all can favor
invasive species. Tables 2.10 and 2.11 show the area
of ponding needed to treat to a given standard while
minimizing the bounce. This shows that a three acre
wetland can provide high sediment control — with-
out even accounting for the additional water quality
benefits of vegetation — while avoiding bounce that
favors invasive species.

TABLE2.9  MINIMUM POND AREAS TO TREAT 1-YEAR, 24-HOUR STORM WITH 3 INCH BOUNCE.
Surface area Live Depth of Surface area
Settling Peak of storage | temporary of
Sediment control velocity outflow permanent | volume pool temporary
standard (ft/s) (cfs) pool (acres) | (acre-ft) | "bounce" (ft) | pool (sq. ft)
20 micron 1.20E-03 4.00 0.09 0.74 3.00 0.40
12 micron 2.95E-04 4.00 0.37 0.74 3.00 0.44
5 micron 7.30E-05 4.00 1.51 0.74 3.00 1.65
3 micron 1.91E-05 4.00 5.77 0.74 3.00 6.03
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TABLE 2.10 WETLAND AREA TO TREAT 1-YEAR, 24-HOUR STORM WITH 1 INCH BOUNCE.

Surface area Live Depth of Surface area
Settling Peak of storage | temporary of
Sediment control velocity outflow permanent | volume pool temporary
standard (ft/s) (cfs) pool (acres) | (acre-ft) | "bounce" (ft) | pool (sq. ft)
20 micron 1.20E-03 6.40 0.15 0.47 1.00 0.79
12 micron 2.95E-04 6.40 0.60 0.47 1.00 0.63
5 micron 7.30E-05 6.40 2.42 0.47 1.00 2.47
3 micron 1.91E-05 6.40 9.23 0.47 1.00 9.34
TABLE 2.11 WETLAND AREA TO TREAT 1-YEAR, 24-HOUR STORM WITH NO BOUNCE.
Surface area Live Depth of Surface area
Settling Peak of storage temporary of
Sediment control velocity outflow permanent | volume pool temporary
standard (ft/s) (cfs) pool (acres) | (acre-ft) | "bounce" (ft) | pool (sq. ft)
20 micron 1.20E-03 8.00 0.18 0.00 0.00 0.18
12 micron 2.95E-04 8.00 0.75 0.00 0.00 0.75
5 micron 7.30E-05 8.00 3.02 0.00 0.00 3.02
3 micron 1.91E-05 8.00 11.54 0.00 0.00 11.54
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~COMMUNITY INPUT

Given that the outcome of this project will affect
a diverse group of stakeholders, it was important
to offer opportunities for public engagement as
the project progressed. The WRM student cohort
worked in collaboration with the RLIA to facilitate
public meetings in Lake Mills throughout the study,
at which concerned citizens were provided a forum
to have their questions answered and concerns
acknowledged. Encouragement of public participa-
tion in the planning phase of a long-term project
fosters a sense of ownership within the community.
This in turn increases the likelihood of a successful
resolution to identified problems.

Spring 2012 Annual Meeting

The WRM cohort held a meeting on April 19, 2012,
along with Patricia Cicero from Jefferson County
Land and Water Conservation, Steve Gaffield of
Montgomery and Associates: Resource Solutions,

FIGURE 2.31 STEVE NEARY FACILITATING A QUESTION
AND ANSWER SESSION AFTER A PUBLIC MEETING IN
SPRING 2012.
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and the RLIA. The meeting was held at Lake Mills’
Community Center with approximately 40 attendees.
The meeting objective was a face-to-face interaction
with local residents in order to discuss the direction
of the project and provide a forum for public input.

The presentation touched on many topics, includ-
ing phosphorus and bacterial inputs, sediment
transport, watershed hydrology, and potential
management solutions. The findings presented at
this first meeting were very preliminary due to the
exploratory nature of the project at that time. The
WRM students explained their intent to concentrate
sampling efforts in areas that were likely contribu-
tors of phosphorus and bacteria to the system, which
would allow for the identification of representative
points throughout the watershed. It was impor-
tant to convey this strategy to the community to
demonstrate that sending samples to the State Lab
of Hygiene for analysis was the most efficient use of
funding.

FIGURE 2.32 DAN HAUG PRESENTS FINDINGS OF
PREVIOUS CONSULTANT’S REPORTS AT THE ROCK LAKE
IMPROVEMENT ASSOCIATION ANNUAL MEETING IN
LAKE MILLS. PHOTO CREDIT: MARIA GARCIA DE LA
SERRANA, 4.18.12
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Following the presentation, the audience was given
an opportunity to ask questions or provide input
regarding what they would like to see from the proj-
ect. Steve Neary, a WRM student, was the emcee for
this session, with questions fielded by WRM students
as well as by representatives from participating
organizations.

The most common questions:

1. Who/what organization will pay for the imple-
mentation of the management solution?

2. How could sand be the biggest contributor to
the channel sediment deposition when muck
is more often observed moving during base-
flow by residents?

General comments/concerns:

1. Will the sediment plume that forms beyond
the channel after rain events be addressed?

The need to preserve the biodiversity within
the channel. For example, an electroshock
sampling identified poor fish species diversity
in the channel.

Residents with waterfront property expressed
a sense of urgency to devise a management
solution to the sedimentation problem.
During the 1998 dredging of the entire
channel, homeowners were told that they
would not need to dredge again for another
40 years. However, smaller dredges have
already been done in 2005, 2009, and 2011.
The cost of dredging the channel has become
unsustainable and raising money to conduct
subsequent dredges has become more diffi-
cult over the years.

The outcome:

The meeting brought people together who have
been working towards a solution to this problem for
many years. It provided stakeholders an open forum

FIGURE 2.33 STEVE GAFFIELD (MARS) AND LARRY CLARK (R

o L

LIA) INTRODUCE THE

WATER RESOURCES MANAGEMENT STUDENTS TO ROCK LAKE AND THE MILJALA
CHANNEL ON THEIR FIRST VISIT TO KORTH PARK. PHOTO CREDIT: STEVE NEARY,

9.16.11
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to voice their opinion and hear opinions of their
neighbors. The meeting also provided an opportunity
to pose questions to the consultants, students and
natural resource managers working to alleviate the
problems within the Miljala Channel and surrounding
watershed.

Rock Lake Improvement Association Annual Meeting

Each year, federally-recognized nonprofit orga-
nizations are required to hold an annual meeting.
RLIA hosted their event on August 25, 2012 in Lake
Mills. The event was attended by approximately
fifty people, including RLIA members, WRM cohort
students and advisors, and other interested members
from the community. WRM students gave a short
presentation highlighting recent findings, as well as
a proposed restoration option for a portion of the
watershed. Students provided attendees with the
opportunity for questions and comments:

Is muck the prominent sediment deposited
in the channel? Recently analyzed soil cores

demonstrated that the sediment was approxi-
mately 65% fine sand.

It was mentioned that dredging a wetland
would be a part of the solution to the prob-
lem. Would dredging in a sensitive wetland
area be an issue? \Wetland maintenance
occasionally requires periodic dredging. The
maintenance schedule would be a function of
how much sediment is coming in.

Is phosphorus coming into the lake still going
to be an issue? Phosphorus can be taken up to
some degree by the wetland vegetation.

How old is the sediment that was analyzed
in the cores? The sediment cores that were
taken this summer contained sediment accu-
mulated after the dredging in October 2011.

Are there visible signs of erosion anywhere
throughout the ditch? WRM students have
seen some ephemeral gullies and eroded

FIGURE 2.34 CoDY MEIER AND KATIE VAN GHEEM PRESENT
FINDINGS AND RESTORATION OPTIONS AT THE ROCK LAKE
IMPROVEMENT ASSOCIATION ANNUAL MEETING IN LAKE MILLS.
PHOTO CREDIT: MEGAN PHILLIPS, 8.25.12
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stream banks. These will require stabiliza-
tion efforts in areas that have steep slopes.
Sediment does not come from a single
location, but rather from a number of erod-
ing areas. A wetland would trap sediment
and slow pollutant transport. Some drainage
capacity must be maintained in the upland
area. The ideal wetland site would be near
Korth Park.

What will a wetland restoration accom-
plish? Phosphorus binds to soil particles
which would be trapped within a wetland.

Following the presentation, a group of WRM
students held a “wetland walk” that showcased
several monitoring wells and sampling sites, as well
as the crest stage gage constructed by students
earlier in 2012.
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CHAPTER 5: RECOMMENDATIONS

The following section contains a suite of recommen-
dations that we believe will appropriately address the
environmental concerns of the Miljala Channel water-
shed. These suggestions are based on careful analysis
of baseline data, collected over the last 12 months,
related to the hydrology, hydrogeology, and ecol-
ogy of the site. We believe these recommendations
can be implemented in a way that will be accept-
able to private landowners. Implementation of these
recommendations will not only meet the objectives
outlined in the beginning of this report, but will serve
to enhance the quality of life of Lake Mills residents
and enhance the recreational and ecological value of
Korth Park.

Farm Field Management Changes

1. Update the nutrient management plan of
the farm field south of Shorewood Hills Road
to reduce phosphorus and bacteria associ-
ated with manure application. Specifically,
we recommend an update to the phosphorus
index based on distance to the drainage ditch,
accompanied by an amended manure appli-
cation plan if warranted.

2. Plant denser vegetation in the buffer
strip adjacent to the farm field south of
Shorewood Hills Road to reduce runoff
velocity and allow for nutrient, bacterial and
sediment interception.

Wetland Restorations

3. Restore shallow marsh wetlands in at least
two sections of the ditch to control nutrients,
sediment, and bacteria.

4. Control the velocity of peak flows during
precipitation events to minimize bank erosion
and re-suspension of deposited sediment. In
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areas where wetland restoration is not possi-
ble, reduce bank erosion through streambank
stabilization, upstream detention, check
dams, or similar control structures.

Regulatory updates

5. Update local regulatory development stan-
dards to reduce the runoff potential of
future development projects, as outlined in
Wisconsin Administrative Code Chapter NR
151.121-129.

~LARM _FIELD RECOMMENDATIONS

We identified the primary source of the phosphorus
as chicken manure applied to a farm field directly
west of SS5. While the nutrient management plan for
this field had been approved by the DNR, its phospho-
rus index had been computed based on distance to
Rock Lake. We recommend an update to the phos-
phorus index based on distance to the drainage ditch,
accompanied by an amended manure application
plan if warranted. The landowner has expressed a
willingness to change his nutrient management plan.
This will reduce phosphorus and bacterial loading to
the lake in the long-term.

B

FIGURE 3.1 AN EROSIONAL GULLY IN THE FARM
FIELD SOUTH OF SHOREWOOD HiLLS ROAD. PHOTO
CREDIT: STEVE NEARY, 5.31.12
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However, because of high phosphorus levels in the
soil, the field will continue to leach phosphorus into
the ditch for the short-term. This loading could be
further reduced by planting and maintaining denser
vegetation in the buffer strip adjacent to the field.
The current vegetation is sparse, shallow-rooted,
and annual. Dense, deep-rooted perennial vegeta-
tion can better intercept phosphorus associated
with sediment erosion and take up more dissolved
phosphorus from the soil.

MWETLAND RESTORATION RECOMMENDATIONS _

Neither of the first two recommendations can
address the mobilization of contaminated sediment
(Figure 3.2) that has settled in the ditch bottom, or
the downstream source of bacteria — possibly from
wildlife or from bacteria free-living in the soil. They
do little to address the sediment problem, which
includes bed and bank erosion in the ditch (Figure

FIGURE 3.2 SAND DEPOSITION AT THE
CULVERT OUTLET INTO MILIALA CHANNEL.
PHOTO CREDIT: STEVE NEARY, 10.5.12.
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RE 3.3 VEGETATION WAS CUT ON THE STEEP BANKS ABOVE THE
CULVERT OUTLET TO THE MILJALA CHANNEL. TO PREVENT FURTHER EROSION,
THESE BANKS SHOULD REMAIN VEGETATED THROUGHOUT THE YEAR. PHOTO
CREDIT: STEVE NEARY, 8.22.12

FiGu

3.3). A wetland restoration can effectively treat all
three pollutants of concern: sediment, phosphorus,
and bacteria.

Sediment Control

The principal function of the restored wetland
would be to slow the velocity of water moving
through the watershed during both baseflow and
stormflow events. High velocity flows have shown
to be a significant source of bank erosion. Reducing
the velocity of water moving through the system will
reduce erosion and cause any suspended sediment
to settle out before reaching the Miljala Channel.

Phosphorus Control

Emergent vegetation in the wetland contributes
to the control of suspended sediment by impeding
flow and causing sediment to drop out of the water

o -
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column. The phosphorus attached to suspended
sediment is thus removed from the water column.
Wetland vegetation also serves to control phospho-
rus by acting as a sink. In this process, phosphorus
is taken up by roots and sequestered into plant
tissue where it remains until it is slowly released

by decomposition processes. Under the anaerobic
conditions that occur in wetland soils, decomposition
can be very slow — this buildup of organic matter
in wetlands produced the muck soils found in the
lowlands of the watershed.

Bacteria Control

A shallow marsh wetland restoration would also
address the problem of coliform bacteria in several
ways. First, wetlands have been shown to have a high
potential for retention of coliform bacteria (Knox et
al., 2008). Since the wetland vegetation slows the
velocity of water flowing through it, the residence
time of water in a wetland increases. This means
that it takes much longer for bacteria introduced
into a system through runoff to reach the outlet of
a wetland. During this time, bacteria are suscep-
tible to predation and sorption to sediment and
vegetation (Gerba et al., 1999). Bacteria attached to
re-suspended sediment are subject to these same
processes. Direct sunlight can also affect coliform
inactivation and persistence. It has been shown that
areas of shallow open water allow for exposure to
ultraviolet radiation that can kill coliform bacteria
(Gerba et al., 1999).

A wetland restoration would also create habitat and
recreational benefits not addressed in the project
objectives. A shallow marsh wetland would increase
the attractiveness of the watershed for wildlife,
particularly waterfowl that use these wetlands
during migratory periods. An increased wildlife pres-
ence would likely increase park visitation by bird
enthusiasts and the wetland itself would present an
opportunity for an interpretive trail throughout the
site.

THE MILJALA CHANNEL OF Rock LAKE

~LEASIBILITY OF WETLAND RESTORATION

The site itself presents a perfect canvas for a
wetland restoration. Feasibility of wetland restora-
tion is highest where wetlands have been previous
drained, where hydric soils are present, and where
hydrology can be easily restored (Miner et al., 2003).
Soils, topographic maps, and landowner accounts
all confirm that the site was a permanent wetland
prior to human settlement. The year-round discharge
of groundwater ensures that adequate water will
be present to support wetland plants if drain-
age is restricted. Wetland experts we spoke with
commented that the intact wetland soils at the site
would increase the probability of success.

Vegetation surveys of the watershed also indicate
the presence of wetland flora (Table 3.1). In many
cases, hydric soils will maintain a seed bank of
wetland plant species that germinate when the soil
is disturbed (Galatowitsch and van der Valk, 1995).
While sites that have been drained and cultivated for
more than 20 years have much smaller seed banks
with fewer species than do recently drained wetlands
(Wienhold and Van der Valk, 1989), it is possible
that a native seed bank would contribute to the
re-vegetation component of a wetland restoration.
Germination studies should be executed prior to any
proposed seeding plans in order to determine the
viability of seeds stored in wetland soils.

Site vegetation is currently dominated by reed
canary grass, an invasive species (Figure 3.4). To
establish more diverse vegetation and maximize
habitat benefits, reed canary grass would have to be
controlled, except in locations of permanent standing
water. Sod scraping with a bulldozer can be effective
and can expose the seed bank, or some combina-
tion of well-timed mowing, herbicide application
and burning can be used (WRCWG, 2009). Since high
phosphorus levels, sediment deposition, and water
level fluctuations favor invasive species like reed
canary grass and narrow-leaf or hybrid cattails, this
could be an uphill battle. Wetland restoration is often
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TABLE 3.1 MILIALA CHANNEL WATERSHED PLANT
SPECIES LIST. THESE SPECIES WERE OBSERVED OVER THE
COURSE OF THE PROJECT PERIOD. A COMPREHENSIVE
VEGETATION SURVEY SHOULD BE CONDUCTED PRIOR TO
IMPLEMENTATION OF ANY RESTORATION ACTIVITY.

Plant Species List

Herbaceous

Angelica

Angelica atropurpurea

Aster

Aster spp.

Bofttlebrush sedge

Carex comosa

Burdock

Arctium lappa

Cattail Typha spp.
Creeping charlie Glechoma hederacea
Cup plant Silphium perfoliatum

Cursed buttercup

Ranunculus sceleratus

Dame's rocket

Hesperis matronalis

Duck potato

Sagittaria lancifolia

Duckweed

Lemna minor

Garlic mustard

Alliaria petiolata

Giant ragweed

Ambrosia trifida

Marsh goldenrod

Solidago uliginosa

Marsh milkweed

Asclepias incarnata

Muskgrass

Chara spp.

Owlfruit sedge

Carex stipata

Prairie cord grass

Spartina pectinata

Reed canary grass

Phalaris arundinacea

Soft stem bulrush

Schoenoplectus
tabernaemontani

Sticky bedstraw

Galium aparine

Stinging nettle

Urtica diocica

Sweet cicely

Myrrhis odorata

Wild Iris

Iris versicolor

Woody

American elm

Ulmus americana

Bebb's willow

Salix bebbiana

Black willow Salix nigra

Box elder Acer negundo
Buckthorn Rhamnus cathartica
Cottonwood Populus deltoides
Green ash Fraxinus pennsylvanica
Honeysuckle Lonicera spp.

Quaking aspen

Populus tremuloides

Red osier dogwood

Cornus stolonifera

Sandbar willow

Salix exigua

Weeping willow

Salix babylonica

White pine

Pinus strobus
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promoted as providing both species diversity and water
treatment benefits, without an acknowledgement that
these objectives can sometimes be in conflict (Zedler,
2000). However, there is certainly some habitat value of
even a stand of cattails, and the restoration plan could
target planting and invasive species control efforts to
less-impacted areas.

To remove invasive species and expose the native seed
bank, wetland expert Jeff Nania recommended a strategy
that included plugging the ditch with the dredge spoils,
scraping off the reed canary sod, and lightly regrading
the landscape to match pre-development contours. Deep
ponds have limited habitat benefit and are no longer
recommended. Nania emphasized the importance of an
equipment operator experienced in wetland restoration
for making critical on-site adjustments.

One final element crucial to the success of any project
implemented in the watershed is community involve-
ment. A wetland restoration will require full utilization of
community resources, including communication, labor,
and financing. The master plan for the site should be
adaptive in nature, with a built in strategy for assessing

FIGURE 3.4 THE BUFFER STRIP BETWEEN
SS5 AND SS7 WAS ESSENTIALLY MONOCULTURE
PATCHES OF REED CANARY GRASS AND STINGING
NETTLE. PHOTO CREDIT: STEVE NEARY, 6.26.12




progress and project objectives during every step of
the process. The community must be included in the
assessment process to ensure that their needs are
being met in an efficient and cost effective manner.
An adaptive plan allows for changes to be made

if these needs are not being met or if unforeseen
circumstances arise that were not accounted for

in the original plan. Community involvement in all
phases of this project (planning, implementation,
maintenance) is required in order to ensure its long
term sustainability.

