
 

R e s p o n s e  t o  W D N R  Q u e s t i o n s  

Regarding Letter to Waukesha 
Water Utility (December 2, 2010) 

on Application for Lake Michigan 
Water Supply (May 2010) 

 

Submitted to 

Wisconsin Department of Natural Resources 

April 2011 

Submitted by 

City of Waukesha, Wisconsin 



1 

Responses Regarding Return Flow 

Comment RF1 
How much water will the Waukesha wastewater treatment plant continue to receive from 
the Mississippi Basin? Provide a table and graph showing the daily volumes of wastewater 
received from other communities/areas that will not receive Lake Michigan water for the 
years 2007–2010, and include information on any proposed increased or decreased flows 
from these areas. 

Response 
The City of Waukesha wastewater treatment plant (WWTP) receives wastewater flow from 
sewers within the City, small portions of a few neighboring communities,1

Records for City of Waukesha wastewater-only customers (customers that receive only 
wastewater treatment services from Waukesha) were used for years 2007 to 2010 to calculate 
the volume of wastewater conveyed to the WWTP from the Mississippi Basin. Daily 
wastewater-only flow rates are not available because meters are read quarterly, or some 
wastewater customers (62) have fixed usage billing. Consequently, daily average 
wastewater volumes are calculated by averaging the yearly volumes for each day.  

 and hauled 
wastewater from septic and holding tanks. Flow to the WWTP only occurs from within the 
sewer service area. As discussed in Appendix E of the Application, the sanitary sewer 
service area and the water supply service area are very similar.  

The annual volume of wastewater received at the WWTP from locations that do not receive 
water service ranges between 53.4 million gallons (Mgal) in 2007 to 69.0 Mgal in 2008 
(Exhibit 1). This equates to an average daily flow between 0.15 and 0.19 million gallons per 
day (mgd), which is between 1.4 and 1.6 percent of the total average daily WWTP flow.  

EXHIBIT 1 
Summary of Wastewater-only Volume and Flow in the City of Waukesha Sewer Service Area 

 2007 2008 2009 2010 

Wastewater-only Service Total Annual Volume (Mgal) 53.4 69.0 57.7 59.8 

Wastewater-only Service Average Daily Flow (mgd) 0.15 0.19 0.16 0.16 

WWTP Average Daily Flow (mgd) 10.7 11.7 10.7 10.6 

Fraction of WWTP Flow that is from the Wastewater-only 
Customers (%) 1.4% 1.6% 1.5% 1.6% 

 
The future population increases for the wastewater-only service area is anticipated to be 
about 500 persons2

                                                      
1 SEWRPC, Sanitary Sewer Service Area for the City of Waukesha and Environs. March 1999. (Amended February 2001, 
June 2002, September 2003, September 2004, September 2005, September 2006, and December 2007.) 

 from the Village of Wales. This portion of the Village of Wales is not 

2 SEWRPC, Sanitary Sewer Service Area for the City of Waukesha and Environs, September 2006 and December 2007 
Amendments. http://www.sewrpc.org/ publications/capr/capr-100_ssa_city_of_waukesha.pdf. 
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currently connected to the City’s wastewater collection system, but the Southeastern 
Wisconsin Regional Planning Commission included it within the sewer service area for 
future connection. 

Comment RF2 
Provide a table and graph showing how the proposed return flow management plan would 
have worked for 2005 and 2008 based on the actual daily flows during those years. How 
much water would have been returned to Underwood Creek versus the Fox River? 

Response 
Refer to Attachment RF2, “Fox River and Underwood Creek Flow Rates with Return Flow 
in Years 2005 and 2008.” 

Comment RF3 
Provide the conceptual plans for the physical components that will be used for changing the 
effluent flow between the two discharge points. 

Comment RF4 
What specific criteria will be used to decide when and how much water will be returned to the 
Fox River versus Underwood Creek? (E.g., No flow will be discharged when the flow in 
Underwood Creek is X (amount) based upon a measurement at Y (location)?, etc.) 

Response 
The responses for questions RF3 and RF4 are interrelated so they are answered together in 
one response below: 

The final steps of treatment at the Waukesha WWTP include dual media sand filters, ultraviolet 
(UV) light disinfection, diffused air aeration, and flow monitoring prior to discharging to the 
Fox River under current operation. Aeration is provided to increase the dissolved oxygen 
concentration in the treated effluent prior to discharge as required by the WPDES discharge 
permit.  

To provide return flow for a Lake Michigan water supply, the modifications required at the 
WWTP would include the construction of a return flow pump station with related 
appurtenances such as inlet gates, an effluent discharge weir, and the extension of the 
effluent channel. Exhibits 1 and 2 show conceptual modifications to the Waukesha WWTP 
to provide return flow to Underwood Creek and allow discharge to the Fox River. 
Discharge to the Fox River would only occur when required by the return flow management 
plan approved by the WDNR (as summarized in Section 5 of the Application). 

The return flow pump station is for pumping fully treated, disinfected, and aerated effluent 
to Underwood Creek. The pumps will have variable frequency drives to allow the return 
flow rate to be adjusted to meet return flow requirements (i.e. the pump speed will dictate 
the return flow rate). The pump station will have a split wetwell to allow for maintenance 
while providing return flow. During normal operating conditions, all three wetwell gates 
will be open. During maintenance, the gate between the wetwells will be closed and one of 
the gates feeding the pump station will be closed to allow isolation of either wetwell.  
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EXHIBIT 1  
Plan View Aerial of the Return Flow Pump Station  

 
 

EXHIBIT 2  
Conceptual Plan for the Return Flow Pump Station and Associated Improvements 

 

Note: Existing facilites are screened and new facilities are shown in bold.  
 

Return Flow Pipeline

Return Flow
Pump Station
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The capacity of each wetwell, including the pumps for each, will be sized to provide the 
anticipated return flow. This will allow the City to complete maintenance of the wetwells 
while not limiting their ability to provide return flow as discussed below and in Section 5 of 
the Application.  

A weir is anticipated within the effluent channel to direct treated effluent towards the pump 
station. The weir would continue to allow water to discharge to the Fox River when the 
WWTP flow rate exceeds the return flow rate required to be conveyed to Underwood Creek. 
The pump station will have instrumentation and controls to allow for the automated 
operation of the pump station to adjust flow rates based on water demand, and to 
temporarily pause return flow when high flows are experienced in Underwood Creek. 

As discussed in Section 5 of the Application, the return flow rate will be determined based 
on the Lake Michigan water withdrawal, with a maximum return flow rate that will not 
exceed 115 percent of the average daily water withdrawal. The City of Waukesha will 
monitor the withdrawal and return flow rates on a daily basis to ensure that the minimum 
requirement of the Compact is met: returning the withdrawn water, less consumptive use. 
The City will also monitor the return flow rates to achieve their goal of 100 percent return 
flow over a 5 year management period. All return flow will originate from the return flow 
pump station at the City of Waukesha WWTP. During periods when the WWTP flow is less 
than the water demand (e.g. summer months of high water demand and high consumption) 
the amount of return flow will likely be the total flow from the Waukesha WWTP. During 
periods when WWTP flow is greater than the water demand (e.g. heavy rain events or 
spring wet periods) the variable speed pumps in the return flow pump station will regulate 
the return flow to not exceed 115 percent of the average daily water demand.  

The return flow will also be temporarily paused during high flow events in Underwood 
Creek to prevent the return flow from negatively impacting flooding. During this time, the 
return flow pump station would pause pumping and the flow from the WWTP would 
discharge by gravity through the existing WWTP outfall to the Fox River.  

A flow gage located along Underwood Creek is anticipated to be used to determine when to 
temporarily pause the return flow. A USGS gage3 is located about 1.5 miles downstream of 
the proposed return flow discharge location and is operated in cooperation with the USGS 
and the Milwaukee Metropolitan Sewerage District (MMSD). The gage has been in operation 
since December 1974 and was replaced on February 23, 2010 in conjunction with the 
Underwood Creek rehabilitation construction.4

As proposed in Section 5 of the Application, and also summarized in response to question 
RF2, the return flow will be temporarily paused when the flow in Underwood Creek exceeds 
1,000 cubic feet per second (cfs). This is equivalent to about a 2-year recurrence interval flood 
(2-year storm event). Using the USGS flow gage along Underwood Creek, the creek flow will 
be monitored to determine if the flow exceeds the 2-year event flow. During times that the 

 The gage provides real-time data 
measurement for Underwood Creek flow rate and water depth. This gage, or a new gage 
operated and maintained by the City of Waukesha, is anticipated to be used to monitor flow 
and water depth in Underwood Creek.  

                                                      
3 USGS Gage #04087088 UNDERWOOD CREEK AT WAUWATOSA, WI. 
4 MMSD. 2008. “Watercourse: Underwood Creek Rehabilitation and Flood Management –Phase 1.” Designed by Short Elliott 
Hendrickson, Inc. (SEH). 
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creek is less than that flow, return flow will continue. When the creek exceeds the 2-year 
flow, the return flow would temporarily pause (pause in flow from the return flow pump 
station) and all flow from the Waukesha WWTP will discharge to the existing Fox River 
outfall. A flow chart summarizing the return flow and pump station automated operations is 
shown in Exhibit 3. 