LOCATIONS OF WETLANDS AND IMPACT ON
LANDOWNERS

A wetland restoration is only feasible with the coop-
eration of affected landowners. Wetland restoration
may be compatible with some uses of the properties
— for example, hunting or harvesting of marsh hay.
However, several landowners may want to maintain
drainage to allow for farming, for development, or
for ATV/snowmobile use. Unless they are willing to
sell land or easements, restoring all 28 acres of hydric
soils to wetland is not a viable option. However, as

A\ —
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Restored Wetland:
0.5to 1.5 acres
Max water elevation 832 ft

777

Restored Wetland
and Buffer Strip:
0.5 to 1.5 acres
Max water level

Restored Wetland:
0.7 to 1.5 acres
Maxwater level 834-835

FIGURE 3.5 POSSIBLE LOCATIONS FOR MANAGEMENT PRACTICES.
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described in the Hydrology section, only 3 acres of
wetland are needed to provide effective sediment
control, and there is sufficient slope on the site

so that impounding water at one location can still
allow for drainage of upstream areas. Consultation
with landowners and more detailed engineering are
necessary to identify the best locations for wetlands,
but a few possible sites are shown in Figure 3.5.

Immediately upstream of the Cedar Lane culvert,
the ditch is shallow and the ground around it is
usually saturated; the area is already a designated
wetland. The owners of the out lot, Hope and Steve
Oosdik, have little use for it other than storage on
the uplands and may be open to further restoration.
Plugging the ditch will prevent further undercutting
of the banks. Establishing open water areas neces-
sary for sedimentation and bacterial control will
require a control structure at the culvert. Dikes may
be impractical because of the soil type, but with
excavation and a control structure, 0.5 to 1.5 acres
of shallow emergent marsh could be created. The
low elevation of the road and presence of trees puts
some constraints on more ambitious plans.

Because of the potential to enhance habitat values
in Korth Park, a wetland restoration along that
stretch of the ditch is especially appealing. A low
area of giant ragweed could be scraped to create
0.7 acres of shallow emergent marsh. If neighbor-
ing landowners are interested in participating, this
could be expanded. Some water could be backed up
into the ditch with minimal impacts on drainage of
upstream parcels.

A third location is upstream of SS7. The loose sedi-
ment in the bed of the upper reaches of the channel
has the potential to wash out in large rain events.
Plugging the ditch and routing flows into a wetland
would slow flows and prevent this from happen-
ing. A wetland here could also reduce downstream
bank erosion by reducing velocity and volume of
stormflow. One possible location for the wetland
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is in the buffer strip surrounding farmland, since
the area is intended to be used for phosphorus
treatment and already supports cattails. A soil test
should be conducted before installing a wetland as
manure-impacted soils have been known to release
phosphorus to the water in anoxic wetland condi-
tions, depending on soil properties (Pant et al.,
2002).

This area is all private property, very flat, and used
for ATV and snowmobile trails. To minimize impacts
to landowners, the outlet can be designed so that
surface water in the ditch drains down between
large rain events. This fluctuation in the water table,
or bounce, is incompatible with a diverse wetland
community; however, a cattail marsh could be estab-
lished — some are already present. Or since this area
has not been effectively drained by the ditch, this
could be an area to discuss the purchase of ease-
ments for a permanent wetland.

DESIGN CONSIDERATIONS FOR A

RESTORED WETLAND

Since too large a fluctuation in the water level, or
“bounce,” can kill desirable species and promote
invasive species, the outlets and control structures
must be designed differently from ponds where
temporary detention of water after a stormis a
major consideration. This does increase the area
necessary for effective treatment, but as described
in the Hydrology section, a 3 acre wetland with no
bounce could still provide 5 micron control in the
1-year, 24-hour storm.

Accumulated sediment will reduce the effectiveness
of ponds or wetlands. A forebay can be designed to
trap coarse sediment and allow for ease of mainte-
nance — these are typically four feet deep with a
concrete or gravel bottom. Vehicular access may be a
challenge. Otherwise, deeper pools within the pond
or wetland must be designed with enough volume
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to store sediment over a 10-20 year timeframe. If
multiple wetlands are installed, the sediment load
per area may be small enough that sediment could
be allowed to accumulate without maintenance,
although this will have impacts on the succession of
the plant community over time and require adaptive
management.

For wetlands to be effective in sediment control, it
is important to prevent scouring and re-suspension
of trapped sediments during high flow events. This
can be done by having deeper ponds for sediment
storage, designing for alternate flow routes in high
events, or by providing enough storage to limit
velocity during large events. In addition, much of
the sediment erosion in this watershed may occur
during large events. This is the case in drained peat-
lands, where special control structures, have proved
successful in controlling sediment loads (Marttila et
al., 2010). The special control structures allow for
unimpeded low flows and normal drainage while also
providing back up for water during floods An addi-
tional option to limit high flows is to create temporary
detention ponds, or infiltration basins, to intercept
runoff from contributing areas such as the Shorewood
Hills culvert. To avoid erosion of muck soils, surface
velocity above 0.06 m/s (or 0.15 m/s in a small ditch)
should be avoided (Martilla et al., 2008).

CHANGES TO REGULATORY DEVELOPMENT

STANDARDS

Maintaining infiltration performance standards
for runoff management of new development and
re-development sites is important, as regulation and
enforcement are required to adequately maintain
pre-development conditions. Peak runoff discharge
rates are maintained to pre-development, good
hydrologic conditions for appropriate land covers,
as identified in TR-55 or an equivalent methodology
(Chapter NR 151.12 Wisconsin Administrative Code).
If infiltration performance standards are not correctly
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regulated, large runoff events can lead to increased
water volume, pollutants, and sediment reaching the
outlet of the impacted watershed.

Infiltration standards were examined using Chapter
NR 151 of the Wisconsin Administrative Code and
the Town of Lake Mills ordinances. Chapter NR
151.121-129 was updated in January 2011, with any
construction prior to January 2011 being regulated
under NR 151.12- post-construction performance
standard for new development and redevelopment
(Lowndes, 2012). According to NR 151.12:

Peak discharge regulations for Wisconsin
lands developed prior to January 2011 shall
employ Best Management Practices (BMPs)
to maintain two-year, 24-hour design storms
with a type Il distribution with sufficient
management to infiltrate at least 90 percent
of pre-development infiltration volume and 25
percent of post-development runoff volume
for residential developments and 60 percent
of pre-development infiltration volume and 10
percent of post-development runoff volume
for subdivisions only, respectively (Chapter NR
151.12 Wisconsin Administrative Code ).

However, Wisconsin lands developed after January
2011 (NR 151.123-124) shall:

Employ BMPs to maintain one-year, 24-hour
and 2-year, 24-hour pre-development peak
runoff discharge rates with low impervious-
ness areas (development up to 40 percent
connected imperviousness) infiltrating at
least 90 percent of pre-development infil-
tration volume, moderate imperviousness
areas (>40-80 percent connected impervious-
ness) 75 percent, and high impervious areas
(>80 percent connected imperviousness) 60
percent, respectively (Chapter NR 151.121-129
Wisconsin Administrative Code).
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The Town of Lake Mills regulates runoff rates under
the land and subdivisions regulations (5-4-5 Town
of Lake Mills - Land and Subdivision Regulations).
Presently, peak runoff rates are regulated to main-
tain ten-year storm events. We recommend that
Lake Mills update this ordinance to include one-year,
24-hour and two-year, 24-hour storms. Examining
only ten-year storm events leaves out numerous
low floods that occur from storms with a shorter
return period, which, due to their greater frequency,
are a likely contributor to increased sedimentation.
Ordinances of impervious areas and infiltration
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volumes in the Town of Lake Mills have been
implemented to allow development of impervious
surfaces up to 20 percent (low impervious areas)
and control 90 percent of post construction runoff
(5-4-5 Town of Lake Mills - Land and Subdivision
Regulations). The Town of Lake Mills should update
their ordinances to 90 percent of pre-development
runoff volume, rather than 90 percent of post
construction, because runoff rates may greatly
increase post-development; analyzing only post-
development conditions is insufficient when trying to
maintain natural conditions.
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GLOSSARY

anthropogenic — man-made, or relating to human
impacts on nature

baseflow — lower flows, associated with groundwa-
ter, that slowly reach the stream

drumlin — an elongated hill formed by glaciers

evapotranspiration — includes water that evapo-
rates from the soil, standing water, or leaf surfaces,
as well as water that passes through plants

infiltration — the portion of precipitation that soaks
into the soil

interflow — rapid horizontal movement of water in
the unsaturated zone of the soil

invasive species — an introduced plant or animal
species which aggressively displaces native wildlife
or otherwise disrupts the ecosystem

overland flow, or runoff — the portion of precipita-
tion that runs across the land surface

reach — a section of a stream; groundwater flows
into a gaining reach and out of a losing reach

recharge — the portion of precipitation that reaches
the water table, or saturated portion of the soil
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residence time — the average amount of time that a
particle spends in a given part of a system

saturated zone — groundwater; portion of the soil
or rock in which the pores are completely filled with
water

stage — the water level above an arbitrary point,
such as zero on a staff gage

stormflow — higher flows associated with water
that rapidly reaches the stream through overland
flow and interflow

thermotolerant coliform bacteria — a group of
bacteria that include species found in the guts of
humans and other warm-blooded animals, and
therefore useful as an indicator of potential fecal
contamination

transpiration — water that evaporates from the
open pores of leaves and stems, driving water move-
ment in a plant

unsaturated zone — portion of soil or rock in which
the pores are only partially filled with water

watershed, subwatershed, or catchment — an area
of land that all drains to the same point
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APPENDIX A:

FUTURE PROJECT FUNDING

~LUTURE_PROJECT FUNDING

The restoration, enhancement and reclamation of
wetlands are all growing priorities for communities
across Wisconsin and the country. Funding is needed
to finance a solution that limits sediment deposition
and surface runoff containing phosphorus and bacte-
ria in the watershed. A number of state, federal, and
non-governmental agencies provide funding oppor-
tunities that may be used to implement the solutions
put forth in this report. Members of the WRM cohort
met with both governmental and non-governmental
agencies to discuss future funding opportunities
and potential partnerships. Jim Welsh from Natural
Heritage Land Trust and Susan Graham at the
Wisconsin DNR both provided invaluable information
related to funding sources and also offered advice on
how to proceed with different options. For example,
DNR grant applications are often more competitive if
the organization seeking funding meets with a DNR
staff person prior to the submission of the applica-
tion to devise a framework for the project and to
gain insight on how to strengthen the organization’s
application. For the purposes of this report, we have
divided funding into six main categories: (1) planning
grants, (2) wetland and water body restoration grants,
(3) wildlife improvement grants, (4) agricultural
improvement grants, (5) general conservation grants,
and (6) non-governmental assistance.

KEYS T0 FUNDING SUCCESS

After meeting with individuals with expertise in the
field and investigating projects similar to the Miljala
channel project, it is evident that there are a few key
factors that can lead to funding success.
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First, the project needs to create partnerships and
alliances across the spectrum. We see great poten-
tial in the relationship between RLIA, the Jefferson
County Soil and Water Conservation Department,
and UW-Madison. However, expanded partnerships
would make the project more competitive to grant
reviewers. For instance, Jim Welsh, Executive Director
at Natural Heritage Land Trust, pointed out that Korth
Park is already slated for expansion in the Glacial
Heritage Area. The Glacial Heritage Area is a large
coalition of both governmental and nongovernmen-
tal agencies and individuals that have preliminarily
mapped out conservation goals and strategies for
the southern Wisconsin region. The fact that Korth
Park has already been highlighted as a high priority
restoration initiative by a large number of conser-
vation minded groups with a history of successful
project completion is promising for grant acquisition.
In the future, it would be helpful for groups like RLIA,
the Jefferson County Soil and Water Conservation
Department, Glacial Heritage Area, and local land
trusts or other conservation planning organizations,
to meet and build integrity in the project through
documented conversation and planning.

Additionally, if RLIA is going to apply for and acquire
grant funding, the organization needs to have a strong
history of project success. RLIA must document that
it can organize and execute conservation projects,
supply adequate volunteer matching hours, and
rally support from the local community by obtaining
letters of support from municipalities, conservation
groups, and others. The RLIA garlic mustard pulling
events are a great example of a project that a funding
organization would like to see. However, these types
of projects need to be documented, and it would be
ideal if there were tangible evidence of long term
improvement at the project site.
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~LLANNING AND MANAGEMENT GRANTS __

Planning grants provide the funding to set a project
in motion. This funding would provide the Miljala
Channel project with the resources to contract resto-
ration technicians to draft detailed plans of what
the proposed solution will realistically entail (which
will greatly depend on the agreed upon solution).
Planning grants are generally less than $10,000, but,
in addition to allowing the development of project
plans, they can also make future grant funding appli-
cations more robust and increase the likelihood of
acquiring funding to later implement the plans.

Management grants delve into more depth than
planning grants and allow for implementation of a
larger scale project (up to $100,000). Students from
the WRM cohort had the opportunity to meet with
Susan Graham, a local DNR Lake Management Grant
Specialist, to learn how this funding avenue may be
helpful for RLIA. This type of grant requires a 25%
local share, which can be accounted for directly in
dollars or indirectly via volunteer hours and dona-
tions. The annual deadline for this grant application
is May 1. The application narrative should focus
on the Miljala Channel’s impact on Rock Lake at
large to ensure that the scope of the project is wide
and benefits the entire community. These grants
are competitive and Susan Graham recommended
consulting with her throughout the application
process.
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MWETLAND/WATERBODY RESTORATION GRANTS

Wetland/waterbody restoration grants are those
that are specific to the reclamation, restoration,
or creation of wetlands and/or small waterbodies.
Wetlands and waterbodies can provide additional
wildlife habitat benefits.

After Congress passed the 2002 Farm Bill, large
amounts of federal funding became available for
wetland restoration programs. The Natural Resource
Conservation Service (NRCS) and Farm Service
Agency (FSA) offices for Jefferson County could
provide a list of incentive programs, including those
listed below:

1. The U.S. Department of Agriculture Natural
Resources Conservation Services (USDA-
NRCS) created a “List of Eligible Practices
and Payment Schedule” in November 2010
to outline the purpose and applicability for
practices eligible to receive funding. Two of
these programs, Wetland Creation 658 and
Wetland Restoration 657, may be applicable
for the project.

a. The Wetland Creation 658 applies to sites
where no natural wetland occurred or where
a wetland exists or existed. For shallow
water areas with an average depth less than
12 inches, $3,765 per acre may be received.
For a shallow water area with average depth
from 12 to 24 inches, $6,803 per acre may
be received. The site must be maintained for
a span of 15 years after installation.
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b. The Wetland Restoration 657 applies to
sites with hydric soils that were drained or
altered and are capable of storing water for
the development of a wetland system. The
same compensation from Wetland Creation
658 is available. The program does not apply
to existing non-degraded wetlands with intact
native plant communities. Again, the practice
must be maintained for a lifespan of 15 years
after the year of installation.

The Wetlands Reserve Program (WRP) within
the USDA-NRCS is a voluntary program
seeking to restore and protect wetlands on
private property. Landowners receive finan-
cial support from USDA-NRCS in exchange for
restoring wetlands that have been drained for
agriculture.

a. An easement option is available in which
the USDA pays 100 percent of the easement
value and up to 100 percent of the restora-
tion costs.

The U.S. Fish and Wildlife Service Division

of Bird Habitat created North American
Wetlands Conservation Act Grants to provide
matching grants to organizations that have
developed partnerships to carry out wetland
conservation. Since 1996, 25 projects have
been approved in Wisconsin alone, receiv-
ing a total of $1.13 million in grants. In 2008,
the Wisconsin projects included: Love Lake
Springs (Burnett County), a 37 acre site
awarded $75,000 with $527,463 in matching

funds; Meadow Valley Flowage (Juneau
County), a 600 acre site awarded $75,000
with $87,500 matching funds; and the
Northwest Wisconsin Wetland and Grassland
Program of Polk, Burnett and St. Croix coun-
ties, which will restore and enhance 638 acres
of wetlands, awarded $75,000 with matching
funds of $75,000. The application deadline is
March 1.

Five Star Restoration Program provides
grants with awards ranging from $10,000 to
$40,000 per project. It was established by the
EPA to promote work on community-based
wetlands restoration projects. Its objective

is to engage five or more partners in each
project to contribute funding and assistance.
The application process is online through

the National Fish and Wildlife Foundation
website. Applications open in late fall and

are accepted until early March. Awards are
made in late spring. Since 1999, 10 projects in
Wisconsin have been awarded grants ranging
from $6,400 to $20,000.

Freshwater Future Grant Programs provide
four different grants. Perhaps the most useful
grant for this project would be the Project
Grant Program. Awards range from $500 to
$3,500. The deadline for spring is March 31
and fall is September 30.
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MILDLIFE IMPROVEMENT GRANTS

Wildlife improvement grants are categorized as
those whose ultimate goal is the benefit of some
organism(s) and/or its habitat. Grants in the section
seek projects that add to the long term viability of
certain wildlife.

1. United States Fish and Wildlife Service,
Partners for Fish and Wildlife Program: The
group works with private landowners and
can provide funding for private landowners
doing restoration work on their property.

2. Natural Resources Foundation, Besadny
Grant Program: The C.D. Besadny
Conservation Grant Program provides
matching grants for small-scale projects
that promote the responsible stewardship
of Wisconsin’s natural resources at the local
level by providing funding ranging from $100
to $1,000. Grants must be matched 100%
by the recipient organization. Applications
must be received by January 15th of the year
which the grants are awarded; funds are
awarded in early March.
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Upper Mississippi River Watershed Fund
(UMRWEF): Lake Mills lies within the Upper
Mississippi River Watershed and thus
qualifies for this program. The UMRWF is

a partnership between the USDA Forest
Service and the National Fish and Wildlife
Foundation. This project could address
three of the five funding priorities listed for
the grant: loss of migratory bird habitat,
regeneration of bottomland hardwoods, and
establishment of riparian forest buffers to
enhance water quality and aquatic habitat.

Grant awards range from $15,000 to
$75,000 and require match that is non-
federal in origin. Pre-proposals are due on
April 15 and the full proposal is due on June
15, with each being submitted online at
the Nation Fish and Wildlife Foundation’s
website.




~AGRICULTURAL_TMPROVEMENT GRANTS _

Agricultural improvement grants are those that
target farmland and the improvement of farm prac-
tices to achieve some conservation goal. These grants
could be applied for in addition to work done directly
in the Miljala Channel. Agricultural grants could be
used to mitigate sediment/bacteria/nutrient prob-
lems within the greater Miljala watershed area.

1. Conservation Reserve Program (CRP) is a
federal effort in which landowners receive
incentive and cost share payments for install-
ing long-term conservation practices. The
site must be located in designated Statewide
Conservation Resource Enhancement
Program Priority Areas.

2. Conservation Resource Enhancement
Program (CREP) is a subset of the CRP
program; CREP projects are state sponsored
provisions of the USDA. The CREP program
pays landowners to install filter strips along
waterways or to return continually flooded
fields to wetlands. Options for enrollment
are through either a 15 year agreement or
a perpetual easement. Incentives to do so
include cost sharing of conservation prac-
tice installation, up front payments, and
annual soil rental payments. The payment is
1.5 times the annual rent rate for a 15 year
contract or 12 times the annual rent rate for
a permanent easement. On average, partici-
pants have received payments of $2,000 per
acre for 15-year contracts and $2,850 per
acre for perpetual conservation easements,

over an agreed upon timeframe. Eligible lands

must be within 150 feet of an eligible stream
or water body. Both of these programs are
voluntary.

* For more information see Appendix C of Jefferson

County Farmland Preservation Report, UW-URPL 2007
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~GENERAL_CONSERVATION GRANTS __

General conservation grants are those that can be
applied to most of the proposed solutions and to any
area in need of funding. These grants are targeted at
general improvement of conservation areas.

The Wisconsin Wetlands Association has done an
excellent job of regularly posting notices of such
opportunities. Their website, wisconsinwetlands.org/
funding, provides a list of applicable funding sources.
Listed below are a few sources that would be applica-
ble for the restoration/enhancement of the potential
Korth Park wetlands suggested by this report.

North American Wetlands Conservation Act Grants

The act provides matching grants to organiza-
tions that have developed partnerships to carry out
wetland conservation. Since 1996, 25 projects have
been approved in Wisconsin alone, receiving a total
of $1.13 million in grants. In 2008, the Wisconsin proj-
ects were: Love Lake Springs (Burnett County), a 37
acre site awarded $75,000 with $527,463 in matching
funds; Meadow Valley Flowage (Juneau County), a
600 acre site awarded $75,000 with $87,500 match-
ing funds; and the Northwest Wisconsin Wetland
and Grassland Program of Polk, Burnett and St. Croix
counties that will restore and enhance 638 acres of
wetlands, awarded $75,000 with matching funds of
$75,000. The application deadline is March 1.
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NON-GOVERNMENTAL _ASSISTANCE _____

The following are agencies that may provide
financial assistance or partnerships for a wetland
restoration project.

Wisconsin Waterfowl Association

Wisconsin Waterfow! Association has restored thou-
sands of acres of wetland and upland habitat with
their top priority being restoration of Wisconsin’s
wildlife habitat. Wisconsin Waterfow!| Association
is always seeking good habitat restoration projects
within the state of Wisconsin.

Ducks Unlimited, Inc.

This non-profit organization provides assistance
for managing lands as wildlife habitat, including
cost-sharing assistance, engineering services, and
on-site surveys for wetland restoration. Funds are
administered through the MARSH program, oper-
ated cooperatively with the DNR. The program will
match funds for projects benefiting waterfowl and
their habitat and provides cost sharing for wetland
restoration on private land.

Natural Heritage Land Trust

This organization works with private landowners to
purchase easements on land in priority conservation
areas across the state. Many of these purchases are
made in conjunction with an agreement with local
counties to enhance recreational opportunities for
the public, including the installation of interpretative
trails, boat landings, and other amenities.
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APPENDIX B:

GEOLOGY AND ZONING

-ROCK_LAKE _REGIONAL_GEOLOGY

The geology of Jefferson County is primarily influ-
enced by bedrock geology, erosion, and deposition.
Specifically, erosional and glacial episodes radically
changed the bedrock, hydrology, and surface features
of the area. Bedrock topography in Jefferson County
is relatively flat, with highest and lowest elevations in
the northwest and southeast corners of the county,
respectively (Boreman and Trotta, 1975). The dolomitic
Sinnipee group underlies glacial deposits throughout
much of the county (Feinstein et al., 2004). Within
the area surrounding Rock Lake, stream channels
cut through the Sinnipee group creating valleys and
exposing underlying formations. St. Peter Sandstone,
Prairie du Chien Dolomite and Cambrian Sandstones

were uncovered and now form the uppermost bedrock
formations in stream cut valleys (Boreman and Trotta,
1975).

During the glacial period, moraines and drumlins were
formed when unconsolidated sediment was deposited
throughout the region. Glacial Lake Scuppernong was
formed from melt water during glacial recession. The
lake deposited silty-clay sediment in the valleys and
between drumlins. Lake elevations corresponded to
the Lake Mills and Green Lake Moraines at elevations
of 855 and 840 feet, respectively (Alhakimi, 2002).

The Miljala Channel watershed is located on
the upper edge of a bedrock valley. The St. Peter
Sandstone is the upper bedrock unit underlying glacial

FIGURE B.1

INFILTRATING MELTWATER IN THE FIELD BETWEEN TWO DRUMLINS. A DRAIN TILE

CONNECTING SS4 TO THE DITCH RUNS ALONG THIS FIELD (RIGHT HAND SIDE OF THIS PICTURE).

PHOTO CREDIT: STEVE NEARY, 2.29.12
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material. A bedrock valley drops to the north, south,
and west of the lake. Galena and Platteville forma-
tions are present on the opposite side of the bedrock
valley to the north and south of Rock Lake (Boreman
and Trotta, 1975). Generally, the water table has
local highs in locations where Galena and Platteville
formations are present. Therefore, water flows north
and south toward the watershed before turning to
flow east into Rock Lake.

Groundwater flow decreases where the valleys
are filled with low permeability lacustrine sediment
deposited in Glacial Lake Scuppernong. Well logs
report depths of lacustrine, silty-clay sediment up
to 100 feet below the land surface. Along Highway
S there is a regional high in groundwater elevation
with a decrease in water table elevation correspond-
ing to a decrease in land elevation toward Rock Lake.
Where elevation drops quickly, groundwater enters
the system where the lacustrine sediment surface
dips below regional groundwater levels. This creates
the conditions necessary for an accumulation of
dead plant tissue and results in the formation of the
highly decomposed, organic Houghton Muck soil
present within the watershed today.

~ZONING IN THE MILJALA_CHANNEL WATERSHED

One way Jefferson County protects its waterways
is through designation of Shoreland - Wetland
zones. These include all areas within 1,000 feet of
the “ordinary high water mark of navigable lakes”
and “300 feet of ordinary high water mark of navi-
gable rivers” (Jefferson County Zoning Ordinance
No. 11, 2012). Because the ditch is not considered
navigable, the Miljala Channel watershed does not
have a significant area zoned as Shoreland — Wetland
(Staff, 2012). Unless a landowner requests rezoning
to Natural Resource, the county does not have the
ability to designate land as a Shoreland — Wetland
zone (Cicero, 2012). Instead, at the state level, the
DNR has the power to protect the wetlands through
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permit enforcement. As seen in Figure B.2, a small
section of the watershed is currently identified as a
wetland according to the DNR. Although not delin-
eated as a “special wetland planning” area, a much
larger portion of land in the watershed has been
recognized as having wetland indicator soils and as a
potentially restorable wetland (DNR, 2012). Since no
waters within the watershed are considered naviga-
ble, there is no federal jurisdiction over these waters.

Flood Hazard Boundary maps, adopted by Jefferson
County, determine the extent of the flood plain of
rivers or streams in Jefferson County. Portions of
land immediately adjacent to the channel have been
designated as a flood plain, but they do not comprise
any portion of the drainage ditch area, despite a
hydrologic connection to the lake.

Zoning plays a key role in establishing guidelines for
land use. According to Jefferson County, the Miljala
Channel Watershed is currently zoned, in order from
greatest to least number of acres, as agricultural,
rural residential, residential — sewered, agricultural
transition, and natural resources (Figure B.3).

Under the Jefferson County Farmland Preservation
and Land Use Plan, agricultural land is designated
exclusively as farmland and agricultural preservation
area. The community has prioritized preservation of
this land for farming, over residential development,
due to soil suitability for cropland (Jefferson County
Zoning Ordinance No. 11, 2012). Both types of resi-
dential zoning allow for construction of single family
residences; however, sewered residential lots are
located in the City of Lake Mills sewer system and
rural residential lots are larger lots that may contain
septic systems (Jefferson County Zoning Ordinance
No. 11, 2012). Agricultural Transition lands are areas
within the 15 year growth plan for the City of Lake
Mills. These lands are currently open space, but may
be developed in the future (Jefferson County Zoning
Ordinance No. 11, 2012). The small area designated
as a Natural Resources area does not allow for future
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development. Jefferson County Zoning Ordinance
No. 11 identifies Natural Resources areas as sensi-
tive areas “due to ground water, the presence of
significant wildlife habitat and natural vegetation

or the need to protect water quality” (2012). These
zoning designations support and allow landowners to
preserve current land uses within the Miljala Channel
watershed. However, zoning “overlays” can further
restrict use at a state, county, or township scale.

Landowners can request rezoning of their lands to
a new designation, although the Jefferson County
Planning and Zoning Committee has the ability to
deny rezoning requests based on soil or land suit-
ability (Staff, 2012). At the request of landowners,
areas with wetland indicator soils may be identified
as wetlands by the DNR and would then be regulated
under state law (Staff, 2012).

Environmental corridors also play a significant role
in supporting conservation and communicating
potential land use hazards. According to the Jefferson
County Zoning Ordinance No. 11, these corridors
include “public-owned park, recreation, and conser-
vancy lands, water bodies and wetlands mapped
as part of the Wisconsin DNR Wetland Inventory,
100-year floodplains based upon Federal Emergency
Management Agency (FEMA) maps or contiguous
woodlands over 10 acres in size” (2012). As Figure B.3
depicts, the Miljala Channel watershed’s environmen-
tal corridor includes a small designated wetland (DNR,
2012).

It is important to note that Rock Lake has been
identified as an outstanding to exceptional lake by the
DNR, and the area where this channel drains has been
identified as a sensitive lake area and a public rights
feature of the state (Figure B.4). Past runoff from the

FIGURE B.4 ROCK LAKE AND THE NO-WAKE ZONE LOCATED NEAR THE OUTLET OF THE MILJALA

CHANNEL. THIS SENSITIVE AREA SUPPORTS A COMMUNITY OF BULRUSH PLANTS THAT PROVIDES CRITICAL
HABITAT FOR FISH, INSECTS, AND MIGRATING WATERFOWL. PHOTO CREDIT: STEVE NEARY, 9.16.11.
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drainage ditch has not adversely impacted the plant
life within this protected area of the lake (Cicero,
2012). This may be due to the protection offered by
the sediment deposition in the channel.

The county is currently in the process of rezoning

the area, with a projected completion date in 2013.
The county should consider not only how an indi-
vidual landowner will be affected, but how the
neighborhood and lake will be impacted, and create
codes and zoning to reflect the needs of the greater
community.
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APPENDIX C:

METHODOLOGY

~SEDIMENT ANALYSTS PROCEDURE

During each coring event, multiple samples were
taken at varying locations behind the turbidity curtain
to ensure a representative sampling of accumulated
sediment. At each coring site, a 6-7 inch long PVC
pipe, with a 1.25 inch diameter, was lowered into
the accumulated sediment. As each pipe reached
the bottom of the channel, a rubber stopper was
inserted into the top to create suction and secure the
sediment core within the pipe. Each core was then
carefully removed from the water and the bottom
end was wrapped in cheese cloth. The cheese cloth
was applied to allow for water drainage while retain-
ing all sediment within.

After a drainage period of 1-2 weeks, sediment cores
were forced from the pipes using a metal disc and
rod. Samples were then placed in a dish of known
mass and dried at 105° C for at least 24 hours to
burn off any remaining moisture. The mass of the
dried samples was then recorded. Next, the samples

A .“_

FIGURE C.1 ROUTINE WATER SAMPLING AT SS2.
PICTURED ARE STEVE NEARY, IAN ANDERSON, MARIA
GARCIA DE LA SERRANA, AND KATIE VAN GHEEM. PHOTO
CREDIT: PATRICIA CICERO, 3.9.12
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were placed in an oven at 450°C for 24 hours to

burn off any organic matter. Each sample mass was
recorded again and compared to the previous weigh-
ing to determine the mass of organic matter that

was burned off. Following the second burn, samples
were gently disaggregated using a mortar and pestle
to eliminate any clumping that occurred during the
drying process. Each sample was then passed through
a series of sieves, 125 and 500 microns, which sepa-
rated the remaining sediment into coarse sand, fine
sand and silt/clay fractions. The mass of each fraction
was recorded and combined with previously recorded
organic matter mass to determine the particle size
distribution of each sample.

DI1SSOLVED ORTHOPHOSPHATE AND TOTAL

PHOSPHORUS SAMPLING PROCEDURE

Samples were collected on two days during base-
flow and two days during stormflow events. Sample
bottles were labeled with the date, time, sampling
point identification (storet number), and county. At
each sampled surface site, dissolved orthophosphate
and total phosphorus samples were collected. At each
sampling site, bottles were placed facing upstream
in flowing water halfway down the water column
and filled to the neck. Contact with the stream
bottom was avoided to prevent sediment contamina-
tion. Dissolved orthophosphate samples were also
collected from monitoring wells using a peristaltic
pump. The pump’s collection hose was rinsed thor-
oughly with deionized water between samples.

Dissolved orthophosphate samples were taken in
60 (milliliter) mL bottles with no chemical preserva-
tion. Total phosphorus samples were taken in 250 mL
bottles with sulfuric acid chemical preservation. After
acidification, total phosphorus samples were field
tested using litmus paper to ensure proper fixation
with pH levels at or below two. Samples were put on
ice and delivered to the Wisconsin State Laboratory of
Hygiene (WSLH) within 24 hours of collection.
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~BACTERIAL _SAMPLING PROCEDURE ____

Sampling was conducted at surface sites on several
dates in 2012. Samples were taken in sealed 100 mL
bottles provided by the WSLH. Before each sampling
session, all bottles were labeled with date and
location. Time was also written on the bottle imme-
diately before each sample was taken. Once the seal
was removed, the cap was taken from the bottle
and placed on the ground with the inside of the cap
facing upwards to prevent any contamination from
contact with the soil or human hands. Each bottle
was then lowered into the center of the stream,
about halfway between the water surface and the
ditch bottom with the mouth of the bottle facing
upstream. Care was taken not to disturb the stream
bed during the sampling process. The bottle was
then filled to the fill line, removed from the stream,
and capped immediately. Once capped, the samples
were placed on ice in a portable cooler and delivered
to the WSLH within six hours of collection. Samples
were analyzed at the WSLH for E. coli and fecal coli-
form concentrations using the culture method.

FIGURE C.2 SAMPLING FOR CONDUCTIVITY IN
SURFACE AND GROUNDWATER. PICTURED ARE DAN
HAUG AND IAN ANDERSON. PHOTO CREDIT: STEVE
NEARY, 4.13.12
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For each sampling session, one duplicate and one
replicate were sampled at different surface sites. A
250 mL bottle was used for the replicates; two 100
mL bottles were used for duplicates. The purpose of
these samples was to rule out any error occurring
during processing and analysis.

_HYDRAULIC CONDUCTIVITY

Hydraulic conductivity is multiplied by the slope or
gradient of the water table to determine the rate at
which water will move through each type of sedi-
ment within the watershed. This value, called the
specific discharge, is extremely important, as the
product of specific discharge multiplied by aquifer
height can estimate the amount of water moving
through the aquifer both in storm events and base-
flow (Figure C.2).

~INFILTRATION TEST PROCEDURE

Infiltration tests were conducted in the soils of the
Miljala Channel watershed in order to determine
infiltration capacities (Figure C.3). Different soil types
with varying cover types were tested to provide

SRR
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FIGURE C.3 SOIL INFILTRATION TEST. CONDUCTED BY
MIKE DRAPER. PHOTO CREDIT: STEVE NEARY, 6.15.12
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a more precise measurement of infiltration rates

in varying locations around the field site. Soils are
divided by mapped soil unit, and subdivided by cover
type and slope class. Each unique combination of soil,
land cover, and slope is given a number which, when
mapped using Geographic Information Systems (GIS),
allows a clear picture of soil spatial relationships and
is used to determine where infiltration tests should be
conducted.

After conducting numerous infiltration tests across
the diverse watershed landscape, results confirmed
our hypothesis that flow through the muck was the
main driver of baseflow to the ditch. Infiltration
capacities of the various loam and silt loam soil
types ranged from 0.21 inches per hour to 0.90
inches per hour. The average infiltration capacity of
the Houghton Muck was 2.18 inches per hour with
arange of 1.05 to 3.31 inches per hour. It is worth
noting that when excessively dry, the Houghton Muck
became moderately hydrophobic and the average
hydraulic conductivity value fell to 0.16 inches per
hour.

Infiltration tests were conducted using a Decagon
Devices Minidisk Infiltrometer. This device has a mari-
otte tube with a sintered steel disk at its base, which
allows slow seepage of water into the adjacent tube,
upon which the device is placed. An attached bubble
chamber with a suction control tube applies the
tension needed to control the speed of infiltration.

~SLUG _TEST PROCEDURE

Much of the landscape adjacent to the ditch consists
of Houghton Muck on top of a silty-clay lacustrine
deposit. The lacustrine deposit has a low hydrau-
lic conductivity that allows only a small amount of
water to flow through the aquifer. In comparison, the
muck has a high hydraulic conductivity that allows
water to flow quickly through the system, except in
cases of extreme drought. The hydraulic conductiv-
ity of the muck is the primary diver of flow into the
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ditch, due to baseflow originating in surrounding
uplands and the high infiltration capacity of the muck.
Therefore, efforts were focused on acquisition of an
accurate value for muck hydraulic conductivity. One
method used to measure hydraulic conductivity is the
Hvorslev slug test.

Slug tests were conducted by placing a “slug,” a small
weighted cylinder of a known volume, into a well.
Water levels were then recorded at 30 second inter-
vals for approximately 40 minutes. The rate at which
the water returns to its initial elevation indicates how
quickly water moves through the aquifer. Tests were
conducted at MWS8, MWS5, and MW 1 with values of
0.230, 0.735, and 0.037 feet per day, respectively.
These values fall within the expected range for this
soil type, and therefore are believed to be representa-
tive of the muck.

WATER ELEVATION AND FLOW MEASUREMENT

LROCEDURE

Two different systems were used to measure ground-
water levels in the wells. The first method featured
simple hand measurements, taken from January
through November 2012. An electric tape was
lowered into a well and depth to water was recorded.
Water elevation was determined by subtracting the
depth to water from the top of the well casing to
water from the surveyed top of casing relative to 0.00
feet on the staff gauge.

The second method involved continuous measure-
ments taken with a Solinst Datalogger from May
through November 2012. This device measures the
pressure under the water to determine how much
water is above a location on the datalogger. Water
pressure was corrected for barometric pressure using
a non-submerged barometric pressure transducer
in MW6. Water elevations for continuous data were
measured, using the same procedure as electric tape
measurements, to find pressure transducer elevation
prior to removal. Pressure transducer elevation was
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used to find water elevation throughout the deploy-
ment. Water elevations were verified with hand
measurements.

A Hobo data logger was installed 3 feet upstream
of the Cedar Lane culvert to measure the water
level in the ditch. The logger was placed into well-
screen sunk into the ditch bottom and secured with
rebar. The pressure readings were corrected for
atmospheric pressure using data from the nearest
weather station (Watertown, WI), and converted to a
water depth above the sensor. The top of casing was
surveyed relative to the staff gage and the sensor
was kept at a constant elevation. Uncertainty in the
water level measurements was calculated to be 0.05
feet. The Hobo sensor collected data at 5 minute
intervals from March 24 to June 26, 2012. After
June 26, it was replaced with a Solinst Levellogger
that was automatically calibrated with a Solinst

Barologger installed nearby at the site.

To convert water level measured in the ditch to
stream flow, a rating curve was developed for the
site (Figure C.5). Discharge through the Cedar Lane
culvert was measured for a range of water levels
by placing a basin of known volume under the
culvert outlet and measuring the time to fill with a
stopwatch. Each flow measurement is the average
of at least three trials. Additional measurements
taken in 2009, with a March McBerny FlowMate
and a Swoffer Model 2100 current meter, were also
included (RLIA, 2011). A rating curve is typically
expressed as a power function of the form
Q =P (G-e)° where G is the gage height, P and b are
constants, and e is the gage height of zero flow — in
this case 0.09 feet, the height of the culvert invert
(Kennedy, 1984).