EXHIBIT 3 
Flow Chart of the Return Flow Operation 
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A 2-year flow in Underwood Creek was chosen as the threshold for return flow because it is 
a relatively infrequent flow in Underwood Creek and this flow does not threaten flooding. 
As documented in Section 5 of the Application, a 20 cfs (12.9mgd) return flow is only 1.5 to 
2.0 percent of the 2‐year flow in Underwood Creek and 0.29 to 0.76 percent of the 100 year 
flow. For the Menomonee River, a 20 cfs return flow is only 0.30 to 0.59 percent of the 2‐year 
flow and 0.11 to 0.21 percent of the 100 year flow. By managing the return flow to the 2-year 
creek flow, this results in temporarily pausing the return flow infrequently (on average once 
every 2 years) and it will also provide a level of protection so that the return flow will not 
cause flood damage along Underwood Creek or the Menomonee River. 

Comment RF5 
For each proposed water supply alternative, provide an analysis showing a return flow option 
that complies with the above standard. The current application only includes an analysis for 
the Milwaukee water supply alternative. In addition, the current application only provides 
information showing that returning the water to Underwood Creek is the least cost alternative 
but does not demonstrate that it is not economically feasible, not environmentally sound, or 
not in the interest of public health to return the water to Lake Michigan as close as practicable 
to the withdrawal site. To analyze the economic feasibility of the various return flow options, 
you should evaluate the financial effects of these options on both water supply and 
wastewater ratepayers. The utility should prepare rate studies for the various return flow 
options using procedures that are consistent with current state and local rate setting practices. 
These studies should evaluate the water and wastewater rate impacts to the average 
residential customer, and other representative customers, under several of the proposed 
financing and operational scenarios for the project (E.g., under a project financed and 
operated wholly by the water utility; under a project financed in part through grants or other 
non-water utility sources; under a scenario where portions of the operation are turned over to 
the wastewater utility for operation after construction, etc.). You will likely need to retain a 
rate consultant to assist in this evaluation. Please contact Kristy Rogers to discuss your 
proposed plan prior to conducting the requested analysis for economic feasibility. 

Response 
When clarifying this question with WDNR, an analysis of a direct to Lake Michigan return flow 
alignment was requested by WDNR for an Oak Creek and Racine water supply. The direct to 
Lake Michigan alignment shown in the application followed a corridor that included previously 
disturbed lands such as streets and alleys, bike paths, active and abandoned railroad corridors, 
utility corridors, and city and county lands. The alignment connected with Lake Michigan on 
the south side of the City of Milwaukee because this was also a corridor that appeared to be 
most reasonable for a pipeline.5

                                                      
5 The alignment is that developed by SEWRPC in the Regional Water Supply Plan, except the last segment of pipe is a few 
city blocks to the north. The city street used for the last segment is larger and the shoreline at Lake Michigan has been 
previously disturbed and is undeveloped compared to the SEWRPC alignment. This alignment appears to have slightly less 
constructability challenges and is shorter in distance than the alignment developed by SEWRPC. 

 This alignment is also proposed as an alternative alignment for 
direct to Lake Michigan return flow if an Oak Creek water supply were obtained because of its 
proximity to Oak Creek, it is consistent with the direct to Lake Michigan alignment 
conceptualized by SEWRPC, and because it follows previously disturbed land, it will have low 
environmental impacts compared to following an alternative alignment to the lake. It is the 
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closest location to the Oak Creek Water Treatment Plant without adding significant distance to 
the return flow pipeline. 

For a Racine water supply, a new alignment alternative was developed for a direct to Lake 
Michigan return flow for a discharge location close to the City of Racine. Exhibit 1 shows an 
alignment that follows the proposed Racine water supply alignment for the majority of the 
way to allow the alignments to share a corridor for most of the distance. Sharing a corridor 
between the water supply and return flow alignments will minimize cost, construction, and 
environmental impacts for this alternative. The corridor follows previously disturbed lands 
that include agriculture, utility corridors, roads and recreational paths. The eastern 4 miles 
of the shared corridor is where the water supply and return flow alignments diverge, where 
the proposed water supply continues south to connect with the Racine distribution system 
and the return flow alignment continues east towards Lake Michigan. The return flow 
alignment for these 4 miles was chosen because it allowed the discharge location to be near 
the City of Racine (within about 6.5 miles of the water treatment plant) and the alignment 
was able to follow an existing utility corridor and previously disturbed open space at the 
Lake Michigan shoreline.  

EXHIBIT 1 
Return Flow Alignment for Racine Water Supply 

 

The environmental impacts associated with the direct to Lake Michigan-Racine return flow 
alignment will be similar to those reported for the Racine water supply alignment due to 
shared corridors for most of the alignment (the environmental impacts for the water supply 
corridor was summarized in the Environmental Report in Appendix N of the Application). 
A cost estimate for the return flow alignment was completed following the same techniques 
as other supply and return flow alignments, as documented in Appendix M of the 
Application. The cost estimate includes cost savings for the shared corridor between a 
Racine water supply and return flow, and includes about 37 miles of 36-inch diameter pipe. 
The cost estimate is summarized in Exhibit 2 along with the cost estimates for the other 
return flow alternatives included in the Application. Summary tables of the Lake Michigan-
Racine cost estimate are included in Attachment WS Cost. All other cost estimate details 
were included in Appendix M of the Application. 
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EXHIBIT 2 
Screening Level Cost Estimate for Return Flow Alternatives  

R eturn F low Alternative C apital C os ta 
Annual Operations  
and Maintenance 

20-Y ear 
P res ent Worth 

50-Y ear 
P res ent Worth 

Underwood Creek $56,174,000 $119,000 $57,539,000 $58,050,000 

Root River $75,963,000 $145,000 $77,627,000 $78,249,000 

Direct to Lake Michigan $109,848,000 $159,000 $111,672,000 $112,355,000 

Direct to Lake Michigan-Racine $168,635,000 $381,000 $173,008,000 $174,645,000 
a Includes direct construction cost, contractor administrative costs (insurance, bonds, supervision etc), 25% 
contingency, and costs for permitting, legal, engineering, administrative. 

A rate impact analysis was completed for each Lake Michigan water supply and return flow 
combination. The methods and procedures used for the rate analysis are the same as those 
used for the Application and are consistent with the procedures used for rate setting with 
the Public Service Commission (PSC). The rate impact scenarios and the resulting residential 
water rate estimates are summarized in Exhibits 3-5. Water rate estimates that include 
different combinations of state and federal financial assistance are summarized in 
Attachment WS Cost. 

EXHIBIT 3 
Rate Impacts for City of Milwaukee Lake Michigan Water Supply and Return Flow Combinations 

Lake 
Michigan 
Supplier 

 Projected Annual Average Residential Water Rates 

Return Flow Location 
Attributable to 
Return Flow 

Attributable to 
Water Supply Totala 

Milwaukee Underwood Creek $102.39  $621.68 

Milwaukee Root River $138.57 $519.29 $657.86 

Milwaukee Direct to Lake Michigan $199.42  $718.71 
a Current annual residential water rate = $266.41. 

EXHIBIT 4 
Rate Impacts for City of Oak Creek Lake Michigan Water Supply and Return Flow Combinations 

Lake 
Michigan 
Supplier 

 Projected Annual Average Residential Water Rates 

Return Flow Location 
Attributable to 
Return Flow 

Attributable to 
Water Supply Totala 

Oak Creek Underwood Creek $102.39  $854.30 

Oak Creek Root River $138.57 $751.91 $890.48 

Oak Creek Direct to Lake Michigan $199.42  $951.33 
aCurrent annual residential water rate = $266.41. 
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EXHIBIT 5 
Rate Impacts for City of Racine Lake Michigan Water Supply and Return Flow Combinations 

Lake 
Michigan 
Supplier 

 Projected Annual Average Residential Water Rates 

Return Flow Location 
Attributable to 
Return Flow 

Attributable to 
Water Supply Totala 

Racine Underwood Creek $102.39  $950.75 

Racine Root River $138.57 $848.36 $986.93 

Racine Direct to Lake 
Michigan-Racine 

$304.45  $1,152.81 

aCurrent annual residential water rate = $266.41. 