FIGURE C.4 CONDUCTING A LANDSCAPE SURVEY TO GAIN ACCURATE ELEVATION DATA FOR

13

MONITORING WELLS AND THE STAGE RECORDER. PICTURED ARE TOM BENEKE AND JOSH BOHNERT.

PHOTO CREDIT: STEVE NEARY, 3.9.12
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The rating curve includes flow measurements from
0.3 feet to 0.5 feet on the staff gage. While this may
be valid for the range of stages observed in 2012
(between 0.1 and 0.9 feet), it should not be used to
extrapolate above bankfull storage (around 2 feet),
as the stage-storage relationship may change. One
way to determine flows at higher stages would be
to produce a rating curve using the Culvert Analysis
Program developed by the United States Geological
Survey (USGS) for solving complex culvert flow equa-
tions (Fulford, 1998).

Rain data were collected from two sources: the

National Oceanic and Atmospheric Administration
(NOAA) and University of Wisconsin Department

of Atmospheric Oceanic and Space Sciences (UW
AQSS) (NOAA, 2012). Hourly rainfall accumulation for
Madison, Wisconsin was taken from the AOSS, and
total daily rainfall was taken from the NOAA. Total
daily rainfall accumulation was measured locally in
Lake Mills, just east of the watershed across Rock
Lake. Hourly rainfall accumulation was measured in
Madison and provided an estimate of storm intensity
and behavior. These values were assumed to be offset
by traveling time to Lake Mills, located 30 miles to the
east.

0.7
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FIGURE C.5 RATING CURVE FOR THE DITCH AT CEDAR LANE CULVERT. Q=2.4267(G-0.09)%%%
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~CREST STAGE _GAGE CONSTRUCTION __

The crest stage gage consisted of a two inch PVC
pipe, a cap, a small metal screen and a wooden meter
stick. Before installation, six bore-holes were inserted
to the base of the pipe, with five of them being
arranged at 30 degree angles for intake and one exit
hole located on the opposite end of the pipe (Figure
C.7). Next, the cap was fastened to the top of the pipe
and two vent holes were drilled through the cap and
the pipe. In addition to venting, this helps to line up
the cap correctly after subsequent removal.

A small metal screen was cut in a circular shape and
a slit was cut in the middle in order to slide the meter
stick through the screen. The screen was placed two
inches from the base of the meter stick. After fitting
the screen, the meter stick was fastened to the top
cap using a small nail. Finally, as the meter stick

was slowly inserted into the pipe, crushed cork and
Styrofoam were gently poured onto the top of the
screen.

The gage was placed in front of the culvert at SS8 in
order to gain insight into the amount of surface runoff
originating from the Shorewood Hills subdivision.
The gage was installed by pounding the pipe into the
ground such that the bottom of the meter stick was
flush with the soil surface and the intake holes were
facing the direction of flow. The top of the cap was
also measured in relation to a known datum using
field survey equipment. Results from the gage proved
to be inconclusive. Drought conditions during the
summer were thought to have contributed to mini-
mal flow from the subdivision. Future testing at this
site should be conducted during storm events with
considerable antecedent soil moisture.

FIGURE C.6 CONSTRUCTING THE CREST STAGE GAGE. PICTURED ARE CODY MEIER AND MEGAN PHILLIPS. PHOTO

CREDIT: STEVE NEARY, 3.27.12
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FIGURE C.7 CREST STAGE GAGE DIAGRAM. SOURCE: U.S.
GEOLOGICAL SURVEY (USGS.GOV).
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~GEOGRAPHIC DATA AND ANALYSIS _____

The following GIS (Geographic Information Systems)
layers were obtained from Jefferson County Land
Information Office:

-2004/2005 two-foot contours
-2006 land use

-2006 soils

-2009 parcels

-2009 roads

The source and age of the following layers could not
be verified:

-3 foot resolution hillshade map
-17.17 foot resolution digital elevation model
-LIDAR streams and ponds

-Watershed boundaries
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Additionally, GPS coordinates for monitoring
wells, sampling sites, and areas of soil erosion were
collected. These were incorporated into GIS layers
for mapping.

Watersheds were delineated from the 17.17 digital
elevation model (DEM) and LIDAR stream network
with ArcMap 10.0 using the procedure outlined
in Maidment and Olivera (2002). Because spatial
resolution of the DEM was too low to capture the
ditch network, this feature was “burned” into the
DEM from the LIDAR stream data. Pour points were
selected by hand at culvert locations, above forks
in the drainage network, and above the proposed
location of a wetland restoration in Korth Park.
Identification of watersheds with GIS tools requires
“filling” depressions in the DEM — this was done
for 3-foot depressions for use with pour points and
1-foot depressions to identify large closed basins.
These files were combined, vectorized, and bound-
aries corrected upon comparison with two-foot
contours.
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APPENDIX D:

RESULTS

TABLE D.1 GRAIN SIZE DISTRIBUTION OF SEDIMENT CORES TAKEN FROM THE MILJIALA CHANNEL IN OCTOBER 2011.

Weigh
Weight ?5 ' Weight "

Cup @ | After | BIARET | peat % Coarse | % | Fine | % | G ey | % Total

Cup # Core # | Weight OM/Peat Sand | Coarse | Sand | Fine .

(&) before H20 Burn (g) OM/Peat ® Sand © | sand (g) Silt/Clay %
burn Burn (440%)
(105°¢)

la 1 18.80 25.00 9.03 6.84 2.19 24.26 0.10 1.06 2.05 | 22.74 4.36 48.27 96.33
1b 1 19.80 25.00 8.52 6.22 2.30 26.98 0.07 0.83 1.36 | 15.91 4.71 55.24 98.96
Total 1 17.55 4.49 25.58 0.17 0.95 3.41 | 19.42 9.06 51.65 97.61
2a 2 20.30 25.00 17.10 16.26 0.85 4.95 1.54 9.02 11.83 | 69.14 2.80 16.35 99.47
2b 2 20.20 25.00 16.87 15.91 0.96 5.71 1.75 10.34 | 11.44 | 67.79 2.59 15.34 99.18
Total 2 33.97 1.81 5.33 3.29 9.68 23.26 | 68.47 5.39 15.85 99.33
4a 4 (top) 19.60 25.00 7.47 4.38 3.09 41.33 0.14 1.84 0.96 | 12.81 3.32 44.45 100.42
4b 4 (top) 21.30 25.00 7.82 4.69 3.13 40.01 0.24 3.07 1.56 | 19.91 2.74 35.06 98.06
Total 4 Top 15.28 6.21 40.65 0.38 2.47 2.51 | 16.44 6.06 39.65 99.21
4c 4 (mid) 21.00 25.00 15.44 14.18 1.26 8.16 2.20 14.25 9.48 | 61.36 2.47 15.98 99.75
ad 4 (mid) 20.50 25.00 19.20 18.61 0.59 3.09 3.17 16.53 | 13.61 | 70.87 1.55 8.06 98.54
Total 4 Mid 34.64 1.85 5.35 5.37 15.51 | 23.08 | 66.63 4.01 11.59 99.08
de 4 (btm) 19.70 25.00 21.94 21.93 0.02 0.08 5.52 25.13 | 15.63 | 71.24 0.69 3.12 99.58
af 4 (btm) 19.00 25.00 21.62 21.60 0.02 0.08 5.72 26.45 | 15.17 | 70.17 0.66 3.04 99.75
Total 4 Btm 43.56 0.04 0.08 11.24 25.79 | 30.80 | 70.71 1.34 3.08 99.66
Total 4 93.49 8.10 8.66 16.99 18.17 | 56.40 | 60.33 11.42 12.21 99.37
Total Cores 145.00 14.40 9.93 20.44 14.10 | 83.07 | 57.29 25.86 17.84 99.15
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Core 1 Oct-11 Core 2 Oct-11

B OM/Peat (g) ™% Coarse Sand ™% Fine Sand m% Silt/Clay m 9% OM/Peat m% Coarse Sand = % Fine Sand ® % Silt/Clay

1%

Core 4 Oct-11 Sum of Cores Sampled Oct-11

H% OM/Peat m9% Coarse Sand = % Fine Sand ® % Silt/Clay H% OM/Peat m9% Coarse Sand = % Fine Sand ®% Silt/Clay

FIGURE D.1 GRAIN SIZE DISTRIBUTION (PERCENT BY MASS) OF SEDIMENT CORES TAKEN IN OCTOBER 2011.
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TABLE D.2

GRAIN SIZE DISTRIBUTION OF SEDIMENT CORES TAKEN FROM THE MILIALA CHANNEL IN JuLy 2012.

Weight W?Sht S

Cup | Core c‘.‘p (g) After LS OM/Peat % Coarse % Fine % Silt/Clay % Total
Weight OM/Peat Coarse Sand Fine .
# # before H20 (g) OM/Peat | Sand (g) (g) Silt/Clay %
(g) Burn Sand (g) Sand

burn Burn (440°

(105%) L
1 1 123.20 765.90 137.10 138.33 0.00 0.00 3.56 2.60 73.60 | 53.68 59.80 43.62 99.89
2 2 99.06 606.88 442.14 428.44 13.70 3.10 18.85 4.26 319.38 | 72.23 88.07 19.92 99.51
3 3 37.19 225.21 149.31 139.81 9.50 6.36 25.72 17.23 96.73 64.78 16.13 10.80 99.17
4 4 62.20 289.10 117.30 91.40 25.90 22.08 3.09 2.63 39.45 33.64 48.64 41.47 99.82
5 5 30.97 52.43 16.03 11.03 5.00 31.20 1.15 7.19 493 30.76 4.87 30.41 99.57
Total 861.88 809.02 54.10 6.30 52.37 6.10 534.09 | 62.24 217.51 25.35 100.00
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Core 1 July-12

m% OM/Peat W% Coarse Sand % Fine Sand m % Silt/Clay

0% 2%

Core 2 July-12
m9% OM/Peat W% Coarse Sand % Fine Sand m % Silt/Clay

3% 49

Core 3 July-12

m% OM/Peat m% Coarse Sand ™% Fine Sand m % Silt/Clay

Core 4 July-12

m9% OM/Peat ®% Coarse Sand ™% Fine Sand m % Silt/Clay

Core 5 July-12

m% OM/Peat ® % Coarse Sand =% Fine Sand ™% Silt/Clay

Sum of Cores Sampled July-12

m% OM/Peat ® % Coarse Sand =% Fine Sand ™% Silt/Clay

FIGURE D.2 GRAIN SIZE DISTRIBUTION (PERCENT BY MASS) OF SEDIMENT CORES TAKEN IN JuLy 2012.
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TABLE D.3  RAW SURFACE SITE PHOSPHORUS DATA OBTAINED FROM SAMPLING SEPTEMBER 17, 2011 TO AUGUST 16, 2012 USING
CHEMETS.
Si 09/1 10/0 10/2 11/0 | 01/2 | 02/0 | 02/1 | 02/2 | 03/0 | 03/2 | 03/2 | 04/1 | 04/2 | 05/0 | 05/1 | 05/2 | 05/3 06/1 | 06/2 07/1 | 08/0 | 08/1
te | 7/11 7/11 1/11 | 4/11 | 7/12 1/12 | 0/12 9/12 | 9/12 1/12 | 9/12 | 3/12 5/12 | 8/12 | 7/12 | 4/12 1/12 1/12 | 2/12 8/12 | 7/12 6/12
ss
6 250 | 100 | 450 | 10 | 08 | 5 | 35| 6 10 | 7
| ss
Sl 7 0.80 050 | 3 1 |03 | 16| 1 1 |09 | 15| 1 5 2 3
Elss
8|5 | 080 | 060 | 040 | 0.05 0.05 | 0.00 | 0.40 | 030 | 0.80 | 03 | 05 | 03 | 1.5 | 05 | 045 | 07 | 15 | 06 08 | 3
% ss
2|8 0.60 15
£ [ss
T[4 | 450|020 004|010 0.90 | 015 | 1.50 | 0.1 | 02 | 01 | 08 7
2 [ss
3 | 030|060 | 040 | 030 | 005|015 | 000|050 | 010|060 | 01 | 05 | 03 | 08 | 02 | 03 | 05 | 07 | 02 | 1.5 | 04 | 15
ss
2 | 050 | 2.00 | 0.40 | 0.30 | 0.05 | 0.05 0.50 | 0.10 | 050 | 0.1 | 06 | 0.4 | 08 | 02 | 03 | 05 | 09 | 03 | 1.1
ss
1 035|070 | 030 030|010 | 010|000 | 035]|050|040| 01|03 |06 | 08| 01| 03]|08]06]|04| 1 |04]|15
ss
9 0.15 | 0.15
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TABLE D.4
USING CHEMETS.

RAW WELL PHOSPHORUS DATA OBTAINED FROM SAMPLING SEPTEMBER 17, 2011 TO AUGUST 16, 2012

Total Phosphorus (mg/L)

Site 01/27/12 | 02/01/12 | 03/09/12 03/21/12 03/29/12 | 05/24/12 | 08/07/12 | 08/16/12
MW 1 0.00 0.10 0.05 0.1 0 0.1 0.2
MW 2 0.00 0.10 0.1 0.25 0.2 0.2
MW 8 0.10 0.20
MW 4 0.05 0.05 0.1
MW 5 0.10 0.10 0.05 1
MW 6 2.00 0.05 0.05
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Surface Site Total Phosphorus- Chemets
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SS 8
=SS 9

FIGURE D.3 SURFACE SITE TOTAL PHOSPHORUS RESULTS FOR SAMPLES COLLECTED AND ANALYZED USING
CHEMETS ON MULTIPLE DATES FROM SEPTEMBER 17, 2011 TO AUGUST 16, 2012. FEW SAMPLES WERE OBTAIN-
ABLE DUE TO LOW WATER TABLE LEVELS CAUSED BY THE SUMMER 2012 DROUGHT.

Well Total Phosphorus- Chemets
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Date (MM/DD/YY)

oMW 1
EMW 2
AMW 4
XMW 5
XMW 6

MW 8

FIGURE D.4 WELL TOTAL PHOSPHORUS RESULTS FOR SAMPLES COLLECTED AND ANALYZED USING CHEMETS ON
MULTIPLE DATES FROM SEPTEMBER 17, 2011 TO AUGUST 16, 2012. FEW SAMPLES WERE OBTAINABLE DUE TO LOW
WATER TABLE LEVELS CAUSED BY THE SUMMER 2012 DROUGHT.
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TABLE D.5

E. CoLI CONCENTRATIONS OF SAMPLES TAKEN ON THREE

DATES IN 2012. SAMPLES WERE PROCESSED AND ANALYZED AT THE
WISCONSIN STATE LABORATORY OF HYGIENE.

E-coli (colonies/100 mL)

Site 05/17/12 08/07/12 08/16/12

SS7 135 727 2,590
SS5 93 166 4,320
SS3 138 1,733 8,570
SS1 548 4,710 10,760
SS 1 (duplicate) 276 8,130
SS9 83 548

SS 9 (duplicate) 111

TABLE D.6

FECAL COLIFORM CONCENTRATIONS OF SAMPLES TAKEN ON

THREE DATES IN 2012. SAMPLES WERE PROCESSED AND ANALYZED AT THE
WISCONSIN STATE LABORATORY OF HYGIENE.

E-coli (colonies/100 mL)

Site 05/17/12 08/07/12 08/16/12

SS7 135 727 2,590
SS5 93 166 4,320
SS3 138 1,733 8,570
SS1 548 4,710 10,760
SS 1 (duplicate) 276 8,130
SS9 83 548
SS 9 (duplicate) 111
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HYDROLOGY

TABLE D.7 WATER TABLE ELEVATION MEASUREMENTS TAKEN WITH AN ELECTRIC TAPE.
Monitoring Well Water Table Elevations (ft)
Site 1/25/2012 1/27/2012 2/1/2012 2/3/2012 | 2/10/2012 3/9/2012 3/27/2012 3/29/2012 4/10/2012
MW 1 10.82 10.81 10.77 10.78 10.79 10.68
MW 2 10.91 10.81 11.18 10.77 10.84 10.75 10.69
MW 3 434 4.52 4.88 4.66 4.20 4.46 4.32 4.13
MW 3.5 4.80 4.59 4.17 4.44 4.34 4.17
MW 4 4.19 2.84 411 3.55 4.09 4.56 3.18 414
MW 5 4.92 4.98 5.03 5.01 4.99 5.12 5.09 5.09
MW 6 6.08 5.71 6.11 6.09 6.00 6.2 6.19 5.87
MW 8 3.77 3.71 3.90 3.86 3.73 3.97 3.92 3.82
MW 9 5.10 5.21 5.41 5.39 5.34 5.22
Monitoring Well Water Table Elevations (ft)
Site 4/12/2012 | 4/24/2012 4/27/2012 | 5/8/2012 | 5/11/2012 5/21/2012 5/24/2012 5/31/2012 6/11/2012
MW 1 10.72 10.84 10.76 10.33 10.29 10.32 9.93
MW 2 10.75 10.85 10.76 10.35 10.33 10.37 9.97
MW 3 4.3 5.01 4.61 3.87 3.72 3.75
MW 3.5 4.3 4.99 4.59 3.85 3.71 3.76 3.63
MW 4 4.36 5.12 4.66 3.88 3.45 3.72 3.04
MW 5 5.08 5.28 5.19 4.95 4.93 5.04 4.55
MW 6 5.94 6.21 6.23 5.81 5.84 5.9 5.57
MW 8 3.89 2.03 3.97 3.53 3.42 3.5 2.83
MW 9 5.6 5.67 5.39 4.93 4.83 4.69 4.13
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TABLE D.7 CONTINUTED

WATER TABLE ELEVATION MEASUREMENTS TAKEN WITH AN ELECTRIC TAPE.

Monitoring Well Water Table Elevations (ft)

Site 6/12/2012 | 6/13/2012 | 6/14/2012 | 6/26/2012 | 6/27/2012 | 6/28/2012 | 7/11/2012 | 7/15/2012 | 7/18/2012
MW 1 9.87 9.86 10.17 9.6 9.59 9.35 9.35
MW 2 9.73 9.48 9.46
MW 3 3.02
MW 3.5 3.61 3.59
MW 4 1.96 -0.83
MW 5 4.13 3.93 4.02 3.99
MW 6 5.17 5.04 4.59 4.84 4,94
MW 8 2.57 2.53 2.49 2.41 2.41 2.56
MW 9 3.98 3.48

Monitoring Well Water Table Elevations (ft)
Site 7/24/2012 | 07/25/12 8/7/2012 08/08/12 8/16/2012 09/07/12 09/25/12
MW 1 10.07 9.9 9.81 10.58 9.95 10.19
MW 2 9.91 9.86 10.63 10.18 10.23
MW 3
MW 3.5 3.58
MW 4 -0.63 -0.97
MW 5 4.39 4.38 4.1 4.84 3.99 4.224
MW 6 5.14 4.97 5.75 5.23 5.1
MW 8 2.68 2.48 2.28 2.95 2.24 2.24
MW 9
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APPENDIX E:

HYDROLOGIC MODELING

~LATERAL EFFECT CAICULATIONS .3 __DITCH

Lateral effect was calculated with the van
Schilfgaarde Equation, as described in Verry et al.
(2011), using the ND Drain Scope and Effect soft-
ware. Hydraulic conductivity is based on slug tests
conducted in wells screened in the muck layer.
Drainable porosity is based on the lower bound
reported for muck soils in the literature (Verry et
al., 2011). The muck ranges from 4-6 feet in depth,
and the underlying lacustrine layer has a hydraulic
conductivity an order of magnitude lower. Depth of
the ditch to typical spring water level ranges from
2 feet in the upper and lower reaches to 4 feet in
middle reaches.

2’ _DITCH

DRAINABLE POROSITY, f = 0.08

HYDRAULIC CONDUCTIVITY ABOVE DRAIN, Ka =0.3
in/hr

HYDRAULIC CONDUCTIVITY BELOW DRAIN, Kb = 0.3
in/hr

INITIAL WATER LEVEL HEIGHT OVER BARRIER, h1 =
6.0 feet

FINAL WATER LEVEL HEIGHT OVER BARRIER, h2 = 5.0
feet

DRAIN HEIGHT OVER BARRIER, h3 = 4.0 feet
DRAIN DEPTH BELOW GROUNDLINE, h4 = 2.0 feet
EFFECTIVE RADIUS OF DRAIN, Re = 1.00 feet

TIME FOR WATER DRAWDOWN, T = 14.0 days

van Schilfgaarde Equation: LATERAL EFFECT 38.0 FT
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DRAINABLE POROSITY, f = 0.08

HYDRAULIC CONDUCTIVITY ABOVE DRAIN, Ka =0.3
in/hr

HYDRAULIC CONDUCTIVITY BELOW DRAIN, Kb = 0.3
in/hr

INITIAL WATER LEVEL HEIGHT OVER BARRIER, h1 =
6.0 feet

FINAL WATER LEVEL HEIGHT OVER BARRIER, h2 =5.0
feet

DRAIN HEIGHT OVER BARRIER, h3 = 3.0 feet
DRAIN DEPTH BELOW GROUNDLINE, h4 = 3.0 feet
EFFECTIVE RADIUS OF DRAIN, Re = 1.00 feet

TIME FOR WATER DRAWDOWN, T = 14.0 days

van Schilfgaarde Equation: LATERAL EFFECT 47.6 FT
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4 __DITCH

~2_.DLTCH

DRAINABLE POROSITY, f = 0.08

HYDRAULIC CONDUCTIVITY ABOVE DRAIN, Ka =0.3
in/hr

HYDRAULIC CONDUCTIVITY BELOW DRAIN, Kb =0.3
in/hr

INITIAL WATER LEVEL HEIGHT OVER BARRIER, hl =
6.0 feet

FINAL WATER LEVEL HEIGHT OVER BARRIER, h2 =
5.0 feet

DRAIN HEIGHT OVER BARRIER, h3 = 2.0 feet
DRAIN DEPTH BELOW GROUNDLINE, h4 = 4.0 feet
EFFECTIVE RADIUS OF DRAIN, Re = 1.00 feet

TIME FOR WATER DRAWDOWN, T = 14.0 days

van Schilfgaarde Equation: LATERAL EFFECT 53.1 FT
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DRAINABLE POROSITY, f = 0.08

HYDRAULIC CONDUCTIVITY ABOVE DRAIN, Ka =0.3
in/hr

HYDRAULIC CONDUCTIVITY BELOW DRAIN, Kb = 0.3
in/hr

INITIAL WATER LEVEL HEIGHT OVER BARRIER, h1 =
6.0 feet

FINAL WATER LEVEL HEIGHT OVER BARRIER, h2 =
5.0 feet

DRAIN HEIGHT OVER BARRIER, h3 = 1.0 feet
DRAIN DEPTH BELOW GROUNDLINE, h4 = 5.0 feet
EFFECTIVE RADIUS OF DRAIN, Re = 1.00 feet

TIME FOR WATER DRAWDOWN, T = 14.0 days

van Schilfgaarde Equation: LATERAL EFFECT 56.0 FT
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@ Shoreywood Meadows
Leroy Scheel farmland @ Nearl SS5
Farm west of Co.

Shropshirg property
. SuIt 3 subcat 2
@ i 4R —— 5 [ar
Area draining to South B— 2R — 1R
fork of ditch SS7 to subdivision "

inflow Downstream of
subdivision locatiort of proposed

etland

Upstream of S5

downstream of

proposed wetland outlet Cedar Lane

@\»@

South of Korth Lane
South Pond (SS4)

FIGURE E.1 DIAGRAM OF CATCHMENTS (S), REACHES (R), AND PONDS OR OUTLETS (P) IN HYDROCAD MODEL.
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Time span=5.00-50.00 hrs, dt=0.05 hrs, 901 points
Runoff by SCS TR-20 method, UH=SCS
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment 2S: subcat 2

Subcatchment 3S: subct 3

Subcatchment 4S: Shropshire property

Subcatchment 5S: Near SS5

Subcatchment 6S: Shorewood Meadows

Subcatchment 7S: Upstream of SS5

Subcatchment 10S: Farm west of Co. S

Subcatchment 12S: South of Korth Lane

Reach 2R: location of proposed wetland

Reach 3R: Downstream of subdivision

Reach 4R: SS7 to subdivision inflow

Pond 8P: outlet Cedar Lane

Pond 15P: South Pond (SS4)

Subcatchment 8S: Area draining to South fork of ditch

Subcatchment 9S: Leroy Scheel farmland

Reach 1R: downstream of proposed wetland

Runoff Area=20.110 ac  6.17% Impervious Runoff Depth=0.19"
Flow Length=1,454"' Tc=23.8 min CN=60 Runoff=1.40 cfs 0.324 af

Runoff Area=16.300 ac 2.12% Impervious Runoff Depth=0.15"
Flow Length=1,431" Tc=19.8 min CN=58 Runoff=0.66 cfs 0.204 af

Runoff Area=11.020 ac 3.52% Impervious Runoff Depth=0.04"
Flow Length=480" Tc=17.7 min CN=51 Runoff=0.05 cfs 0.038 af

Runoff Area=3.990 ac 6.14% Impervious Runoff Depth=0.32"
Flow Length=827" Tc=19.9 min CN=65 Runoff=0.88 cfs 0.108 af

Runoff Area=18.600 ac 16.61% Impervious Runoff Depth=0.65"
Flow Length=2,056" Tc=25.8 min CN=74 Runoff=10.04 cfs 1.004 af

Runoff Area=9.730 ac 2.30% Impervious Runoff Depth=0.27"
Flow Length=1,129' Tc=20.6 min CN=63 Runoff=1.47 cfs 0.217 af

Runoff Area=9.050 ac 11.14% Impervious Runoff Depth=0.39"
Flow Length=1,552" Tc¢=59.8 min CN=67 Runoff=1.25 cfs 0.291 af

Runoff Area=17.750 ac 5.45% Impervious Runoff Depth=0.74"
Flow Length=1,759' Tc=31.5 min CN=76 Runoff=9.87 cfs 1.091 af

Runoff Area=11.300 ac 0.00% Impervious Runoff Depth=0.57"
Flow Length=1,951" Tc=54.5 min CN=72 Runoff=2.95 cfs 0.532 af

Runoff Area=27.920 ac 2.22% Impervious Runoff Depth=0.78"

Flow Length=873"' Slope=0.0102 /" Tc=21.1 min CN=77 Runoff=21.97 cfs 1.825 af

Avg. Flow Depth=1.83" Max Vel=1.13 fps Inflow=12.12 cfs 3.485 af
n=0.070 L=650.0' S=0.0025'" Capacity=62.47 cfs Outflow=11.88 cfs 3.485 af

Avg. Flow Depth=1.41" Max Vel=1.63 fps Inflow=11.85 cfs 3.281 af

n=0.070 L=435.0" $S=0.0069 /' Capacity=102.96 cfs Outflow=11.77 cfs 3.281 af

Avg. Flow Depth=1.59' Max Vel=1.38 fps Inflow=12.41 cfs 3.243 af
n=0.070 L=580.0' S=0.0043'' Capacity=81.40 cfs Outflow=11.83 cfs 3.243 af

Avg. Flow Depth=1.80" Max Vel=0.76 fps Inflow=12.17 cfs 1.914 af
n=0.100 L=920.0' S=0.0022'" Capacity=25.37 cfs Outflow=9.19 cfs 1.914 af

Inflow=12.40 cfs 3.810 af
Primary=12.40 cfs 3.810 af

Peak Elev=843.59' Storage=79,507 cf Inflow=21.97 cfs 1.825 af
Outflow=0.00 cfs 0.000 af
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TABLE E.1 SUMMARY OF CONTRIBUTING AREA, CURVE NUMBER, AND TIME OF CONCENTRATION FOR
EACH CATCHMENT AND REACH. RUNOFF VOLUMES ARE FOR A 1.77 INCH STORM.
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Area Listing (all nodes)

Area CN Description
(acres) (subcatchment-numbers)

1.130 75 (5S8)

1.840 68 1 acre lots, 20% imp, HSG B (8S)
10.380 70  1/2 acre lots, 25% imp, HSG B (2S, 6S)

0.110 61 1/4 acre lots, 38% imp, HSG A (2S)

2.970 75  1/4 acre lots, 38% imp, HSG B (2S, 3S, 4S, 7S, 9S)

6.680 49  50-75% Grass cover, Fair, HSG A (3S, 4S, 58S, 7S)
10.660 69  50-75% Grass cover, Fair, HSG B (2S, 3S,4S,78S, 9S)

1.460 61 >75% Grass cover, Good, HSG B (10S)

8.070 35  Brush, Fair, HSG A (2S, 3S, 4S)

1.610 56  Brush, Fair, HSGB (2S, 3S, 5S)

2.760 75  Catchment 10, row crops (10S)

6.510 74  Farmsteads, HSGB (10S)

0.470 76  Gravel roads, HSG A (7S)

3.010 58  Meadow, non-grazed, HSG B (8S)

0.470 69  Pasture/grassland/range, Fair, HSG B (6S)

2.430 61 Pasture/grassland/range, Good, HSG B (12S)

7.290 89  Paved roads w/open ditches, 50% imp, HSG B (2S, 3S, 4S, 5S, 6S, 8S, 95, 12S)
24.560 75  Row crops, contoured, Good, HSG B (5S, 6S, 7S, 9S)
26.510 78  Row crops, straight row, Good, HSG B (8S, 12S)

0.320 75  Small grain, straight row, Good, HSG B (10S)

0.680 98  Water Surface, 0% imp, HSG A (4S)

0.350 98  Water Surface, HSG B (3S, 12S)

5.050 36  Woods, Fair, HSG A (2S, 3S,48S,7S)

7.070 60  Woods, Fair, HSGB (3S,4S,7S, 10S)

1.370 43  Woods/grass comb., Fair, HSG A (58S, 8S)

12.010 65  Woods/grass comb., Fair, HSG B (2S, 4S)
145.770 68 TOTAL AREA

FIGUREE.2 CURVE NUMBERS BASED ON FIELD ASSESSMENT OF GIS LANDCOVER DATA.
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Runoff =

Area (ac) CN

Summary for Subcatchment 10S: Farm west of Co. S

0.74 cfs @ 12.74 hrs, Volume= 0.190 af, Depth= 0.20"

Description

Runoff by SCS TR-20 method, UH=SCS, Time Span=5.00-50.00 hrs, dt= 0.05 hrs
Type Il 24-hr observed 1yr Rainfall=1.77"

* 2.760
1.460
6.510
0.320
0.250

75 Catchment 10, row crops

61 >75% Grass cover, Good, HSG B
74 Farmsteads, HSGB
75 Small grain, straight row, Good, HSG B
60 Woods, Fair, HSGB

11.300
11.300

Tc Length
(min)  (feet)

72 Weighted Average
100.00% Pervious Area

Slope Velocity Capacity

(ft/ft)

(ft/sec)

(cfs)

Description

18.1 100

245 776

0.1 30

13 230

10.5 815

0.0057

0.0057

0.0200

0.0400

0.0012

0.09

0.53

6.94

3.00

1.29

49.05

100.93

Sheet Flow, Past farmstead from south

Grass: Short n=0.150 P2=257"

Shallow Concentrated Flow,

Short Grass Pasture Kv=7.0 fps

Pipe Channel, CMP_Round 36" (not measured)
36.0" Round Area=7.1sf Perim=9.4' r=0.75'
n=0.025 Corrugated metal

Shallow Concentrated Flow, wetland near SS6
Grassed Waterway Kv=15.0 fps

Trap/Vee/Rect Channel Flow, North Fork of ditch
Bot.W=20.00' D=3.00' Z=2.0'"" Top.W=32.00'
n=0.070 Sluggish weedyreaches w/pools

545 1,951

Total
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Runoff

Summary for Subcatchment 8S: Area draining to South fork of ditch

0.18cfs @ 13.03 hrs, Volume= 0.081 af, Depth= 0.11"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-50.00 hrs, dt= 0.05 hrs
Type Il 24-hr observed 1yr Rainfall=1.77"

Area (ac) CN Description
3.010 58 Meadow, non-grazed, HSGB
1.960 78 Row crops, straight row, Good, HSG B
0960 43 Woods/grass comb., Fair, HSG A
1840 68 1 acrelots,20% imp, HSGB
1280 89 Paved roads w/open ditches, 50% imp, HSG B
9.050 67 Weighted Average
8.042 88.86% Pervious Area
1.008 11.14% Impervious Area
Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)

490 1,140 0.0010 0.39 2.33 Channel Flow, south fork
Area=6.0 sf Perim=8.0' r=0.75'
n=0.100 Veryweedyreaches w/pools

7.0 100 0.0600 0.24 Sheet Flow,
Grass: Short n=0.150 P2=2.57"
3.8 312 0.0385 1.37 Shallow Concentrated Flow,
Short Grass Pasture Kv=7.0 fps
59.8 1,552 Total
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Runoff =

Summary for Subcatchment 9S: Leroy Scheel farmland

3.23cfs @ 12.33 hrs, Volume= 0.446 af, Depth= 0.30"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-50.00 hrs, dt= 0.05 hrs
Type Il 24-hr observed 1yr Rainfall=1.77"

Area (ac) CN Description
14960 75 Row crops, contoured, Good, HSG B
1.760 89 Paved roads w/open ditches, 50% imp, HSG B
0.230 75 1/4 acre lots, 38% imp, HSG B
0.800 69 50-75% Grass cover, Fair, HSG B
17.750 76 Weighted Average
16.783 94 .55% Pervious Area
0.967 5.45% Impervious Area
Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft) (ft/sec) (cfs)
54 100 0.0190 0.31 Sheet FAlow, catchment 9 flow path
Cultivated: Residue<=20% n=0.060 P2=257"
8.3 620 0.0190 1.24 Shallow Concentrated Flow,
Cultivated Straight Rows Kv=9.0 fps
6.7 309 0.0120 0.77 Shallow Concentrated Flow, cattails and weeds
Short Grass Pasture Kv=7.0 fps
111 730 0.0019 1.10 19.75 Trap/Vee/Rect Channel Flow, north fork of ditch
Bot.W=5.00' D=2.00' Z=2.0"/" Top.W=13.00'
n=0.070 Sluggish weedyreaches w/pools
315 1,759 Total
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Summary for Subcatchment 7S: Upstream of SS5
Runoff = 0.07cfs @ 13.11 hrs, Volume= 0.044 af, Depth= 0.05"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-50.00 hrs, dt= 0.05 hrs
Type Il 24-hr observed 1yr Rainfall=1.77"

Area (ac) CN Description

3470 69 50-75% Grass cover, Fair, HSG B
1.080 75 Row crops, contoured, Good, HSG B
0590 75 1/4 acrelots, 38% imp, HSG B
0.790 60 Woods, Fair, HSG B

3.260 49 50-75% Grass cover, Fair, HSG A
0470 76 Gravel roads, HSG A

0.070 36 Woods, Fair, HSG A

9.730 63 Weighted Average
9.506 97.70% Pervious Area
0.224 2.30% Impervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)

14.0 100 0.0800 0.12 Sheet Flow, prairie
Grass: Bermuda n=0410 P2=2.57"
57 490 0.0816 143 Shallow Concentrated Flow, prairie

Woodland Kv=5.0 fps

0.9 539 0.0100 9.64 347.15 Trap/Veel/Rect Channel Flow,
Bot.W=3.00' D=4.00' Z=1.5"" Top.W=15.00'
n=0.025

206 1,129 Total
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Runoff

Summary for Subcatchment 5S: Near SS5

0.06 cfs @ 12.53 hrs, Volume= 0.026 af, Depth= 0.08"

Runoff by SCS TR-20 method, UH=SCS, Time Span=5.00-50.00 hrs, dt= 0.05 hrs
Type Il 24-hr observed 1yr Rainfall=1.77"

Area (ac) CN Description
0.700 75 Row crops, contoured, Good, HSG B
* 1130 75
0.070 56 Brush, Fair, HSGB
0.490 89 Paved roads w/open ditches, 50% imp, HSG B
1.190 49 50-75% Grass cover, Fair, HSG A
0410 43 Woods/grass comb., Fair, HSG A
3.990 65 Weighted Average
3.745 93.86% Pervious Area
0.245 6.14% Impervious Area
Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)
6.9 100 0.0100 0.24 Sheet Flow, west side of house
Cultivated: Residue<=20% n=0.060 P2=2.57"
4.2 412 0.0533 1.62 Shallow Concentrated Flow, weedy slopes behind house
Short Grass Pasture Kv=7.0 fps
8.8 315 0.0003 0.60 21.47 Trap/Vee/Rect Channel Flow,
Bot.W=3.00' D=4.00' Z=1.5"" Top.W=15.00"'
n=0.070 Sluggish weedyreaches w/pools
19.9 827 Total
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Runoff

Summary for Subcatchment 6S: Shorewood Meadows

286¢cfs @ 12.26 hrs, Volume= 0.385 af, Depth= 0.25"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-50.00 hrs, dt= 0.05 hrs
Type Il 24-hr observed 1yr Rainfall=1.77"

Area (ac) CN Description
8260 70 1/2 acrelots,25% imp, HSG B
0470 69 Pasture/grassland/range, Fair, HSGB
7.820 75 Row crops, contoured, Good, HSG B
2.050 89 Pavedroads w/open ditches, 50% imp, HSG B
18.600 74 Weighted Average
15.510 83.39% Pervious Area
3.090 16.61% Impervious Area
Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft) (ft/sec) (cfs)
9.2 100 0.0310 0.18 Sheet Flow, lawns
Grass: Short n=0.150 P2=2.57"
151 1,549 0.0130 1.71 Shallow Concentrated Flow, grass swales
Grassed Waterway Kv=15.0 fps
1.5 407 0.0147 4.54 22.70 Channel Flow, culvert and gully

Area= 5.0 sf Perim=10.0" r=0.50'
n=0.025 Earth, clean & winding

258 2,056

Total
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Summary for Subcatchment 4S: Shropshire property

Much of runoff goes to scrape. Should this be modeled?