Comparing the current average annual residential water rate of $266.41 to the alternatives in 
Exhibits 3-5, all of the alternatives are more than double the current rates. A return flow to 
Underwood Creek is the least expensive alternative for each water supply because the 
pipeline has the shortest distance and least construction related impacts. A return flow to 
Root River is more expensive than Underwood Creek because the pipeline is longer and has 
greater construction impacts. Both Lake Michigan return flow alternatives are significantly 
more expensive than Root River or Underwood Creek alternatives because the Lake 
Michigan alternatives have the longest pipelines and greatest construction related impacts. 
A return flow to Underwood Creek is preferred for all Lake Michigan water supply 
alternatives for several reasons summarized in the Application and below. This complies 
with the referenced Sec. 281.346(4)(f)3m, Stats., as summarized below: 

• An Underwood Creek return flow provides a return flow alignment that has the least 
construction related environmental impacts and the fewest new permanent impacts. This 
is because the alignment entirely follows previously disturbed areas including streets and 
alleys, bike paths, active and abandoned railroad corridors, utility corridors, and city and 
county lands. The other return flow alternatives also maximize use of previously 
disturbed corridors but because the alignments are significantly longer in distance, the 
environmental impacts associated with those longer alignments are greater. (These 
impacts are quantified in the Environmental Report in Appendix N of the Application, 
and further expanded upon in response to questions RF17-21.) Return flow to a tributary 
also allows the return flow to provide an environmental resource to the water dependent 
natural resources, compared to the return flow providing no resource benefit if conveyed 
in a pipe the entire distance to Lake Michigan. Temporary and permanent impacts can be 
minimized during construction and operation, but the longer pipeline alignments will 
always have greater environmental impacts. When faced with an alternative that has the 
least environmental impacts of all practicable alternatives, and provides an environmental 
resource benefit to the Lake Michigan water dependent natural resources, it would not be 
environmentally sound to choose an alternative with greater environmental impacts and 
no environmental benefit. In fact, a return flow to Root River is also preferred over a 
return flow direct to Lake Michigan because the environmental and construction impacts 
associated with Root River are also less than a direct to Lake Michigan alternative. We 
believe return flow direct to Lake Michigan is not environmentally sound because there 
are two alternatives (Underwood Creek and Root River) that have less adverse 
environmental impacts and provide benefit to the receiving waters.  
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• A return flow directly to Lake Michigan near Milwaukee and Oak Creek is nearly double 
the cost ($53.7 million more) of return flow to Underwood Creek. A return flow directly to 
Lake Michigan near Racine is more than three times the cost ($112.5 million more) than a 
return flow to Underwood Creek. For a Milwaukee water supply, return flow directly to 
Lake Michigan translates into user rates about 16 percent more expensive than for an 
Underwood Creek return. For an Oak Creek water supply, return flow directly to Lake 
Michigan translates into user rates about 11 percent more expensive than for an Underwood 
Creek return. For a Racine water supply, return flow directly to Lake Michigan translates 
into user rates about 21 percent more expensive than for an Underwood Creek return. These 
costs are in addition to the 133 percent increase in the existing water rates as compared to 
the least cost Milwaukee supply with Underwood Creek return alternative. Given these 
significantly more expensive alternatives that have greater environmental and construction 
related adverse impacts, a return flow direct to Lake Michigan is not fiscally responsible. 
Adding additional cost for a return flow directly to Lake Michigan is not economically 
feasible when a viable alternative exists that is significantly less costly. 

• There are multiple ways to interpret the plain language of section 3m of this statute: one 
is with the focus on the physical means of transport to the place of return flow 
"discharge" to Lake Michigan, that being a pipeline to the point of discharge. Another 
interpretation is with a focus being on two alternatives for the point of return flow 
discharge: a.) being as close as practicable to the place water is withdrawn; and b.) 
having the alternative of flexibility to demonstrate that returning the water at "that 
place" is not economically feasible, not environmentally sound or not in the interest of 
public health. We believe that this section focuses on the point of return within the 
source watershed and not the means or method of return. The applicant either has the 
primary requirement of discharge as close as practicable to the place where the water is 
withdrawn or in the alternative, of proving that this place is not economically feasible, 
not environmentally sound or not in the interest of public health. 

Given that all of the criteria for the exception standard must apply to meet the exception 
standard, section 4m is important as it contemplates the alternative that water may "be 
returned to the source watershed through a stream tributary to one of the Great Lakes." 
Therefore it is not mandatory that the water be returned via a direct pipeline to Lake 
Michigan. 

The Compact and Wisconsin implementation statute define the source watershed for a 
Lake Michigan withdrawal as the Lake Michigan watershed. The proposed return flow to 
Underwood Creek (as summarized in Section 5 of the Application) would convey the 
return flow to Underwood Creek, where it would flow to the Menomonee River and to 
Lake Michigan in the City of Milwaukee. The return flow management plan calls for 
continuous return flow (except during flood events) so the flow in the Lake Michigan 
tributaries would also be a continuous return to the Lake Michigan source watershed. The 
return flow location is in the source watershed as defined, and the place at which the water 
is returned is essentially at the “place” of the Milwaukee withdrawal, and is within a few 
miles of both Oak Creek and Racine (which are also both in the “source watershed”). 
Whether the return flow is conveyed in a pipe, or in a tributary that flows to essentially 
that same location at the Lake, the water is returned to the source watershed. Because of 
the financial and environmental impacts of the return flow alternatives, a return flow to 
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Underwood Creek is as close as practicable to the withdrawal for each water supply 
alternative. Consequently, this requirement has been satisfied with an Underwood 
Creek return for a water supply from Milwaukee, Oak Creek or Racine.  

It is also important to review the return flow alternatives in light of Sec. 281.346(1)(ps), Stats., 
that defines a “reasonable water supply alternative” as an “. . . alternative that is similar in 
cost to, and as environmentally sustainable and protective of public health as, the proposed 
new or increased diversion and that does not have greater adverse environmental impacts 
than the proposed new or increased diversion.” Applying this definition to the return flow 
alternatives is also appropriate because by obtaining a Lake Michigan water supply, return 
flow must also be provided. In other words, the return flow alternative must also comply with 
this definition since it is inherently required for a Lake Michigan water supply. Therefore the 
return flow alternatives must also be considered for their impact on being “similar in cost” 
and “not hav[ing] greater adverse environmental impacts.” It is also important to note that 
this definition says that the reasonable water supply alternative can have no greater adverse 
environmental impacts. As discussed above, a return flow to Root River and direct to Lake 
Michigan is not “similar in cost to” and has “greater adverse environmental impacts” than a 
return flow to Underwood Creek. This is further confirmed when combining the Milwaukee 
water supply and Underwood Creek return flow into a “water supply” alternative, as there is 
no other alternative that is “similar in cost to” or has less adverse environmental impacts. 

Although no definition of “economically feasible” is provided in the standard cited in the 
WDNR’s December 2, 2010 letter, it is important to recognize that the Department may not 
approve a water supply plan unless it is based on “a cost-effectiveness analysis” of the 
alternatives (281.348(3)(d)1, Stats.). As defined in Sec. 281.348(1), Stats., “’Cost-effectiveness 
analysis’ means a systematic comparison of alternative means of providing a water supply 
in order to indentify alternatives that will minimize total resources costs and maximize 
environmental benefits over a planning period.” An alternatives analysis was completed to 
evaluate different water supply and return flow combinations to determine which 
combinations provide the greatest benefit to the Lake Michigan basin and have the least 
adverse environmental impacts, while accounting for project costs and their impacts on 
water rates. A return flow to Underwood Creek provides the best outcome for all evaluation 
criteria: it has the least environmental impacts, it has the least construction impacts, it 
provides an environmental resource to the water dependent natural resources of Lake 
Michigan and its tributaries, it is protective of public health, and it is also the least cost and 
most cost-effective alternative. Requiring a return flow alternative that has more adverse 
environmental impacts and fewer environmental benefits would not be consistent with the 
intent of the Compact to protect Lake Michigan water and water dependent natural 
resources. Requiring a return flow alternative that is also more costly, without equivalent 
environmental benefits, is inconsistent with the requirement for a cost-effectiveness analysis 
and therefore is not economically feasible.  

Comment RF6 
Please be aware that there are new water quality standards that may impact the wastewater 
discharge permit limits. The new standards include thermal and phosphorus requirements. 
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Response 
We appreciate the notice of these new standards. The City has been anticipating these future 
requirements as part of their ongoing wastewater facility planning and will comply with all 
requirements of their current and future permits for the current discharge to the Fox River 
or return flow to Underwood Creek. The City of Waukesha will continue to meet all 
Wisconsin Pollutant Discharge Elimination System (WPDES) permit requirements. 

Comment RF7 
Provide conceptual plans for the outfall structure. Please be aware that aeration will be 
required at the outfall to ensure adequate dissolved oxygen. The costs associated with 
aeration should be included in the project costs. 

Response 
The City of Waukesha’s wastewater treatment plant (WWTP) currently provides aeration to 
meet dissolved oxygen (dissolved oxygen) permit limits with a diffused air system 
immediately downstream of the ultraviolet light disinfection system (see also response to 
questions RF3 and RF4). As part of the City’s ongoing WWTP facility planning, the existing 
aeration system will likely be upgraded. As shown in the exhibits in response to question 
RF3, the return flow will be pumped from downstream of the aeration system. This is 
anticipated to allow the aeration system at the WWTP site to provide sufficient dissolved 
oxygen to maintain permit compliance for the return flow discharge to Underwood Creek.  