[45] Hint: Runoff=Zero
Runoff = 0.00cfs @ 5.00 hrs, Volume= 0.000 af, Depth= 0.00"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-50.00 hrs, dt= 0.05 hrs
Type Il 24-hr observed 1yr Rainfall=1.77"

Area (ac) CN Description

0.060 69 50-75% Grass cover, Fair, HSG B

0.600 75 1/4 acrelots, 38% imp, HSG B

0.800 65 Woods/grass comb., Fair, HSGB

1740 60 Woods, Fair, HSGB

0.320 89 Paved roads w/open ditches, 50% imp, HSG B
1.870 49 50-75% Grass cover, Fair, HSG A

0.680 98 Water Surface, 0% imp, HSG A

4240 35 Brush, Fair, HSGA

0.710 36 Woods, Fair, HSG A

11.020 51 Weighted Average
10.632 96.48% Pervious Area
0.388 3.52% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (fut) (f/sec) (cfs)

13.8 100 0.0800 0.12 Sheet Flow,

3.9 380 0.1070 1.64 Shallow Concentrated Flow,
Woodland Kv=5.0 fps

Woods: Lightunderbrush n=0.400 P2=2.57"

17.7 480 Total
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Runoff

Summary for Subcatchment 3S: subct 3

0.03cfs @ 24.00 hrs, Volume= 0.019 af, Depth= 0.01"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-50.00 hrs, dt= 0.05 hrs
Type Il 24-hr observed 1yr Rainfall=1.77"

Area (ac) CN Description
6.110 69 50-75% Grass cover, Fair, HSG B
0410 75 1/4 acrelots, 38% imp, HSG B
1.020 56 Brush, Fair, HSGB
4.290 60 Woods, Fair, HSGB
0.280 89 Paved roads w/open ditches, 50% imp, HSG B
0.360 49 50-75% Grass cover, Fair, HSG A
0.050 98 Water Surface, HSG B
2.030 35 Brush, Fair, HSG A
1.750 36 Woods, Fair, HSG A
16.300 58 Weighted Average
15.954 97.88% Pervious Area
0.346 2.12% Impervious Area
Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft) (ft/sec) (cfs)
7.8 100 0.1200 0.21 Sheet Flow,
Grass:Dense n=0.240 P2=2.57"
54 550 0.0580 1.69 Shallow Concentrated Flow, Korth prairie
Short Grass Pasture Kv=7.0 fps
4.6 550 0.0180 2.01 Shallow Concentrated Flow, weedy lowland
Grassed Waterway Kv=15.0 fps
2.0 231 0.0030 1.89 67.91 Trap/Vee/Rect Channel Flow,

Bot.W=3.00' D=4.00' Z=1.5"" Top.W=15.00"
n=0.070

19.8 1,431

Total
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Runoff

Summary for Subcatchment 2S: subcat 2

0.06cfs @ 15.65 hrs, Volume= 0.045 af, Depth= 0.03"

Runoff by SCS TR-20 method, UH=SCS, Time Span=5.00-50.00 hrs, dt= 0.05 hrs
Type Il 24-hr observed 1yr Rainfall=1.77"

Area (ac) CN Description
2120 70 1/2 acre lots, 25% imp, HSG B
1140 75 1/4 acre lots, 38% imp, HSG B
0.520 56 Brush, Fair, HSGB
11210 65 Woods/grass comb., Fair, HSGB
0470 89 Paved roads w/open ditches, 50% imp, HSG B
0220 69 50-75% Grass cover, Fair, HSG B
0.110 61 1/4 acre lots, 38% imp, HSG A
1.800 35 Brush, Fair, HSGA
2520 36 Woods, Fair, HSG A
20.110 60 Weighted Average
18.870 93.83% Pervious Area
1.240 6.17% Impervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (f/ft)  (ft/sec) (cfs)
12.1 100 0.1100 0.14 Sheet Flow,
Woods: Lightunderbrush n=0.400 P2=257"
29 286 0.1100 1.66 Shallow Concentrated Flow, down wooded hillslope
Woodland Kv=5.0 fps
4.0 811 0.2300 3.36 Shallow Concentrated Flow, woodland and streambanks
Short Grass Pasture Kv=7.0 fps
4.8 257 0.0077 0.90 4.48 Channel Flow,
Area=5.0 sf Perim=15.0' r=0.33'
n=0.070 Sluggish weedyreaches w/pools
23.8 1,454 Total
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Runoff

Summary for Subcatchment 12S: South of Korth Lane

7.74cfs @ 12.18 hrs, Volume= 0.769 af, Depth= 0.33"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-50.00 hrs, dt= 0.05 hrs
Type Il 24-hr observed 1yr Rainfall=1.77"

Area (ac) CN Description
24.550 78 Row crops, straight row, Good, HSG B
2430 61 Pasture/grassland/range, Good, HSG B
0.640 89 Paved roads w/open ditches, 50% imp, HSG B
0.300 98 Water Surface, HSG B
27.920 77 Weighted Average
27.300 97.78% Pervious Area
0.620 2.22% Impervious Area
Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)
6.9 100 0.0102 0.24 Sheet Flow,
Cultivated: Residue<=20% n=0.060 P2=2.57"
14.2 773 0.0102 0.91 Shallow Concentrated Flow, through field to pond
Cultivated Straight Rows Kv=9.0 fps
21.1 873 Total
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Summary for Pond 15P: South Pond (SS4)

Inflow Area = 27.920 ac, 2.22% Impervious, Inflow Depth = 0.33" for observed 1yr event
Inflow = 774 cfs @ 12.18 hrs, Volume= 0.769 af
Outflow = 0.00cfs @ 5.00 hrs, Volume= 0.000 af, Atten=100%, Lag= 0.0 min
Primary = 0.00cfs @ 5.00 hrs, Volume= 0.000 af

Routing by Stor-Ind method, Time Span=5.00-50.00 hrs, dt= 0.05 hrs
Peak Elev=842.95' @ 25.25 hrs Surf.Area= 57,638 sf Storage= 33,496 cf

Plug-Flow detention time= (not calculated: initial storage excedes outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage Storage Description
#1 842.00 430,564 cf Custom Stage Data (Prismatic) Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)
842.00 12,643 0 0
844.00 107,051 119,694 119,694
846.00 203,819 310,870 430,564
Device Routing Invert Outlet Devices
#1 Device 2 844 33" 9.0" Horiz. Orifice/Grate C=0.600 Limited to weir flow atlow heads
#2  Primary 842.00' 9.0" Round Culvert

L=1,542.0' CPP, end-section conforming to fill, Ke=0.500
Inlet/ Outlet Invert=842.00'/834.00' S=0.0052 """ Cc=0.900
n=0.020 Corrugated PE, corrugated interior, Flow Area= 0.44 sf

Primary OutFlow Max=0.00 cfs @ 5.00 hrs HW=842.00" (Free Discharge)
t 2=culvert ( Controls 0.00 cfs)
T 1=0rifice/Grate (Controls 0.00 cfs)
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Summary for Reach 4R: SS7 to subdivision inflow

Inflow Area = 38.100 ac, 5.18% Impervious, Inflow Depth = 0.23" for observed 1yr event
Inflow = 3.66cfs @ 12.36 hrs, Volume= 0.717 af
Outflow = 237cfs @ 13.29 hrs, Volume= 0.717 af, Atten=35%, Lag=55.6 min

Routing by Stor-Ind+Trans method, Time Span=5.00-50.00 hrs, dt= 0.05 hrs
Max. Velocity= 0.52 fps, Min. Travel Time=29.7 min
Avg. Velocity = 0.16 fps, Avg. Travel Time=96.4 min

Peak Storage=4,218 cf@ 12.80 hrs
Average Depth at Peak Storage= 0.87'
Bank-Full Depth=3.00" Flow Area= 25.5 sf, Capacity= 25.37 cfs

4.00' x 3.00' deep channel, n=0.100 Veryweedyreaches w/pools
Side Slope Z-value=1.5"" Top Width=13.00'

Length=920.0" Slope= 0.0022 "

Inlet Invert= 839.00', Outlet Invert=837.00'
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Summary for Reach 3R: Downstream of subdivision

[61] Hint: Exceeded Reach 4R outletinvertby 0.28' @ 13.35 hrs

Inflow Area = 70.420 ac, 7.86% Impervious, Inflow Depth = 0.20" for observed 1yr event
Inflow = 3.15cfs @ 13.23 hrs, Volume= 1.174 af
Outflow = 3.07 cfs @ 13.54 hrs, Volume= 1.174 af, Atten=2%, Lag=18.9 min

Routing by Stor-Ind+Trans method, Time Span=5.00-50.00 hrs, dt= 0.05 hrs
Max. Velocity= 0.95 fps, Min. Travel Time=10.2 min
Avg. Velocity = 0.34 fps, Avg. Travel Time= 28.5 min

Peak Storage= 1,886 cf @ 13.37 hrs
Average Depth at Peak Storage=0.78'
Bank-Full Depth=4.00" Flow Area= 36.0 sf, Capacity= 81.40 cfs

3.00' x 4.00' deep channel, n=0.070 Sluggish weedy reaches w/pools
Side Slope Z-value=1.5"" Top Width=15.00'

Length=580.0" Slope=0.0043""

Inlet Invert= 836.50', Outlet Invert=834.00'

Pace 102 THE MILJALA CHANNEL OF Rock LAKE




Summary for Reach 2R: location of proposed wetland

[62] Hint: Exceeded Reach 3R OUTLET depth by 0.01' @ 26.30 hrs
[79] Warning: Submerged Pond 15P Primary device # 2 OUTLET by 0.68'

Inflow Area = 109.360 ac, 5.98% Impervious, Inflow Depth = 0.13" for observed 1yr event
Inflow = 3.07 cfs @ 13.54 hrs, Volume= 1.174 af
Outflow = 3.05cfs @ 13.74 hrs, Volume= 1.174 af, Atten=1%, Lag=11.7 min

Routing by Stor-Ind+Trans method, Time Span=5.00-50.00 hrs, dt= 0.05 hrs
Max. Velocity= 1.11 fps, Min. Travel Time= 6.5 min
Avg. Velocity = 0.41 fps, Avg. Travel Time=17.8 min

Peak Storage= 1,192 cf @ 13.63 hrs
Average Depth at Peak Storage= 0.68'
Bank-Full Depth=4.00" Flow Area= 36.0 sf, Capacity= 102.96 cfs

3.00' x 4.00' deep channel, n=0.070 Sluggish weedy reaches w/pools
Side Slope Z-value=1.5"" Top Width=15.00'

Length=435.0" Slope=0.0069 '/

Inlet Invert= 834.00', Outlet Invert=831.00'
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Summary for Reach 1R: downstream of proposed wetland

[62] Hint: Exceeded Reach 2R OUTLET depth by 0.25' @ 14.25 hrs

Inflow Area = 125.660 ac, 5.48% Impervious, Inflow Depth = 0.11" for observed 1yr event
Inflow = 3.05cfs @ 13.74 hrs, Volume= 1.192 af
Outflow = 295cfs @ 14.16 hrs, Volume= 1.192 af, Atten=3%, Lag=25.1 min

Routing by Stor-Ind+Trans method, Time Span= 5.00-50.00 hrs, dt= 0.05 hrs
Max. Velocity= 0.77 fps, Min. Travel Time= 14.0 min
Avg. Velocity = 0.28 fps, Avg. Travel Time= 38.1 min

Peak Storage=2,476 cf @ 13.92 hrs
Average Depth at Peak Storage= 0.88'
Bank-Full Depth=4.00" Flow Area= 36.0 sf, Capacity=62.47 cfs

3.00' x 4.00' deep channel, n=0.070 Sluggish weedy reaches w/pools
Side Slope Z-value=1.5"" Top Width=15.00"

Length=650.0" Slope=0.0025""

Inlet Invert= 831.00', Outlet Invert= 829.35'
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APPENDIX F: SITE VISITS

~HARON_LONG_AND SHARON KLUENDER _

Members of the WRM cohort met with microbi-
ologists Sharon Long and Sharon Kluender at the
Wisconsin State Laboratory of Hygiene (WSLH) on
multiple occasions throughout the course of the
project. The purpose of these meetings was to
discuss potential strategies for source identification
and remediation of bacterial contamination in the
watershed.

The first meeting was held on April 16, 2012. Topics
discussed included land use in the watershed,
sampling regime, and types of tests that could be
conducted at the WSLH. The first recommendation
was to conduct a septic survey in order to identify all
possible bacterial sources in the watershed. Secondly,
a sampling regime for E. coli and fecal coliform was
determined. There would be four total sampling
sessions, two each during baseflow and stormflow
events. Samples would be taken at SS1, SS3, SS5, SS7,
and SS9. In addition, one replicate and one duplicate
test would be conducted for each sampling session
to check for quality assurance. Other topics discussed
at this meeting included natural bacterial population
increase during summer months and community-
based riparian zone management as a way to
promote infiltration of bacteria-laden runoff before
reaching the ditch.

After multiple sampling sessions during the
summer, a second meeting at the WSLH was held on
September 7, 2012. Bacterial concentrations were
reviewed and a number of issues were discussed.
Bacterial populations continued to persist above EPA
standards throughout the ditch and channel, and
it was determined that septic leakage is an unlikely
source of bacterial contamination. Wildlife, and to
some degree, manure, were determined to be the
most prevalent sources of bacteria in the water-
shed. It was also noted that it is possible for bacteria
to persist in ditch banks or bed load and can even
reproduce outside of a human host. Further coliphage
genotyping tests could be conducted to confirm that
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the bacterial source is indeed non-human. These tests
are relatively new and have not been very success-

ful in Wisconsin, however. Wetland restoration and
riparian buffer maintenance were discussed as two
potential methods for mitigation of unwanted bacte-
rial growth. It was also noted that precipitation
frequency and intensity can have a major impact on
bacterial growth and transport through a system.

QUENTIN CARPENTER

On May 17, 2012, the WRM cohort invited UW
Madison Wetlands Ecology professor Quentin
Carpenter to Korth Park for a wetland walk. The
purpose of this walk was to better understand Miljala
Channel watershed ecology. A walk of the ditch from
SS1 to MW1 produced several interesting pieces of
information about the watershed. First, Professor
Carpenter helped to observe and identify a number
of wetland plant species, including multiple sedges.
Secondly, the existence of a thick silty-clay layer
beneath loosely-settled muck soil at the bottom
of the ditch between SS1 and SS5 was discovered.
Professor Carpenter acknowledged this as a lacustrine
deposit that likely formed the bottom of glacial Lake
Scuppernong several thousand years ago.

The discovery of multiple groundwater discharge
points between SS3 and SS5 was a third point of
interest. These points are located on both sides of
the ditch, with water being discharged from the
Shropshire property as well as from the property to
the north containing three wetland scrapes. Reddish
brown water and soil at these discharge points indi-
cates the presence of redoxomorphic activity, which
is a defining characteristic of wetland soils (Mitsch
and Gosselink, 2007). The WRM cohort also made an
interesting discovery at SS5. A soil probe into the bed
of the ditch produced a thick layer of relatively non-
decomposed woody material. Professor Carpenter
suggested that this was a remnant of a former
Tamarack swamp.

PaGe 105




Overall, the wetland walk with Professor Carpenter
was very useful. He helped to identify many impor-
tant features of the site that had not been explicitly
determined at that point. He also advised that
potential for a wetland restoration exists given the
characteristics suggesting the presence of a former
wetland.

FIGURE F.1 GROUNDWATER DISCHARGE (TOP) AND
REDOXOMORPHIC SOILS (BOTTOM) BETWEEN SS3 AND
SS5. IDENTIFIED BY UW MADISON WETLANDS ECOLOGY
PROFESSOR, QUENTIN CARPENTER, DURING A WETLAND
WALK. BOTH OF THESE FEATURES ARE TYPICAL OF
WETLANDS. PHOTO CREDIT: STEVE NEARY, 5.17.12
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JEEE_NANIA AND PETER ZIEGLER

On July 20, 2012, the WRM cohort met with
wetland restoration experts Jeff Nania and Peter
Ziegler to discuss the potential for restoration
activities in the Miljala Channel watershed. The day
began with the visiting professionals asking ques-
tions of the students to gain some insight into local
soil and hydrologic conditions. Next, a site visit was
conducted, beginning with the culvert at Cedar
Lane (SS1) and moving upstream along the drainage
ditch toward MW 1. Along the way, soil conditions,
drainage, and plant assemblages that might denote
wetland conditions were identified.

Some of the key findings from the investigation
included silty-clay mineral soil at one foot of depth
in the north-central area of Korth Park. This soil
contained redoxomorphic features, also known as
mottling. The mottling indicates that soil is saturated
for a good portion of the year and is often used as
an informal field method of determining hydric soils
and wetland boundaries. Also of note was the pres-
ence of a steady flow of water in the ditch, despite
extreme drought conditions. This, coupled with a
water temperature of ten degrees Celsius, indicates
the strong influence of groundwater in the system.

In addition, WRM students searched for signs of
overbank sediment transport, which would be the
result of flooding that has exceeded the banks of
the ditch and created drift lines on outlying areas. A
cursory search revealed no such features, suggesting
that the muck soil is capable of storing large volumes
of water.

These observations led to Mr. Nania’s suggestion
that a wetland restoration project is likely to be
successful if properly implemented. Mr. Nania and
Mr. Ziegler agreed with the WRM group’s optimism
and cited hydric soils, wetland vegetation, ground-
water contribution, and lack of overbank flooding as
supporting evidence. They furthermore suggested
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that significant grant funding might be attainable to
conduct a restoration project. Given that Mr. Nania
has considerable grant application review experience,
this gave the group reason for optimism.

JIM WELSH

Project members met with Natural Heritage Land
Trust Executive Director Jim Welsh on September 9,
2012 to discuss opportunities for land acquisition,
funding, and group collaboration for a Miljala Channel
restoration project. Welsh noted that Korth Park had
already been slated for expansion and conservation
enhancements as part of the Glacial Heritage Area

FIGUREF.2 WETLAND WALK WITH JEFF NANIA (CENTER, BACK TURNED) AND PETER ZIEGLER (NOT

(GHA). The GHA is a united network of parks, cultural
and historical sites, and wildlife and nature areas,
located primarily in Jefferson and neighboring coun-
ties of southeast Wisconsin. The GHA is headed by a
collaboration of governmental and non-governmental
agencies. Furthermore, Mr. Welch suggests that any
future conservation development plans on the Miljala
Channel watershed should be communicated to the
Jefferson County Parks Department early on.

The GHA master plan states, “[t]he Jefferson County
Parks Department will take the lead on expanding
the park, both to be able to provide a broader range
of recreation activities and experiences as well as to

gt

PICTURED). CHATTING WITH A LOCAL LANDOWNER ABOUT THE HISTORY OF THE AREA. PHOTO CREDIT:

STEVE NEARY, 7.20.12
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adjoin the Glacial Drumlin Trail and the Lake Mills
Wildlife Area” (GHA, 2011). Currently, 90 acres are
owned by Jefferson County Parks, and the GHA’s
projected area for the park is 285 acres. Welsh
suggested the RLIA should develop a mitigation plan
for the watershed that includes the GHA and also use
relationships with sponsor groups that have proven
track records of successful project management
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and execution. Developing partnerships with other
organizations will improve the integrity of grant
applications for watershed improvement projects
and land acquisition. Welsh expressed that he would
be happy to offer support and answer any questions
for RLIA as the project moves forward.
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APPENDIX G:

ECOSYSTEM MODEL

~OVERVIEW

During pre-settlement times, wetlands covered
about 10 million acres of Wisconsin’s total land area
as non-continuous sections of land situated at or
below the water table (DNR, 2003). These wetlands
were located throughout the state, both in glaciated
and non-glaciated regions. One common wetland
ecosystem type is the Shallow Emergent Marsh (SEM).
The SEM community is typically found on lowland
sites that are poorly-drained and contain nutrient-
rich, partially decomposed organic soils. These sites
feature year-round standing water and can have both
surface water and groundwater inputs while receiv-
ing a moderate amount of rainfall each year. SEMs
are found among depressions in glaciated terrain,
in places like lake beds, outwash plains, ground
moraines, and end moraines (USDA, 2011). These
wetlands were formed when decaying organic matter
became saturated and began to accumulate over
glacially deposited, impermeable layers of silt and
clay. Due to the rich nature of these soils, much of the
pre-settlement land supporting SEM was cleared for
agricultural purposes (Mitsch and Gosselink 2007).