An analysis was completed using daily WWTP performance data between 2002 and 2009 to 
determine if a diffused air system at the WWTP could meet a minimum dissolved oxygen 
limit of 7 mg/L 6 at the proposed return flow outfall location at Underwood Creek. (This is 
the same dataset used for the return flow water quality modeling in Underwood Creek and 
that was included in Appendix H of the Application.) A force main algorithm was used to 
evaluate different scenarios of dissolved oxygen depletion through the proposed 11.5 mile, 
36-inch diameter return flow force main.7

The following values were used in the algorithm from the 2002-2009 data set: 

 The algorithm models dissolved oxygen depletion 
as a first-order reaction between dissolved oxygen and the 5-day biochemical oxygen 
demand (BOD5). The algorithm requires the force main length and initial values for flow, 
temperature, BOD5 concentration, and dissolved oxygen concentration.  

• Minimum Flow. Using the minimum flow of 6.34 million gallons per day (mgd) will 
provide the lowest flow velocity and longest travel time in the return flow force main for 
BOD5 to react with and deplete the dissolved oxygen prior to discharge.  

• Maximum Temperature. Using the maximum temperature of 24.2ºC will provide for the 
highest microbial activity and consequently high dissolved oxygen depletion. 

                                                      
6 October 16, 2008 letter from WDNR to the City of Waukesha with proposed effluent limits for a return flow discharge to a 
Lake Michigan tributary. See also Exhibit 5-7 in the Application. 
7 Wastewater Engineering: Treatment, Disposal and Reuse, 3rd Edition, Metcalf and Eddy, Inc., George Tchobanoglous and 
Franklin Burton, 1991. Page 74. 
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• 95th Percentile BOD5. The 95th percentile effluent BOD5 was reported as <2 mg/L and 
was assumed to be 2 mg/L for modeling purposes. Using a high BOD5 value allows for 
greater dissolved oxygen depletion.  

Using the minimum flow and maximum temperature provides a boundary condition, and 
coupled with a BOD5 greater than the 95th percentile, these values represent an unlikely 
condition that will result in a high depletion of dissolved oxygen in the return flow force 
main. Consequently, the model results provide a conservative estimate of the dissolved 
oxygen needed at the WWTP to meet effluent limits at the Underwood Creek outfall.  

Model runs indicated an initial dissolved oxygen concentration of 7.41 mg/L at the WWTP 
would provide a dissolved oxygen concentration of 7 mg/L at an Underwood Creek outfall. 
This means that under these conservative assumptions, only 0.41 mg/L dissolved oxygen 
would be depleted between the WWTP and discharge to Underwood Creek. A review of 
historical data shows that a 
dissolved oxygen concentration of 
7.41 is achievable with the existing 
aeration system for the above 
modeled scenario and it is 
achievable in nearly all conditions. 
However, with a new aeration 
system planned as part of the 
WWTP facility planning, providing 
7.41 mg/L is within the design 
guidelines for a new aeration 
system and supplemental aeration 
system at the Underwood Creek 
outfall is consequently not 
anticipated at this time. 

The outfall to Underwood Creek 
will be designed to blend in with 
the topography along Underwood 
Creek so that the outfall structure 
will not raise the flood elevations. 
Two example outfall designs are 
shown in Exhibits 1 and 2. Exhibit 1 
is a pipe outfall along Underwood 
Creek downstream of the proposed 
return flow outfall location, and is 
of similar size as that anticipated for 
return flow. Exhibit 2 is an outfall 
for the Madison Metropolitan 
Sewerage District (Madison MSD) 
to Badger Mill Creek, where the 
outfall structure has been designed 
to blend in with the surrounding 
landscape.  

EXHIBIT 1 
Pipe outfall with flared end section along Underwood Creek in Wauwatosa 

 

EXHIBIT 2 
Rock outfall from the Madison Metropolitan Sewerage District wastewater 
treatment plant discharge to Badger Mill Creek. 

 



RESPONSES REGARDING RETURN FLOW 

14 

If during detailed design and permitting 
supplemental aeration is determined to 
be needed to meet dissolved oxygen 
limits for an Underwood Creek outfall, 
additional dissolved oxygen may be 
provided by an outfall similar to 
Madison MSD’s (Exhibit 2) or by a 
cascade aerator as shown in Exhibit 3. 
The cost of a potential future aeration 
structure is included within the 
contingency of the return flow cost 
estimate. The same as all cost estimates, 
the return flow estimate includes a 25 
percent contingency for potential future 
additional or unforeseen costs. For the 
Underwood Creek return flow this 
equates to $8.8 million (Appendix M of 
the Application). However, as discussed 
above, providing additional dissolved 
oxygen into the return flow discharge beyond that provided at the City of Waukesha 
WWTP is not anticipated at this time.  

Comment RF8 
Provide the hydrologic and hydraulic models demonstrating that the return flow and outfall 
structure will not increase the regional flood elevations by 0.01 feet or more. Please explain 
whether the model included the surcharge discharge onto the flows used in HEC-RAS 
model or if they modified a HSPF continuous simulation model. Which hydrology and 
hydraulics models were used as the “base model”? 

Response 
As discussed in Section 5 of the Application, the return flow management plan has proposed 
to temporarily pause return flow when flow in Underwood Creek is above a 2-year recurrence 
interval flow (approximately 1,000 cfs). The 2-year flood flow is much less than the 100-year 
flood flow and by temporarily pausing the return flow during flood events greater than a 2-
year recurrence interval, the return flow will not cause flood damage downstream of the 
return flow discharge. When return flow is paused, flow from the City of Waukesha 
wastewater treatment plant would be conveyed through the existing outfall to the Fox River, 
and subsequently would not negatively impact existing flood levels in either Underwood 
Creek or the Fox River. An example of the operation of the return flow management plan in 
the historically wet year 2008 is summarized in response to question RF2. As shown in RF2, 
the return flow did not impact the flood flows in Underwood Creek and the City was still able 
to meet their goal of 100 percent return flow in that year. Consequently, there is no increase in 
the flood elevation with return flow in either Underwood Creek or the Fox River. The 
automated operation of the return flow pump station, including decision points of when 
return flow is proposed to be temporarily paused through automatic controls, is summarized 
in response to questions RF3 and RF4. 

EXHIBIT 3 
Outfall and cascade aerator from a wastewater treatment plant 
in Fort Campbell, TN. 
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Potential outfall structure designs were summarized in response to question RF7. The 
outfall structure will be designed to blend-in with the stream banks along Underwood 
Creek and to not negatively impact regional flood elevations. Final design of the outfall can 
include hydraulic modeling if needed, such as using HEC-RAS to ensure that the design 
causes no rise in the regulatory flood elevation. Detailed design and hydraulic modeling of 
the outfall structure will be complete prior to Chapter 30 permitting. 

Comment RF9 
Provide documentation of a willing riparian property owner at the proposed location(s) of the 
outfall(s). The documentation should be in the form of a signed letter or similar document 
stating that the riparian is willing to be a co-applicant with the City of Waukesha for the 
proposed outfall structure. 

Response 
The City of Brookfield has provided a signed letter indicating their willingness to be a co-
applicant with the City of Waukesha for an Underwood Creek return flow outfall structure 
that is anticipated to be permitted through the Chapter 30 process. The signed letter is 
included in Attachment RF9. 

Comment RF10 
Identify the potential vectors or opportunities for introducing or spreading invasive species 
and viruses (e.g., Viral Hemorrhagic Septicemia (VHS)). What best management practices will 
be employed to either prevent the introduction or the spread of any identified species or 
viruses? Please include all aspects of the project including construction and ongoing operation. 

Response 
The City of Waukesha will use practices to reduce the potential of introducing or spreading 
invasive species and viruses (e.g. VHS) through the use of construction best management 
practices and ongoing operation practices.  

During the construction phase of the water supply and return flow pipelines, best 
management practices will be used to reduce the potential introduction or spread of 
invasive species. The recently developed NR 40 Invasive Species Identification, Classification 
and Control, will be consulted and followed where applicable to implement best practices to 
control the spread of invasive species. Example practices that will be considered include 
washing equipment and timber mats before entering wetlands/waterbodies, removing 
aquatic vegetation from equipment leaving waterways, steam cleaning and disinfecting 
equipment used in waterways where invasive species may exist, utilizing non-invasive 
construction techniques, and others. Post construction restoration methods will only use 
native species and it will consider methods to encourage existing native species to thrive to 
reduce the potential of the invasive species establishing a foothold. Using these approaches 
will reduce the potential for spreading invasive species during construction.  

During the operation phase of the water supply and return flow pipelines, a Lake Michigan 
water supply source would have multiple barriers that would prevent the spread of 
invasive species through water delivered to the City of Waukesha. Drinking water 
treatment at any of the three potential Lake Michigan suppliers includes filters and 
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disinfection procedures to remove and inactivate viruses. This level of treatment will not 
allow transfer of invasive species through the water distribution system. Once the water is 
distributed in pipelines, an on-going disinfectant residual will be maintained, as required, to 
prevent microbial growth within the pipelines.  