COMMUNITY STRUCTURE, SPECIES
ABUNDANCE_AND DISTRIBUTION

Due to the submerged nature of the SEM, species
richness is low when compared to other plant
community types in Wisconsin. Generally speaking,
the most abundant species are sedges, rushes, reeds,
cattails and other grass-like emergent plants (Curtis,
1959). As for species with less frequent occurrence,
the relative abundance will most likely be site depen-
dent (Tables G.1 and G.2). For a full list of typical
species found in Wisconsin marsh ecosystems, consult
Table G.3. Site factors influencing abundance and
distribution are mostly related to site hydrology and
geologic landscape setting.

The first main factor influencing species abundance
and distribution is water input. SEMs are either fed
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by precipitation, groundwater, surface water, or a
combination of the two. Precipitation-dependent
marsh systems are nutrient poor and thus will contain
fewer species that require an abundance of dissolved
nutrients. Groundwater fed marsh systems have high
levels of nutrients, which are contributed by slowly
dissolving bedrock. In southern Wisconsin, ground-
water is typically basic due to calcium released from
limestone bedrock. Zimmerman (1953) created a
gradient of emergent aquatic plant species based on
several ranges of soluble calcium carbonate concen-
trations (Table G.4). Different species had optimum
ranges in soft, medium hard, and very hard water.
Surface water fed marsh systems are the most nutri-
ent rich due to suspended sediment and nutrients
contributed as a result of overland flow. Marshes
located on landscapes with adjacent agricultural activ-
ity are prone to nutrient saturation due to runoff from
fertilizer application and animal waste. These systems
are frequently dominated by aggressive colonizers
like cattails, reed canary grass and giant reed grass
(Mitsch and Gosselink, 2007).

The second factor affecting species abundance
and distribution is water depth, which closely corre-
lates with the type of water input for a given site.
Precipitation dependent marshes will have the
greatest fluctuation in stage height due to the irregu-
lar nature of rain events. These sites will contain
an abundance of species that can tolerate frequent
wetting and drying and fewer species that require
constant inundation. Groundwater fed marshes will
have the most static stage height due to a perpetual
source of water throughout the year. Species requir-
ing year-round inundation are generally abundant
in these systems. Surface water fed marshes fall in
the middle of the stage fluctuation gradient. These
systems generally have a peak stage after spring
snowmelt that slowly decreases throughout the
summer (Mitsch and Gosselink, 2007). In wet years
these marshes can have water depth exceeding two
feet, resulting in an abundance of species that float
on the surface or have floating leaves.
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TABLE G.1  PREVALENT SPECIES OF EMERGENT MARSH ECOSYSTEMS
IN WISCONSIN. SOURCE: VEGETATION OF WISCONSIN (CURTIS, 1959).

Prevalent species of emergent aquatic communities

Species Pres. Species Pres.
Eleocharis acicularis* 38% S. americanus* 429,
Iris shrevei 29 S. validus * 49
Phragmites communis * 38 Sparganium eurycarpum * 2%
Pontederia cordata* 51 Typha latifolia * !
Sagittaria latifolia* 62 Zizania aquatica* 53
Scirpus acutus* I3

* Species are also modal, since their pres-
ence values are higher here than in any
other Wisconsin community.

Additional modal species, with their presence
(%) values: Alisma plantago-aquatica
(11), Carex aquatilis (9), Carex tricho-
carpa (2), Cyperus strigosus (2), De-
codon verticillatus (11), Echinochloa
walteri (7), Eleocharis calva (4), Eleo-
charis palustris (18), Glyceria borealis
(2), Juncus torreyi (11), Lemna minor
(67), Lemna trisulca (22), Ludwigia
palustris (2), Ranunculus flabellaris
(2), Ranunculus reptans (2), Sagittaria

rigida (29), Scirpus fluviatilis (31),
Scirpus heterochaetus (16), Sparganium
americanum (2), Spirodela polyrhiza
(9), Typha angustifolia (29), Utricu-
laria vulgaris (22), Veronica anagallis-
aquatica (2).

No. of stands 45.

Species density 11.

Total no. of species 80.

Index of Homogeneity 49.2%.

No. of modal species 33.

No. of prevalent modal species as Y of total
prevalents 90.8%.

TABLE G.2 AVERAGE STRUCTURE OF CATTAIL MARSH ECOSYSTEMS IN
SOUTHERN WISCONSIN. SOURCE: VEGETATION OF WISCONSIN (CURTIS,

1959).

Average structure of southern cattail marshes

Density Density
Fre- per Fre- per

Species quency  sq. m. Species quency  sq. m
Lemna minor 100% 210.0 Typha latifolia 20 0.3
Typha angustifolia 95 27.3 Apocynum cannabinum 17 0.5
Utricularia vulgaris 93 130.2 Calamagrostis canadensis 17 3:1
Equisetum fluviatile 65 3.6 Carex hystericina 17 4.5
Eleocharis elliptica 53 70.9 Leersia oryzoides 17 2.0
Cicuta bulbifera 45 10.2 Salix interior 15 0.8
Scirpus americanus 40 33.1 Galium trifidum 13 )
Carex aquatilis 32 10.6 Carex stricta 13 5.5
Sagittaria latifolia 32 10.3 Rumex orbiculatus 11 0.2
Carex trichocarpa 23 749 Scirpus acutus 7 1.9
Lycopus uniflorus 23 5.8 Phragmites communis 7 31
Carex lanuginosa 20 1.1 plus six other species
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TABLE G.3

FULL LIST OF PLANT SPECIES
FOUND IN EMERGENT MARSH ECOSYSTEMS OF
WISCONSIN. SOURCE: WISCONSIN DNR.

Latin Name

Common Name

Latin Name

Common Name

Armoracia lacustris
Alisma plantago-aquatica
Apocynum cannabinum
Calamagrostis canadensis
Caltha natans

Carex aquatilis

Carex hystericina

Carex languinosa

Carex lenticularis

Carex stricta

Carex trichocarpa
Catabrosa aquatica
Cicuta bulbifera
Cyperus strigosus
Decodon verticillatus
Didiplis diandra
Echinochloa walteri
Echinodorus rostratus
Elatine triandra
Eleocharis acicularis
Eleocharis elliptica
Eleocharis equisetoides
Eleocharis erythropoda
Eleocharis flavescens
Eleocharis palustris

Lake-cress

Common Water-plantain
Indian Hemp

Bluejoint Grass

Floating Marsh-marigold
Water Sedge
Bottlebrush Sedge
Wooly Sedge

Shore Sedge

Tussock Sedge
Hairy-fruit Sedge

Brook Grass

Bulb-bearing Water-hemlock

Straw-colored Flatsedge
Swamp Loosestrife
Water-purslane
Water-millet

Erect Burhead
Longstem Water-wort
Needle Spike-rush
Elliptic Spike-rush
Horsetail Spike-rush
Bald Spike-rush
Capitate Spike-rush
Marsh Spike-rush

Saggitaria latifolia
Saggitaria rigida

Scirpus acutus

Scirpus americanus
Scirpus cyperinus
Scirpus fluviatilis

Scirpus heterochaetus
Scirpus pallidus

Scirpus torreyi

Scirpus validus
Sparganium americanum
Sparganium eurycarpum
Spirodela polyrhiza
Typha angustifolia
Typha x glauca

Typha latifolia
Utricularia vulgaris
Veronica anagallis-aquatica

Zizania aquatic

Broadleaf Arrowhead
Sessile-fruited Arrowhead
Hard-stem Bulrush
Three-square Bulrush
Wool Grass

River Bulrush

Slender Bulrush

Pale Bulrush

Torrey's Bulrush
Soft-stem Bulrush
American Bur-reed
Common Bur-reed
Giant Duckweed
Narrow-leaved Cattail
Hybrid Cattail
Broad-leaved Cattail
Common Bladderwort
Water Speedwell
Wild Rice

TABLE G.4

VEGETATION OF WISCONSIN (CURTIS, 1959)

HARDNESS PREFERENCE RANGES FOR
COMMON EMERGENT SPECIES IN WISCONSIN. SOURCE:

Latin Name

Common Name

Eleocharis quadrangulata
Eleocharis robbinsii
Epilobium strictum
Equisetum fluviatile
Galium palustre
Galium trifidum
Glyceria borealis

Iris virginica v. shrevei
Juncus torreyi

Leersia oryzoides
Lemna minor

Lemna trisulca
Ludwigia palustris
Lycopus uniflorus
Myosotis laxa

Nuphar advena
Phragmites communis
Pontederia cordata
Ranunculus cymbalaria
Ranunculus flabellaris
Ranunculus gmelinii
Ranunculus reptans
Rumex orbiculatus
Salix interior
Sagittaria calycina

Square-stem Spike-rush
Robbins' Spike-rush
Downy Willow-herb
Water Horsetail

Marsh Bedstraw
Three-petal Bedstraw
Northern Mannagrass
Blue Flag Iris

Torrey's Rush

Rice Cut-grass
Common Duckweed
Star Duckweed

Marsh Purslane
Northern Bugleweed
Small Forget-me-not
Yellow Water Lily
Giant Reed Grass
Pickerelweed

Seaside Crowfoot
Yellow Water Crowfoot

Small Yellow Water Crowfoot

Creeping Spearwort
Great Water Dock
Sandbar Willow
Long-lobe Arrowhead

Emergent aquatics by water hardness classes

% presence in

Species with optimum in soft water
Glyceria canadensis
Sagittaria latifolia
Scirpus cyperinus
Spartina pectinata

Species with optimum in medium hard water
Scirpus validus
Sagittaria rigida
Eleocharis acicularis

Species with optimum in very hard water
Iris virginica
Leersia oryzoides
Scirpus acutus
S. americanus
S. fluviatilis

Species with no pronounced optimum
Eleocharis palustris
Pontederia cordata
Typha latifolia
Zizania aquatica
Phragmites communis

50p-p.m. orless  50-150 p.p.m. 150 p.p.m. or m
(CaCOy) (CaCOf) ﬁ(é’aCO;) A

8 6 0
83 62 53
17 6 0
25 12 0
33 65 54

8 53 23
42 47 31
17 24 39

8 18 39
42 82 100
25 47 54

8 35 54
17 18 15
58 59 46
67 71 77
58 65 62
42 35 54
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The spatial distribution of a given emergent species
is generally random, although there are likely to be
some patterns evident. Species capable of tolerating
fluctuating water levels, such as sedges, are more
likely to be found on fringe areas, while species that
require constant inundation will be found in deeper
spots within a marsh (Curtis, 1959). During intense
precipitation events, sedimentation can occur that
may create open pockets of exposed soil. These sites
create a favorable environment for early colonizers
like reed canary grass and smartweed (Figure G.1).

Another factor affecting the spatial distribution
and structure of a SEM community is the method
by which most of the plant species reproduce. Most
of these plant species contain large underground
functional structures used to anchor into water-
logged soil. A second function of these structures is
vegetative propagation. In this form of reproduction,
the plants spread via underground stems, called
rhizomes, that can move through the soil and send
out new shoots as they move across the landscape.

s

As a result, these species tend to grow in large clonal
clumps that are all derived from a single plant.
Vegetative propagation is very common and results
in a high density per unit area within a species
colony (Curtis, 1959).

While plant species tend to reproduce vegeta-
tively once established in a marsh, they are also
capable of reproducing via seed dispersal. Species
like cattails can produce hundreds of seeds that are
wind or animal disseminated. Over time, unger-
minated seeds accumulate in the soil and create
what is known as a seed bank. Wetland soils, also
known as hydric soils, will very often have a natural
seed bank containing seeds from many different
wetland plants. When soil becomes exposed through
erosion or other processes, favorable conditions
will cause exposed seeds to germinate. This can be
useful when attempting to restore or amend the
vegetative community in a shallow marsh ecosystem
(Galatowitsch and van der Valk, 1995).

@ €

FIGURE G.1 EARLY COLONIZING PLANTS ARE ABLE TO QUICKLY GAIN A FOOTHOLD
IN DEPOSITED SEDIMENT AFTER A STORM EVENT.
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MWILDLIFE COMMUNITY

The shallow emergent marshes of Wisconsin are
considered one of the most valuable habitats for a
number of avian species. They serve as a breeding
and feeding ground for a large number of waterfowl
species in North America. They also serve as a tempo-
rary stopping point for migratory birds on their annual
migrations (Mitsch and Gosselink, 2007). Different
bird species prefer specific parts of a marsh for vari-
ous reasons, and thus marshes that contain a variety
of plant species and habitats, or nesting substrates
(open water, edge, emergent), will have the greatest
avian species richness (Galatowitsch and van der Valk,
1994). SEM communities also provide valuable habi-
tat for a number of other species including reptiles
and amphibians (Figure G.2).

-£COLOGICAL _PROCESSES

Disturbances

The disturbance regime in this community

ecosystem type is one that occurs naturally but is also
accelerated by humans in many cases. SEM communi-
ties in Wisconsin typically developed when glaciation
created low, flat areas in the landscape that began

to collect water from both above and below-ground
sources. As water flowed in, these areas began to
collect sediment that allowed for vegetation growth.
Thus, the SEM ecosystem is a transitional community
on the wetland succession gradient. Emergent vegeta-
tion slows down flow velocity and causes suspended
particles to drop from the water column. Over the
course of time, enough sediment can accumulate
such that the water level in the marsh is no longer
deep enough to support emergent aquatic vegeta-
tion. At this point, the marsh has transitioned into a
wet prairie or sedge meadow (Curtis, 1959).

Humans can increase the frequency and intensity of
disturbances in several ways. Because of Wisconsin’s
rich agricultural industry, many wetlands are located
within proximity to some type of agricultural activ-
ity. Bare fields cleared for agriculture can contribute
significant amounts of suspended sediment during

FIGURE G.2 A PAIR OF SANDHILL CRANES WANDERING
THE FIELDS ADJACENT TO SS4 (TOP), A PAINTED TURTLE
(TOP LEFT), AND AN AMERICAN TOAD (BOTTOM LEFT).
PHOTO CREDIT: STEVE NEARY, 3.9.12
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intense spring precipitation events. The suspended
soil is often accompanied by fertilizers and pesticides
that are applied to fields in order to improve crop
production. As a result, sedimentation can occur
more rapidly if a marsh is located proximate to these
types of fields. In addition, increased nutrient input
creates a favorable environment for invasive (both
native and non-native) species like reed canary
grass and giant reed grass that can aggressively take
over a site and suppress growth of other species
(Galatowitsch and van der Valk, 1994).

Another way that humans increase disturbance
impact is through the creation of impervious
surfaces. Rooftops, roads, driveways and sidewalks
are all types of impervious surfaces. During precipi-
tation events, these surfaces shed water at a greater
rate than do naturally vegetated surfaces. This
results in increased water volumes moving at higher
rates through a watershed. Not only can the water
carry unwanted elements such as lawn fertilizers
or automobile fluids, but it can also increase soil
erosion due to increased flow velocity.

i N '
i ki 7 NN e S By

FIGURE G.3 CANADIAN GEESE FORGE A TEMPORARY HOME AT THE SOUTH EDGE OF THE POND AT SS4 (LEFT) AND

Nutrient Cycling

One of the most important functions of a SEM,
and wetlands in general, is nutrient cycling. Because
water is present throughout the year, SEM commu-
nities have certain biogeochemical processes and
pathways that dominate the system and are unique
compared to upland or open water ecosystems.
These processes occur within a marsh as well as
between the marsh and its surrounding landscape.

One of the most important functions of a SEM is the
ability to sequester and retain phosphorus (Mitsch
and Gosselink, 2007). This is of particular importance
in watersheds that contain agricultural activity, as
manure and fertilizers can contribute phosphorus
through overland flow and can lead to eutrophica-
tion of lakes and rivers (Galatowitsch and van der
Valk, 1994). Soluble phosphorus has an affinity to
bind with iron, calcium and magnesium; therefore,
groundwater fed systems containing these elements
will be more effective at sequestering phosphorus
and rendering it unavailable for plant and algal
growth (Mitsch and Gosselink, 2007).

REED CANARY GRASS BEGINS TO FORM AROUND THE POND (RIGHT).
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Shallow emergent marsh communities are also very
important in the global nitrogen cycle. Nitrogen,
like phosphorus, is a major component of runoff
from agricultural fertilizers and animal waste. Excess
available nitrogen can lead to eutrophication of
waterways, and can also create favorable conditions
for invasive species like narrow-leaf or hybrid cattails
and reed canary grass. The main process occurring
in a SEM is called denitrification, which is performed
by bacteria in anaerobic conditions. The bacteria
breakdown soluble nitrate (NO3-) and convert it
into gaseous form (N2 or N20), effectively removing
it from the aquatic system (Mitsch and Gosselink,
2007).

FIGURE G.4 REED CANARY GRASS EMERGES
FROM MATS FORMED BY TUSSOCK SEDGE, A
NATIVE WETLAND PLANT, AT SS4. PHOTO CREDIT:
STEVE NEARY, 3.18.12
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Nutrients like phosphorus, nitrogen, and carbon
can also be sequestered via wetland plant uptake.
As dead plant material containing these nutrients
accumulates in saturated or anaerobic conditions,
decomposition occurs at a much slower rate than at
upland sites. This allows for a significant amount of
previously soluble nutrients to be tied up in organic
materials or hydric soil. SEM communities that
maintain a static stage height year round will be most
effective at slowing decomposition. Lowering of the
stage during summer months will expose previously
inundated plant material and speed up decomposi-
tion, rendering nutrients available for plant uptake.

Species Interactions

Of all interspecies activity occurring within a SEM,
the chief interaction is between the muskrat and
the surrounding plant community. Muskrats can be
considered the most important animal species to
inhabit a SEM. They play a significant role in deter-
mining the distribution of plant species and the
structure of the marsh in general. Muskrats construct
large dwellings made out of mud and plant stems,
usually cattails and bulrushes (Curtis, 1959). These
dwellings typically emerge from the water, and
serve as micro-habitat for sedges and other grass-
like plants. Muskrats also consume a large amount
of emergent vegetation, and in high densities are
capable of creating large areas of open water that are
devoid of vegetation (DeSzalay and Cassidy, 2004).
In some cases, these areas are colonized by floating
aquatic vegetation. The muskrat’s significant influence
has been thought to retard or even reverse succes-
sion in SEM communities (Curtis, 1959).
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~HuMAN _USE_AND _IMPACT

Invasive Species

The introduction of invasive species is the most
pronounced effect that humans can have on a SEM.
Whether intended or not, the introduction of aggres-
sive invasive species (native and non-native) can be
devastating to the species diversity of a SEM. Plants
like reed canary grass, giant reed grass, and narrow-
leaved cattails are capable of tolerating a wide range
of site types, but SEMs are particularly at risk due
to their placement on the landscape and potential
for surface runoff. Because they are located on low
points in the landscape, SEMs will typically collect
runoff containing suspended sediment and nutrients.
Agricultural watersheds are the most vulnerable
due to the presence of fertilizers and animal waste.
As a result, there are plenty of nutrients and water
available for plant growth, presenting a potential
invader with an almost ideal situation for coloniza-
tion. Intense precipitation events can cause excessive
sedimentation that creates patches of deposited soil,
creating an ideal habitat for a quick colonizer.

Most invasives become recognized as such because
they have rapid population growth that causes a
decline in the number and abundance of native
species. The DNR reports that many marshes in the
Southeast Glacial Plains region are becoming domi-
nated by the invasive narrow-leaved cattail, which
has the capability of altering the plant community
in a marsh (2012). This happens when the inva-
sive cattails out-compete the natives, due to their
ability to produce rhizomes at a greater rate than
other native species (Curtis, 1959). Thus, they are
able to occupy a great amount of area in a short
amount of time. In addition to extensive horizontal
growth, invasives tend to have rapid vertical growth
that prevents other adjacent plants from receiv-
ing full sunlight. Thick clonal stands tend to shade
out the areas around them and create unfavorable
growing conditions for other plants. Once these
invasive species become well-established within
a SEM, excessive human management is required

PAGE 116

for removal, and even then eradication is not
guaranteed.

In addition to vegetative propagation, many inva-
sive species are prolific seeders (e.g. cattails, grasses)
that produce thousands of seeds per plant each
year, increasing the odds of survival. These types
of seeds are typically wind disseminated, which is
virtually impossible to control. Seeds can accumulate
in the seed bank, resulting in a return of undesirable
species subsequent to eradication. One way to avoid
colonization by invasives is to make sure that nearby
forests, fields, and open lots are also free from these
invaders. Removal of excess nutrient and sediment
input is another way to prevent invasion. Buffer
areas around a marsh are one way to achieve this.

Hunting

Hunting is one of the most popular outdoor activi-
ties in Wisconsin, and has deep rooted cultural
significance throughout the state. Wisconsin has a
waterfowl hunting season that occurs each fall (DNR,
2012). SEM communities in Wisconsin are an ideal
location for waterfowl due to the abundance of
food and habitat for nesting. In order to maintain a
healthy waterfowl| population that can support hunt-
ing pressure, it is imperative that enough habitat and
food exist to sustain such a population.

Water Quality

One of the most valuable functions of a SEM is
the ability to improve water quality. As mentioned
before, a SEM is able to remove and sequester
nutrients and suspended sediment that can be
detrimental to surface waterways and groundwater
used for human consumption. High plant growth
rates and a variety of decomposition pathways also
allow for an accumulation of organic matter that can
lead to the permanent removal of chemicals (Mitsch
and Gosselink, 2007). SEM systems provide a natural
method of improving water quality for a variety of
human uses, including recreation, agriculture and
municipal water.
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APPENDIX H:

WELL CONSTRUCTION

A series of 9 hand-augured wells and a staff gauge
at the outflow of the ditch were used to identify the
relationship between the water table and the ditch.
The wells were located in the Houghton Muck (muck)
and underlying silty-clay layer at five locations (Figure
H.1). Plans to auger wells into other sections of the
watershed were abandoned when soil sampling
revealed an abundance of silty-clay soils with low
permeability throughout the watershed. Thus, wells
were not located outside of the muck soil type.

Well locations were chosen to best illustrate the
water flow system within the watershed. Within the
unconfined muck aquifer, water flows from areas with
a higher to a lower water table elevation. Additionally,
water table elevation will typically mimic surface
elevation. Sandy substrates found in the glacial drum-
lins surrounding the watershed will typically transmit
water more quickly than silt or clay (Figure H.1).

Well nests were used at three locations to identify

vertical flow between the muck and silty-clay layers
(Figure H.2). Since water flows from higher hydraulic
head to lower hydraulic head, flow direction can be
identified through a comparison of water elevation
differences. Nested wells reveal how the muck inter-
acts with the deeper aquifer below the silty-clay layer.
If a component of the source water originated in a
deeper aquifer, the well screened in the muck would
have a lower water elevation than the well screened
in the silty-clay layer (Hypothetical Water Table #1,
Figure H.2). The inverse is a sign of water loss from
the muck to the deeper aquifer (Hypothetical Water
Table #3, Figure H.2). If there is no significant flow
between the two aquifers, both water table eleva-
tions will be the same (Hypothetical Water Table #2,
Figure H.2).

One well nest is located near the confluence of the
two main channels at the headwaters of the ditch.
The first well, MW1, was screened in the base of the

Well Construction Elevations

18.0

16.0

14.0

12.0

10.0
8.0
6.0
4.0

2.0

0.0

5

-2.0

Elevation from 0.00 feet on Staff Gage

MW1 MW2 MW3&35MW4 MW5 MW6
Well Number

MW 8

MW 9

FIGURE H.1 WELL CONSTRUCTION DIAGRAM OF THE WELLS LOCATED IN THE WATERSHED. GREY REPRESENTS
THE SILTY-CLAY LAYER AND BROWN REPRESENTS THE HOUGHTON MUCK. ALL ELEVATIONS HAVE BEEN SURVEYED TO

0.00 FEET ON THE STAFF GAGE.
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muck while MW2 was augured to the base of the
silty-clay layer. These wells were placed at this loca-
tion to determine water elevation within this section
of the watershed and to identify potential pollutant
sources from groundwater. Similar water elevations
were observed at MW1 and MW2, despite being
screened into different substrates. This indicates
there is no flow of deep groundwater moving from
the silt into the muck or flow into the deeper aquifer
from the muck. These wells have the highest water
elevation within the watershed by nearly five feet.

Downstream from the upper reach nest, MW8

was screened into the muck where the drain tile
connected to SS4 enters the ditch. This location was
chosen to monitor potential drain tile impact on
water elevation changes or pollutant loading. MW8
typically had the lowest water elevation of all wells
and appeared to reflect stream stage during rainfall
events.

Located directly north of MW8 on the opposite side
of the ditch, MW9 was also screened into the muck.
Comparison of head values in these wells allowed
for determination of the flow gradient into the ditch
at this location. The location of MW 9 also provided

Limited Flow
Water Table #2

Water Table #1

ow Water Table

Unconsolidated
Sediments

FIGURE H.2 THEORETICAL VERTICAL AND HORIZONTAL CONTRIBUTION OF GROUNDWATER INTO THE DITCH.
GROUNDWATER PRIMARILY FLOWS INTO THE WATERSHED THROUGH HORIZONTAL FLOW FROM UNCONSOLIDATED
SEDIMENTS WHERE THE SILTY-CLAY LAYER IS THIN OR NONEXISTENT. VERTICAL FLOW FROM UNDER THE MUCK SOILS
IS INDICATED BY THE RELATIONSHIP BETWEEN WELLS WITHIN A WELL NEST. IF WATER LEVELS ARE SIMILAR BETWEEN
BOTH WELLS (HYPOTHETICAL WATER TABLE #2), THERE IS MINIMAL VERTICAL FLOW. IF WATER LEVEL IS LOWER IN
THE DEEPER WELL (HYPOTHETICAL WATER TABLE #3), THEN WATER FLOWS DOWNWARD OUT OF THE MUCK. IF THE
INVERSE IS TRUE (HYPOTHETICAL WATER TABLE #1), WATER IS FLOWING UPWARD THROUGH THE SILTY-CLAY LAYER
INTO THE MUCK. TYPICALLY, THERE IS LIMITED VERTICAL FLOW THROUGH THE BOTTOM OF THE SILTY-CLAY LAYER.
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the ability to sample groundwater input from the
north side of the watershed for phosphorus and
bacteria concentrations. Throughout the early portion
of the study period MW9 had the second highest
water elevations. In fact the water table was approxi-
mately 2 feet below the surface throughout much

of this time period. Without rainfall the volume of
water stored in the muck decreased and water levels
dropped to below the bottom of the well.

Nested wells MW5 and MW6 were sited adjacent
to a groundwater seep on the southern side of the
ditch, east of MW8. This nest was installed to observe
phosphorus and bacteria levels and groundwater flow
entering the muck at this location. MW5 maintained
water elevation consistently higher than surrounding
wells throughout the drought period, demonstrat-
ing a significant, sustained groundwater source.
Throughout the study period, MW5 and MW6 had a
similar pattern of flow despite MW®6’s higher water
elevation. This indicates upward flow through the
silty-clay layer into the muck at this location (Figure
H.3).

To examine flow further from the ditch, nested wells
MW3, MW3.5, and MW4 were sited approximately 50
meters south of MWS, between two drumlins. MW3
and MW3.5 were screened in muck at two different
elevations. MW 3 and MW 3.5 showed similar water
elevations. MW4 was screened in the silty-clay layer
to observe flow moving upward or downward through
the silty-clay. The well nest consisting of MW3,
MW3.5, and MW4 exhibited similar water eleva-
tions from January through June 2012. In July, the

THE MILJALA CHANNEL OF Rock LAKE

water table dropped below well screens in MW3 and
MW3.5, and eventually dropped below MW4 due to a
lack of recharge from groundwater inputs within this
region (Figure H.4). Therefore the primary recharge
mechanism within this region of the watershed is
precipitation.

Water table elevation in wells located in the silty-clay
layer followed similar patterns from June through
May, at which point MW2 and MW6 continued to
follow the same pattern while MW4 decreased in
elevation until it fell below the well screen (Figure
H.5). This may imply that MW4 was not augured
as closely to the bottom of the silty-clay layer as
were MW2 and MW, or that it is not hydrologically
connected to the same aquifer.

These data, along with regional groundwater flow
maps (Boreman and Trotta, 1975), indicate that the
primary baseflow source is a regional groundwater
discharge from drumlins surrounding the muck soils.
The assumption that groundwater inputs originate
from all drumlins surrounding the muck would
explain why MW9 decreased significantly and did
not respond in the same fashion as MW5, as MW
9 is farther from the discharge location. The results
also signify a lack of upward flow from the deeper
aquifer throughout much of the watershed. Most
importantly, these results demonstrate two impor-
tant features. The first is the fundamental connection
between precipitation and all water levels within this
watershed. Second, there is a significant baseflow
component to the system.
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Variations in Water Table: Well Nest MW 1 and MW 2
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FIGURE H.3 DIFFERENCES BETWEEN GROUNDWATER LEVELS IN THE THREE WELL NESTS.
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Variations in Water Table: Silty-Clay Layer
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FIGURE H.5 DIFFERENCES BETWEEN GROUNDWATER LEVELS IN WELLS IN SILTY-CLAY LAYER.
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APPENDIX I:

ATER QUALITY MEASURES

Water quality within the ditch has implications for
the ecological health of the channel and the lake
at large. Poor water quality within the lake has the
potential to decrease shoreline property values and
pose a threat to local tourism activities, including
boating and fishing. Several water quality parameters
were examined over the duration of the study in an
attempt to pinpoint the source of pollution entering
the ditch.

MATER TEMPERATURE

Water temperature within a water body fluctuates
on a daily and seasonal basis. Temperature plays a
major role in determining the rate of aquatic chemi-
cal and biological processes, including bacterial and

algal growth and metabolic rates of aquatic life. Most
aquatic organisms tolerate a narrow thermal range
and can be significantly impacted by storm water
inputs related to increases in impervious surfaces
typically seen in developing areas.

Water temperature was more variable at surface
sites than within monitoring wells. Temperature
generally became cooler with distance downstream
due to continued groundwater input. Warmer
temperatures were observed in surface water in the
upper reaches of the ditch where low water levels
and slow flow increased interception of solar radia-
tion. Temperature also varied seasonally. The figures
below depict monitoring results over the course of
the project (Figure 1.1, 1.2, and 1.3 ).
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FIGUREI.1 WATER TEMPERATURE (MEASURED IN DEGREES CELSIUS) TAKEN AT THE SURFACE SITES.
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FIGURE .2 WATER TEMPERATURE (MEASURED IN DEGREES CELSIUS) TAKEN AT THE MONITORING WELLS SCREENED IN

PEAT SoILS.
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FIGURE 1.3  WATER TEMPERATURE (MEASURED IN DEGREES CELSIUS) TAKEN AT THE MONITORING WELLS SCREENED IN
SILTY-CLAY SOILS.
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DIssoLVED OXYGEN (D,0,)

Dissolved oxygen fluctuates on both a seasonal and
diurnal, or 24-hour, cycle depending on the biologi-
cal activity taking place within the water body. Many
aquatic organisms are limited by oxygen levels within
their respective habitats. For example, most fish
species cannot tolerate oxygen levels less than 3.0
mg/L and, in Wisconsin, trout streams are classified
as having 8-12 mg/L of oxygen available. It should
also be noted that dissolved oxygen varies with water
temperature. Colder water can hold more oxygen,
thereby enhancing habitat for cold water fish species
and the macroinvertebrates that they feed on.

Higher dissolved oxygen concentrations were
observed at surface sites than within monitoring
wells. This is due to the fact that the surface sites are
subject to atmospheric exposure, which allows for the
mixing of atmospheric oxygen at the air-water bound-
ary. Sampling sites within the upper reaches of the
watershed exhibited lower values of dissolved oxygen
than sites in the lower portion of the watershed. One
potential explanation for this trend is microbial reduc-
tion of oxygen within the soils. The trend could also
be attributed to groundwater inputs low in dissolved
oxygen. The figures below depict monitoring results
over the course of the project. (Figures 1.4, I.5, and
1.6)
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FIGURE |.4 DISSOLVED OXYGEN (MG/L) MEASUREMENTS TAKEN AT THE SURFACE SITES.
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Dissolved Oxygen in Monitoring Wells Screened in Peat
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FIGURE L5 DISSOLVED OXYGEN (MG/L) MEASUREMENTS TAKEN IN THE WELLS SCREENED IN PEAT SOILS.
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FIGURE I.6
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_CONDUCTIVITY

Conductivity in natural waters is affected by the
concentration of anions (chloride, phosphate, nitrate,
and sulfate) and cations (sodium, magnesium,
calcium, iron) within a water body. Water tempera-
ture also has an impact on conductivity, which is why
measurements are usually reported as “normalized
at 25 degrees Celsius.” Within moving water bodies,
conductivity is generally correlated with regional geol-
ogy. For example, when water is exposed to soluble
minerals for prolonged periods of time, specific

conductance will increase. This indicates that the
longer it takes for water to move from infiltrating into
the aquifer to flowing out of the aquifer, the higher
the amount of anions will be present in the solution.
Carbonate bedrock, limestone or dolostone, is an
example of relatively soluble bedrock, so exposure to
gravels or bedrock composed of these minerals for
extended periods of time will usually result in water
with higher conductivity.

Conductivity monitoring results were obtained over
the course of the project (Figures 1.7, 1.8, and 1.9).

Conductivity (Normalized at 25 deg C) at Surface Sites
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FIGURE |.7 CONDUCTIVITY MEASUREMENTS TAKEN AT THE SURFACE SITES.
Conductivity (Normalized at 25 deg C) in
Monitoring Wells Screened in Peat
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FIGURE |.8 CONDUCTIVITY MEASUREMENTS TAKEN IN THE WELLS SCREENED IN PEAT SOILS.
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Conductivity (Normalized at 25 deg C)
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FIGURE .9 CONDUCTIVITY MEASUREMENTS TAKEN IN THE WELLS SCREENED IN SILTY-CLAY SOILS.
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FIGURE |.10 CONDUCTIVITY AND PRECIPITATION DATA COLLECTED SHOWING THE IMPACTS
OF RAINFALL ON CONDUCTIVITY LEVELS.
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Continuous Data - Conductivity increase is typi-
cally associated with longer exposure to mineral
substrates, typical of long flow paths through
groundwater systems. Conductivity typically
decreases during precipitation events due to limited
ion concentrations in rainwater. Figure .10 shows a
quick decrease in conductivity then a slower increase
back to normal levels. Normal levels of conductivity
occur when ions are in equilibrium in the water, with
mineral dissociation occurring until this equilibrium
is reached (Figure 1.10).

In the absence of precipitation, increases in
conductivity followed by constant levels show
groundwater inputs from deeper reservoirs (Figure
I.11). Decreases during precipitation events demon-
strate shallower aquifer contribution to the system.
This indicates a deep groundwater contribution
driving flow during dry periods. Deep groundwater
contributions likely originate south of the watershed,
as “yellow gravel,” or dolomite gravel, is reported
in well logs there. Groundwater originating north
of the watershed would have lower conductivity, as
well logs indicate primarily sand deposits within this
region.
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FIGURE I.11 CONDUCTIVITY AND PRECIPITATION DATA COLLECTED SHOWING THE IMPACTS ON
CONDUCTIVITY LEVELS WHEN NO PRECIPITATION OCCURS.
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Non continuous data - Higher conductivity levels are
typical of deep groundwater input, as found at the conflu-
ence of the two upper reaches near MW1 and MW?2.
Groundwater elevation at this location maintained near
static levels through time, despite limited rainfall through-
out the summer. Deep groundwater input is also evident
at MW5 and MW6, where a slight elevation in conductivity
was observed. This conclusion is supported by sustained
water elevations in these wells, despite decreases in MW
3, MW 3.5, MW 4, and MW 9, all of which are located at a
greater distance from drumlins.

Overall, conductivity decreases were observed in both
monitoring wells and at surface sites as one moves down-
stream in the watershed. Levels are higher at surface
sites than in wells, which could be attributed to chemical
reactions occurring in anaerobic environments typical of
wetland areas with high organic content. Higher levels at
surface sites also indicate that groundwater inflow occurs
from the sides of the aquifer rather than up through the
silty-clay layer. This is not conclusive, however, considering
that clay can typically cause the same changes. Nested well
samples indicate that proximate locations have compa-
rable conductivity values, regardless of substrate.

PH

The typical range of pH in natural waters is 6-8. It should
be noted that pH is on a logarithmic scale, therefore a
decrease in pH by one increment results in a tenfold
increase in acidity. pH values are affected by occurrences
such as atmospheric deposition in the form of acid rain,
weathering of nearby rock, and discharge from wastewater
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treatment facilities. A low pH value (less than 5) can allow
for toxic compounds to mobilize within a water body and
be available for uptake by plants and animals, potentially
resulting in adverse impacts to aquatic life (including
reduced biodiversity) and human health (including biomag-
nification of toxic compounds in game fish).

Surface sites exhibited more variability in pH than moni-
toring wells. The majority of wells had pH values near 7,
which is typical of groundwater fed wetlands. MW1 and
MWS5 exhibited higher pH values than the other wells,
which is likely due to their proximity to groundwater
input sources. Daily and seasonal fluctuations in pH may
be caused by natural variations in photosynthesis in the
ditch. The process of photosynthesis uses hydrogen ions,
which reduces stream hydrogen concentration and thereby
slightly increases the measured pH value. The processes of
decomposition and respiration have the opposite effect.
Overall, measured pH values are highest during the day,
especially during the growing season when photosynthesis
is at its maximum. In anaerobic environments with abun-
dant organic material, (typical wetland conditions) pH
levels are controlled primarily through microbial reduction.

It should be noted that these measurements are sensi-
tive to sampling error due to the calibration process, which
must be conducted prior to use of the probe. Figures .12,
1.13, and I.14 depict monitoring results over the course of
the project.
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FIGURE .12 PH MEASUREMENTS AT THE SURFACE SITES.
pH in Monitoring Wells Screened in Peat
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FIGURE I.13 PH MEASUREMENTS TAKEN IN THE WELLS SCREENED IN PEAT SOILS.
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pH in Monitoring Wells Screened in Silty-Clay
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FIGURE I.14 PH MEASUREMENTS TAKEN IN THE WELLS SCREENED IN SILTY-CLAY SOILS.

PAGE 132 THE MILJALA CHANNEL OF Rock LAKE