Once the drinking water is used and is collected in the sanitary sewer collection system, the 
City of Waukesha WWTP provides treatment before being discharged to the Fox River or as 
return flow. The WWTP is an advanced facility with settling and biological treatment 
systems, dual media sand filters, and ultraviolet light disinfection designed to meet WDNR 
water quality requirements. The treated wastewater is contained within the WWTP before 
being discharged as return flow. Consequently, there are no opportunities for invasive 
species or VHS from the Mississippi Basin to be introduced to the Lake Michigan basin from 
the return flow discharge. 

Comment RF11 
On page 9 of Appendix H to the application, the information references modeling that 
shows a decrease in Chlorophyll A, even though phosphorus levels increase. Do the 
adjusted model's Chlorophyll A levels pertain only to planktonic algae, or does it account 
for periphyton communities as well? If they do not apply to the periphyton community, 
please provide a prediction of the increase or decrease in the periphyton community 
biomass of Underwood Creek and the Menomonee River due to increased nutrient loadings. 

Response 
As summarized in Appendix H of the Application, the same water quality model used by 
the Southeastern Wisconsin Planning Commission (SEWRPC) for the Regional Water 
Quality Management Plan Update for the Greater Milwaukee Watersheds (RWQMPU)8

Comment RF12 

 was 
used to evaluate the water quality impacts from return flow. With respect to chlorophyll a, 
the HSPF model used in the RWQMPU simulates phytoplankton and periphyton separately, 
but it reports chlorophyll a as the total for the two together for each segment (i.e. the model 
does not output changes in phytoplankton and periphyton, instead it reports chlorophyll a).  

On page 7 of Appendix G to the application, the indicator fish species is identified as 
Northern pike. Why was the Northern pike chosen as the indicator species for Underwood 
Creek? Also, what is the source for stating the average maximum swimming speed for 
Northern pike? 

Response 
Northern pike were chosen as a surrogate species for how other warm water fish would 
respond to return flow in Underwood Creek in order to be consistent with the rehabilitation 
goals of the recent Underwood Creek Rehabilitation and Flood Management Project.9

                                                      
8 SEWRPC. 2007. Planning Report Number 50, A Regional Water Quality Management Plan Update for the Greater 
Milwaukee Watersheds. Milwaukee, WI. 

 As 
part of the basis of design for that project, rehabilitation goals were developed through 

9 Milwaukee Metropolitan Sewerage District. 2006. Underwood Creek Rehabilitation and Flood Management Project - 
Preliminary Engineering Design Project. August 2006. Contract No. P12424011T.01. Tetra Tech. Pages 2-8 and 2-10.  
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discussions with project stakeholders including the Milwaukee Metropolitan Sewerage 
District, Milwaukee County, the City of Wauwatosa, and the Wisconsin Department of 
Natural Resources. Six priorities were identified during stakeholder meetings, including 
fisheries and stream biota. An excerpt from the design report for the Underwood Creek 
rehabilitation identifies northern pike as the surrogate species: 

For rehabilitation purposes, northern pike (Esox lucius) are considered a surrogate 
species for other warm water fish in the Underwood Creek system. Their life history and 
habitat requirements (passage, spawning, rearing, juvenile and adult habitat) are 
considered those that should be achieved where possible in order to provide conditions 
for all warm water fish species that might be expected to inhabit Underwood Creek. 
Furthermore, these conditions will meet the habitat requirements of forage fish and of 
warm water fish that might periodically move in from the Menomonee River. 

The average maximum velocity range of 1.5 to 1.7 feet per second reported in Appendix G 
of the Application was obtained by the Underwood Creek rehabilitation design team from 
the following references: 

• U.S. Department of Agriculture – Forest Service. Fish-Xing. Stream Systems Technology 
Center. Software program. Version 3; 2006.  

• Bell, M.C. 1990. Fisheries Handbook of Engineering Requirements and Biological Criteria, 3rd 
edition. Fish Passage Development and Evaluation Program, Corps of Engineers, North 
Pacific Division, Portland, OR. 

• Behlke, C.E., D.L. Kane, R.F. McLean and M.D. Travis. 1991. Fundamentals of Culvert 
Design for Passage of Weak-swimming Fish. Alaska Department of Transportation. FHWA-
AK-RD-90-10. 159 p. 

Comment RF13 
What are the expected impacts of the discharge on the different individual fish species in 
Underwood Creek? What are the expected impacts of the changes in discharge on the 
different individual fish species in the Fox River? 

Response 
See the attached memorandums in Attachment RF13 entitled “Addendum to Underwood 
Creek Fisheries Analysis” and “Fox River Fisheries Analysis” for the response to this 
question.  

Comment RF14 
The proposed discharge to Underwood Creek is a substantial increase over the current 
base flow conditions. In addition, the change in discharge volumes to the Fox River could 
also have a substantial impact. What are the changes in flashiness to both Underwood 
Creek and the Fox River from the proposed discharge plan? That is, what are the relative 
rates of change in discharge—daily and seasonally, during summer and spring critical times. 
How will this flashiness impact habitat development, invertebrates, and fish? (See David B. 
Baker, R, Peter Richards, Timothy T. Loftus, and Jack W. Kramer, A New Flashiness Index: 
Characteristics and Applications to Midwestern Rivers and Streams, Journal of the 
American Water Resources Association, April 2004 for more information.) 
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Response 
Baker et al. defined flashiness as “the frequency and rapidity of short term changes in 
stream flow.” A general frame of reference for the flashiness index is that a larger index 
number represents a flashier river that has relatively high storm runoff peak flows and low 
base flows. For example, a river with a flashiness index of 0.49 is more “flashy” than if that 
same river had an index of 0.39. The index can be calculated for any river, but the Fox River 
flashiness cannot be directly compared to the Underwood Creek flashiness because of 
differences in watershed sizes, land use, available floodplain, and other hydrologic and 
hydraulic variables that influence the frequency and rapidity of stream flow change. The 
index was calculated for the river and creek to compare how each could be affected by 
return flow for a Lake Michigan water supply. The flashiness index was calculated for the 
Fox River (at the WWTP) and Underwood Creek for years 2005 and 2008, consistent with 
the time periods evaluated for response to question RF2. The year 2005 was selected because 
it is a relatively dry year in recent past, and 2008 was a relatively wet year in recent past.  

As summarized in the Application Section 5 and demonstrated in the analysis in response to 
question RF2, the return flow to Underwood Creek would occur during all times except when 
Underwood Creek was experiencing high flood flow events (e.g. when Underwood Creek 
flow exceeds 1,000 cfs). Following this operational plan, base flow in Underwood Creek 
would increase but the high-flow event flow rates would not change because return flow 
would be temporarily paused during those times. In the context of a hydrograph for 
Underwood Creek, the low creek flows would be increased but the high creek flows would 
not change as a result of the return flow. This was shown in the graphical and tabular exhibits 
in response to question RF2. 

Following the methods presented by Baker et al. to calculate the flashiness index, the index 
for Underwood Creek and the Fox River are shown in Exhibits 1 and 2 comparing the effect 
that return flow has on each watercourse.  

EXHIBIT 1 
Summary of Changes in the Flashiness Index for Underwood Creek Before and After Return Flow 

Year/Date Historic/Actual (without return flow) With Return Flow 

2005 

January–March 0.65 0.33 

April–June 0.59 0.26 

July–September 1.00 0.39 

October–December 0.57 0.18 

Year 2005 0.69 0.29 

2008 

January–March 0.44 0.28 

April–June 0.70 0.57 

July–September 0.65 0.27 

October–December 0.55 0.24 

Year 2008 0.62 0.41 
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EXHIBIT 2 
Changes in the Flashiness Index for the Fox River (at the WWTP) before and after a Lake Michigan Water Supply 

Year/Date 
Historic/Actual  

(without return flow to Underwood Creek) 
With Return Flow to  
Underwood Creek 

2005 

January-March 0.16 0.18 

April-June 0.10 0.11 

July-September 0.19 0.25 

October-December 0.17 0.21 

Year 2005 0.15 0.17 

2008 

January-March 0.120a 0.126a 

April-June 0.182a 0.187a 

July-September 0.100a 0.111a 

October-December 0.188a 0.213a 

Year 2008 0.157a 0.166a 
aThree decimal places are reported to show the difference in index values. 

As expected, the flashiness index is lower for Underwood Creek when a Lake Michigan 
supply with return flow is compared to the creek flow without return flow. This is because 
the return flow adds base flow but does not contribute to peak storm runoff events, and 
because the return flow will be relatively uniform (see response to question RF2).  

The flashiness index slightly increases for the Fox River because WWTP flow that 
historically discharged to the Fox River is instead discharged to Underwood Creek through 
return flow.  

The flashiness index is based on mean daily flows and is usually applied over a one year time 
period, however the index was calculated for 3-month intervals for 2005 and 2008 to show the 
changes in the index between different times of the year as requested in this question. The 
response to question RF2 includes additional summary graphics and tables to show the daily 
changes in flow rates that would occur with the proposed return flow management plan. 

The reduction in flashiness index for Underwood Creek is anticipated to have a beneficial 
impact on the aquatic resources in the creek due to the improvement in base flow, which has 
anticipated benefits to the aquatic resources as summarized in Appendix L of the Application 
and additionally in response to question RF13. The change in the flashiness index for the Fox 
River will likely have a negligible effect on aquatic resources because the change is very small 
and the proposed return flow management plan will not negatively affect the rate at which 
peak flow in the river occurs compared to existing conditions. The response to question RF13 
contains more detailed information on the impacts of the return flow management plan on the 
aquatic resources of the Fox River. 
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Upon further discussions with the WDNR, it was also requested to demonstrate how the 
diurnal flow changes at the WWTP would impact return flow in Underwood Creek. It is 
common for WWTPs to experience flow fluctuations throughout the day as influent flows 
change depending upon the size and layout of the sewer system, and the timing of 
commercial, industrial, and residential customers’ water use. For example, it is common for 
WWTP flows during daylight hours to be greater than flows during nighttime hours when 
water use is lower.  

To demonstrate how diurnal fluctuation in wastewater flow would affect return flow, 
hourly flow data from the WWTP was analyzed for year 2005. Year 2005 was chosen 
because it was a relatively dry year in recent past when water demand would be expected to 
have a greater difference to wastewater flow rates compared to a wet year like 2008. Using 
the dry year 2005 is also consistent with the analysis completed for the response to question 
RF2, and this year also demonstrates how the return flow management plan would provide 
a water balance for the withdrawn water volume during a period when water demand and 
wastewater flows would have greater fluctuations than compared to a wet year.  

Exhibits 3 and 4 show the graphical and tabular hourly flow data in Underwood Creek for a 
5-day period in June 2005. Also shown is the simulated creek flow with return flow using 
actual hourly wastewater flows from the WWTP and following the return flow management 
plan. This 5-day period was chosen because it included moderate peak flows in the creek 
and includes periods with low creek flows in-between the peaks. The diurnal flow is more 
readily apparent during these moderate and low flow periods because the return flow is a 
greater percentage of the creek flow. Higher creek flow rates were observed during year 
2005 but return flow is a small fraction of the creek flows during these times causing the 
diurnal flow variation to be much less apparent. For example, during the moderately high 
flows on June 26, 2005 01:00, the return flow was about 2.7 percent of the creek flow with 
return flow. This difference is barely noticeable in Exhibit 3 and therefore including peak 
creek flow rates greater than this were not conducive for graphical display because they 
would not be visible. However, the entire year of data was used for the statistical analyses 
summarized below.  

During 2005, the diurnal change of the simulated return flow in Underwood Creek ranged 
from a minimum of 0.0 cfs (i.e. return flow was constant for the entire day) to a maximum of 
10.5 cfs (6.8 mgd). The average diurnal change of return flow was 6.3 cfs (4.1 mgd). 
Underwood Creek flow (without return flow) had a maximum daily change of 977 cfs (632 
mgd) and an average change of 26.9 cfs (17.4 mgd). The maximum daily flow change from 
return flow was only one percent of the maximum change in Underwood Creek flow, and 
therefore the return flow diurnal change is insignificant to the current changes experienced 
in Underwood Creek. 
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EXHIBIT 3 
June 2005 Hourly Flow in Underwood Creek with Simulated Return Flow 
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EXHIBIT 4 
                    Tabular Data of June 2005 Hourly Flow in Underwood Creek with Simulated Return Flow 

             

 

Underwood 
Creek Flow 

Simulated 
Return Flow 

Underwood Creek 
Flow with Return 

 

Underwood 
Creek Flow 

Simulated 
Return Flow 

Underwood Creek 
Flow with Return 

 

Underwood 
Creek Flow 

Simulated 
Return Flow 

Underwood Creek 
Flow with Return 

Date (mgd) (cfs) (mgd) (cfs) (mgd) (cfs) Date (mgd) (cfs) (mgd) (cfs) (mgd) (cfs) Date (mgd) (cfs) (mgd) (cfs) (mgd) (cfs) 

6/25/2005 12:00 1.7 2.6 9.0 13.9 10.7 16.6 6/27/2005 4:00 7.1 11.0 6.5 10.1 13.6 21.1 6/28/2005 20:00 23.9 37.0 9.0 13.9 32.9 50.9 
6/25/2005 13:00 1.7 2.6 9.0 13.9 10.7 16.6 6/27/2005 5:00 5.8 9.0 7.4 11.5 13.3 20.5 6/28/2005 21:00 12.3 19.0 7.2 11.1 19.5 30.1 
6/25/2005 14:00 1.9 2.9 7.7 12.0 9.6 14.9 6/27/2005 6:00 5.3 8.2 8.1 12.5 13.4 20.7 6/28/2005 22:00 7.1 11.0 9.0 13.9 16.1 24.9 
6/25/2005 15:00 1.7 2.6 9.0 13.9 10.7 16.6 6/27/2005 7:00 4.8 7.4 9.0 13.9 13.8 21.3 6/28/2005 23:00 5.0 7.7 8.7 13.4 13.7 21.2 
6/25/2005 16:00 1.7 2.6 7.9 12.2 9.6 14.9 6/27/2005 8:00 4.5 7.0 9.0 13.9 13.5 20.9 6/29/2005 0:00 4.1 6.3 6.6 10.2 10.7 16.5 
6/25/2005 17:00 1.7 2.6 8.2 12.7 9.9 15.4 6/27/2005 9:00 4.5 7.0 7.3 11.3 11.8 18.3 6/29/2005 1:00 3.4 5.3 5.7 8.7 9.1 14.0 
6/25/2005 18:00 1.7 2.6 7.9 12.2 9.6 14.9 6/27/2005 10:00 5.0 7.7 5.6 8.6 10.6 16.4 6/29/2005 2:00 3.0 4.6 4.1 6.4 7.1 11.0 
6/25/2005 19:00 1.7 2.6 8.4 13.0 10.1 15.7 6/27/2005 11:00 5.0 7.7 7.9 12.3 13.0 20.1 6/29/2005 3:00 2.8 4.3 5.7 8.8 8.5 13.1 
6/25/2005 20:00 1.7 2.6 8.1 12.5 9.9 15.3 6/27/2005 12:00 5.0 7.7 9.0 13.9 14.0 21.7 6/29/2005 4:00 2.8 4.3 6.1 9.4 8.9 13.8 
6/25/2005 21:00 1.7 2.6 6.4 9.9 8.2 12.6 6/27/2005 13:00 4.8 7.4 9.0 13.9 13.8 21.3 6/29/2005 5:00 2.7 4.2 7.5 11.6 10.2 15.7 
6/25/2005 22:00 1.7 2.6 7.2 11.2 9.0 13.9 6/27/2005 14:00 4.5 7.0 9.0 13.9 13.5 20.9 6/29/2005 6:00 2.7 4.2 8.4 13.0 11.1 17.1 
6/25/2005 23:00 16.2 25.1 9.0 13.9 25.1 38.9 6/27/2005 15:00 4.3 6.7 9.0 13.9 13.2 20.5 6/29/2005 7:00 2.5 3.9 9.0 13.9 11.4 17.7 
6/26/2005 0:00 7.8 12.1 9.0 13.9 16.7 25.9 6/27/2005 16:00 4.1 6.3 8.4 12.9 12.4 19.2 6/29/2005 8:00 2.5 3.9 9.0 13.9 11.4 17.7 
6/26/2005 1:00 241.8 374.1 6.7 10.4 248.5 384.4 6/27/2005 17:00 4.3 6.7 9.0 13.9 13.2 20.5 6/29/2005 9:00 2.5 3.9 9.0 13.9 11.4 17.7 
6/26/2005 2:00 113.1 175.0 5.8 9.0 119.0 184.0 6/27/2005 18:00 4.1 6.3 9.0 13.9 13.0 20.2 6/29/2005 10:00 2.3 3.6 8.5 13.1 10.8 16.7 
6/26/2005 3:00 54.9 84.9 5.5 8.4 60.4 93.4 6/27/2005 19:00 3.8 5.9 9.0 13.9 12.8 19.8 6/29/2005 11:00 2.3 3.6 8.1 12.5 10.4 16.1 
6/26/2005 4:00 30.4 47.0 6.3 9.7 36.6 56.7 6/27/2005 20:00 3.8 5.9 9.0 13.9 12.8 19.8 6/29/2005 12:00 2.3 3.6 5.2 8.1 7.6 11.7 
6/26/2005 5:00 19.4 30.0 5.8 9.0 25.2 39.0 6/27/2005 21:00 3.6 5.6 8.7 13.4 12.3 19.0 6/29/2005 13:00 2.3 3.6 8.7 13.4 11.0 17.0 
6/26/2005 6:00 13.6 21.0 4.4 6.7 17.9 27.7 6/27/2005 22:00 3.4 5.3 9.0 13.9 12.4 19.2 6/29/2005 14:00 2.5 3.9 9.0 13.9 11.4 17.7 
6/26/2005 7:00 10.3 15.9 6.8 10.5 17.1 26.5 6/27/2005 23:00 3.4 5.3 8.8 13.6 12.2 18.9 6/29/2005 15:00 2.5 3.9 9.0 13.9 11.4 17.7 
6/26/2005 8:00 8.4 13.0 7.9 12.2 16.3 25.2 6/28/2005 0:00 3.2 5.0 6.8 10.5 10.0 15.4 6/29/2005 16:00 2.5 3.9 8.3 12.8 10.7 16.6 
6/26/2005 9:00 7.1 11.0 8.6 13.3 15.7 24.3 6/28/2005 1:00 3.2 5.0 5.7 8.8 8.9 13.7 6/29/2005 17:00 2.3 3.6 9.0 13.9 11.3 17.5 
6/26/2005 10:00 5.8 9.0 9.0 13.9 14.8 22.9 6/28/2005 2:00 3.0 4.6 4.4 6.8 7.4 11.4 6/29/2005 18:00 2.3 3.6 9.0 13.9 11.3 17.5 
6/26/2005 11:00 5.3 8.2 9.0 13.9 14.3 22.1 6/28/2005 3:00 3.0 4.6 6.2 9.5 9.1 14.1 6/29/2005 19:00 2.3 3.6 9.0 13.9 11.3 17.5 
6/26/2005 12:00 4.8 7.4 9.0 13.9 13.8 21.3 6/28/2005 4:00 3.0 4.6 6.4 9.9 9.4 14.5 6/29/2005 20:00 2.1 3.2 9.0 13.9 11.1 17.2 
6/26/2005 13:00 6.5 10.1 9.0 13.9 15.4 23.9 6/28/2005 5:00 3.0 4.6 6.4 9.9 9.4 14.5 6/29/2005 21:00 2.1 3.2 8.2 12.7 10.3 15.9 
6/26/2005 14:00 7.1 11.0 7.4 11.4 14.5 22.4 6/28/2005 6:00 3.2 5.0 8.2 12.6 11.3 17.5 6/29/2005 22:00 2.1 3.2 9.0 13.9 11.1 17.2 
6/26/2005 15:00 6.5 10.1 8.5 13.2 15.0 23.2 6/28/2005 7:00 3.0 4.6 9.0 13.9 11.9 18.5 6/29/2005 23:00 2.1 3.2 8.8 13.7 11.0 17.0 
6/26/2005 16:00 6.5 10.1 7.6 11.7 14.1 21.8 6/28/2005 8:00 9.7 15.0 9.0 13.9 18.7 28.9 6/30/2005 0:00 2.1 3.2 7.1 11.0 9.2 14.3 
6/26/2005 17:00 5.8 9.0 8.6 13.3 14.4 22.3 6/28/2005 9:00 6.5 10.1 9.0 13.9 15.4 23.9 6/30/2005 1:00 2.0 3.1 6.2 9.6 8.2 12.7 
6/26/2005 18:00 5.6 8.7 9.0 13.9 14.5 22.5 6/28/2005 10:00 4.5 7.0 9.0 13.9 13.5 20.9 6/30/2005 2:00 2.0 3.1 4.2 6.5 6.2 9.6 
6/26/2005 19:00 5.6 8.7 9.0 13.9 14.5 22.5 6/28/2005 11:00 3.8 5.9 7.9 12.3 11.7 18.1 6/30/2005 3:00 2.0 3.1 6.9 10.6 8.9 13.7 
6/26/2005 20:00 5.3 8.2 9.0 13.9 14.3 22.1 6/28/2005 12:00 3.4 5.3 9.0 13.9 12.4 19.2 6/30/2005 4:00 2.0 3.1 8.6 13.3 10.6 16.4 
6/26/2005 21:00 5.3 8.2 8.9 13.8 14.2 22.0 6/28/2005 13:00 3.0 4.6 7.8 12.1 10.8 16.7 6/30/2005 5:00 11.0 17.0 7.3 11.2 18.3 28.2 
6/26/2005 22:00 53.7 83.1 8.0 12.4 61.7 95.4 6/28/2005 14:00 3.0 4.6 9.0 13.9 11.9 18.5 6/30/2005 6:00 111.2 172.0 9.0 13.9 120.2 185.9 
6/26/2005 23:00 65.9 101.9 9.0 13.9 74.9 115.9 6/28/2005 15:00 2.8 4.3 8.2 12.6 11.0 17.0 6/30/2005 7:00 53.7 83.1 9.0 13.9 62.6 96.9 
6/27/2005 0:00 35.6 55.1 7.0 10.8 42.5 65.7 6/28/2005 16:00 2.7 4.2 7.5 11.6 10.2 15.7 6/30/2005 8:00 26.5 41.0 9.0 13.9 35.5 54.9 
6/27/2005 1:00 19.4 30.0 5.5 8.4 24.9 38.4 6/28/2005 17:00 2.7 4.2 8.7 13.5 11.4 17.6 6/30/2005 9:00 15.5 24.0 9.0 13.9 24.5 37.9 
6/27/2005 2:00 12.3 19.0 5.5 8.5 17.8 27.5 6/28/2005 18:00 3.4 5.3 7.9 12.2 11.3 17.5 6/30/2005 10:00 9.7 15.0 9.0 13.9 18.7 28.9 
6/27/2005 3:00 9.0 13.9 4.5 6.9 13.5 20.9 6/28/2005 19:00 3.4 5.3 8.0 12.3 11.4 17.6 6/30/2005 11:00 7.1 11.0 9.0 13.9 16.1 24.9 

              
6/30/2005 12:00 5.8 9.0 9.0 13.9 14.8 22.9 
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Statistics of the average daytime (8am-7pm) and nighttime (8pm-7am) simulated return 
flow rates are summarized in Exhibit 5. As shown, the daytime and nighttime return flow 
statistics are very similar.  

EXHIBIT 5 
Simulated Daytime and Nighttime Return Flow Rates During 2005 Using Hourly Flow Data 

 Simulated Return Flow Rates, mgd (cfs) 

 Minimum Maximum Average Median 

Average Daytime Flow (8 am–7 pm) 
6.3 

(9.7) 
8.9 

(13.8) 
8.6 

(13.3) 
8.7 

(13.5) 

Average Nighttime Flow (8 pm–7 am) 
5.1 

(7.9) 
8.9 

(13.8) 
7.2 

(11.1) 
7.1 

(11.0) 

 
As seen in Exhibit 3 and further discussed in response to question RF2, and Section 5 and 
Appendix L of the Application, Underwood Creek has extended periods of very low flows. 
However, as seen in Exhibits 3 and 5, the diurnal flow variation is small and there will 
always be continuous return flow to Underwood Creek consistent with the return flow 
management plan. This allows the return flow to always provide an improvement to the 
habitat and flow dependent resources (e.g. fish and macroinvertebrates) in Underwood 
Creek compared to the current conditions of the creek, even when accounting for diurnal 
variations in flow rates.  

Exhibit 6 summarizes general daily flow statistics for existing historic hourly low flow 
conditions in Underwood Creek and for conditions with return flow. As seen in Exhibit 6 
return flow will provide more flow in Underwood Creek under all low flow conditions, and 
as summarized in Appendix L and response to question RF13, this will benefit the water 
dependent natural resources within Underwood Creek. Appendix L included flow area and 
wetted perimeter calculations for 14.6 cfs of flow within Underwood Creek. This is very 
similar to the average low flow value of 13.6 cfs (Exhibit 6) with return flow. The 2005 
minimum hourly low flow in the creek increased from 0.84 mgd (1.3 cfs) to 3.6 mgd (5.5 cfs) 
with return flow, which demonstrates additional habitat is always provided because of the 
enhanced base flow.  

The diurnal variations in the return flow are small (Exhibit 5) and are within the range of 
existing flow fluctuations within Underwood Creek. The diurnal fluctuations of return flow 
in the creek are significantly less than that experienced during a runoff event, where a 
runoff event can be several orders of magnitude greater than the diurnal fluctuation of 
return flow. For example, during the moderately high flow event on June 26, 2008, the creek 
flow increased from 2.6 cfs to 374.1 cfs in 3 hours (Exhibit 4). In comparison, the return flow 
maximum diurnal fluctuation is 10.5 cfs and the maximum average diurnal flow variation is 
5.9 cfs (13.8-7.9=5.9; Exhibit 5). Consequently, the return flow will provide a benefit to water 
dependent resources in the creek by creating additional habitat during all low flow 
conditions. This improvement to the water dependent resources in the creek is consistent 
with the calculated reduction in the Underwood Creek flashiness index as discussed above. 
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EXHIBIT 6 
Minimum Daily Flow Statistics For Underwood Creek with Historic Hourly Flow Data and Simulated Return Flow 

 Minimum Daily Flows Based on Hourly Flows [mgd (cfs)] 

 

Min. Avg. 

% Exceedence Flow 

 1% 5% 50% 95% 99% 

Historic 2005 Underwood Creek Flow 0.84 
(1.3) 

3.3 
(5.1) 

0.9 
(1.4) 

1.0 
(1.5) 

2.1 
(3.2) 

9.7 
(15.0) 

16.2 
(25.1) 

2005 Underwood Creek Flow with 
Simulated Return Flow 

3.6 
(5.5) 

8.8 
(13.6) 

4.0 
(6.2) 

4.8 
(7.4) 

7.3 
(11.3) 

18.4 
(28.5) 

25.1 
(38.8) 

 
Comment RF15 
Provide a reference to the scientific literature, study results, or expertise that was used to 
conclude that the proposed discharge to Underwood Creek will result in habitat 
improvement and overall benefits to fish and invertebrate communities 

Response 
Evaluation of habitat changes that would result from an Underwood Creek return flow were 
completed through field surveys, analyses of WDNR and USGS data, and review of design 
reports completed for Milwaukee Metropolitan Sewerage District’s (MMSD) Underwood 
Creek rehabilitation projects. Several professionals were involved in these efforts with 
specialties including civil and environmental engineering, hydrologic and hydraulic modeling, 
aquatic biology, hydrogeology and fluvial geomorphology. The rehabilitation design projects 
in Underwood Creek commissioned by MMSD included stakeholder meetings that were used 
to establish the basis of design criteria1, 2

Additional analyses were completed for the Application to supplement MMSD’s previous 
work, to identify specific habitat and aquatic resources that exist in Underwood Creek and 
that share habitat types with the flow regime that is anticipated with return flow. The 
results of these additional analyses are summarized in Application Appendixes G and L, 
and Attachment A within Appendix L. Attachment A includes many scientific references 
that supported the conclusions of habitat enhancements in Appendix L. The scientific 
references were used by the project team professionals to apply the scientific literature to 
Underwood Creek. Some analyses were completed by the same individuals who 
participated in the stakeholder workgroups with WDNR, MMSD, Milwaukee County, City 
of Wauwatosa, and the U.S. Army Corps of Engineers, to provide consistency with previous 
planning and design efforts.  

 including using Northern Pike as a surrogate fish 
species to represent response of typical warm water fish species and preferred habitat types.  

Comment RF16 
Appendix G to the application mentions that the increased flows from the discharge will not 
significantly contribute to sediment transport (page 6 of 8). However, Appendix L (page 7) 

                                                      
1 Milwaukee Metropolitan Sewerage District (MMSD). 2006. Underwood Creek Rehabilitation and Flood Management Project - 
Preliminary Engineering Design Project. August 2006. Contract No. P12424011T.01. Tetra Tech. 
2 Milwaukee Metropolitan Sewerage District (MMSD). 2008. “Watercourse: Underwood Creek Rehabilitation and Flood 
Management – Phase 1.” Designed by Short Elliott Hendrickson, Inc. 
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states: “These increases will have a negligible effect on the hydraulic and geomorphic 
conditions in the creek, but the increase in flow is expected to benefit the habitat within the 
creek during base flow periods by reducing the extent to which fine sediments fill the coarse 
sediment substrate (embeddedness), providing deeper pools and riffles for more functional 
fish passage, and providing more wetted perimeter to support a greater benthic 
community.” If the embeddedness is reduced due to the increase in the base flow, that 
means that sediment is carried and deposited somewhere, which seems contrary to the 
statement that the discharge will not significantly contribute to sediment transport. Please 
explain this perceived contradiction. 

Response 
The effect that return flow could have on Underwood Creek was evaluated in two analyses 
with two different objectives. One analysis was completed to assess the return flow effects 
on geomorphic stability of the creek channel and one was completed to assess the return 
flow effects on habitat.  

Geomorphic Analysis: The Underwood Creek Effluent Return Evaluation in Appendix G of 
the Application was completed by the design team that also completed the design for 
MMSD’s rehabilitation of the creek. The purpose of the report was to evaluate the hydraulic 
and geomorphic effects that a return flow would have on the rehabilitated portions of 
Underwood Creek and to determine if adding additional flow (i.e. return flow) would 
negatively impact the design and recent construction of the creek. As noted in this question, 
the study determined that the return flow would not significantly contribute to sediment 
transport. This conclusion was made based on this study evaluating the hydraulic, 
geomorphic and fisheries impacts of adding additional flow from return flow, from the 
perspective of channel and geomorphic stability. 

Habitat Analysis: The evaluation in Application Appendix L was performed after additional 
surveying field work and fisheries data analysis were completed in Underwood Creek as part 
of the return flow analysis. The purpose of the evaluation was to determine if the return flow 
would have an impact on the habitat in the portions of the creek downstream of the proposed 
return flow discharge location. As part of this evaluation, hydraulic modeling of the return 
flow shows increases in average velocity and shear stress, which can reduce embeddedness. 
From the perspective of habitat, a reduced embeddedness is beneficial for organisms that 
prefer coarser substrate. Return flow to Underwood Creek would assist in providing this 
habitat with an increase in flow in the creek through relatively constant return flow.  

The velocity and shear stress increases calculated as part of the habitat analysis are very 
small and as concluded in the geomorphic analysis (Appendix G), the increases will have a 
negligible effect on the hydraulic and geomorphic conditions in the creek (i.e. the small 
increases will have a negligible effect on the geomorphic stability of the creek).  

Understanding the differences in sediment transport processes described above should clarify 
the sediment transport processes evaluated by the various studies and clear up any perceived 
contradiction in the Application. A natural function of a stream is to transport sediment, even 
in a state of equilibrium. While additional flow from return flow will slightly increase the 
average velocity and shear stress, the increases are very small, will not significantly contribute 
to sediment transport, and do not negatively impact the geomorphic stability of the creek.  
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Comment RF17 
Provide more information on the expected adverse environmental impacts including the 
nature and extent of impacts to wildlife, endangered resources, and natural communities, 
whether these impacts are permanent or temporary, and whether they can be mitigated. (For 
questions on this request, please contact Shari Koslowsky at (608) 261-4382) 

Response 
See Attachment RF17, “Evaluation of Impacts at Alternative Discharge Location on Wildlife, 
Endangered Resources, and Natural Community” for the response to this question. 

Comment RF18 
Provide a relative comparison of wildlife, natural community, and endangered resource 
impacts among the various supply and return flow pipeline routes. 

Response 
See Attachment RF18, “Relative Comparison of Wildlife, Natural Community, and 
Endangered Resources Impacts for City of Waukesha Water Supply and Return Flow 
Alternatives” for the response to this question.  

Comment RF19 
How much of the alternative return flow pipeline routes would share corridors with 
existing utilities? 

Response 
The return flow alignments all follow previously disturbed areas including streets and alleys, 
bike paths, active and abandoned railroad corridors, utility corridors, and city and county 
lands. The land use affected by each return flow and water supply alternative is shown in 
Exhibit 6 in the response to question RF18. SEWRPC land use designations were used for that 
analysis. The exhibit includes temporary and permanent land use impacts and for the 
groundwater supply alternatives, the 1-foot or greater permanent groundwater drawdown is 
also considered in the overall land use impacts.  

Exhibit 1 includes the percentage of each return flow and water supply alignment that is 
closely associated with utility or transportation corridors. Some utility corridors have paved 
or gravel access roads while other unpaved corridors are generally regularly maintained with 
techniques that include mowing and woody vegetation removal. Consequently, utilizing 
existing utility and transportation corridors minimizes the amount of potential disturbance to 
natural resources by using previously disturbed areas that are developed or actively 
maintained. For the Racine water supply alternative, the majority of the alignment follows 
existing utility routes; however, a visual review of the pipeline alignment indicated that much 
of the land use was designated as agricultural instead of utility, even though the alignment 
closely followed existing utility corridors. Consequently, the Racine water supply percentages 
listed in Exhibit 1 consider agriculture in the estimate for utility corridor utilization.  
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EXHIBIT 1 
Utilization of Existing Utility and Transportation Corridors 

Water Supply or Return Flow Alternative 
Percent Existing 
Utility Corridor 

Percent Existing Utility or 
Transportation Corridors 

Deep and Shallow Well Water Supply 0 8 

Shallow Wells and Fox River Alluvium Water Supply 0 7 

Lake Michigan Water Supply – Milwaukee 25 80 

Lake Michigan Water Supply – Oak Creek 26 70 

Lake Michigan Water Supply – Racine 59 69 

Underwood Creek Return Flow 50 74 

Root River Return Flow 36 66 

Direct to Lake Michigan Return Flow 32 79 
 
Comment RF20 
Provide a description of the aquatic and benthic communities at the proposed Lake 
Michigan outfall. 

Response 
See Attachment RF20, “Analysis of Biological Communities in Lake Michigan Near a 
Potential City of Waukesha Return Flow Discharge” for the response to this question. 

Comment RF21 
Re: Appendix N, 3.3.2 (Page 3-5): Provide a description of the relative occurrence of any of 
these communities along the various supply and return flow routes. 

Response 
The relative occurrence of the natural communities identified in Appendix N, 3.3.2 
(Page 3-5) has been included in the response to question RF18.  

Comment RF22 
Re: Appendix N, Page 3-8, Paragraph 1. A historical occurrence should only be excluded if 
suitable habitat no longer exists. Does suitable habitat for these species exist in the affected 
areas? Please name the “alternative corridor” referred to in the last sentence of paragraph 1. 

Response 
To clarify the paragraph, our intention was not to exclude any species based upon historical 
occurrence and the “alternative corridor” means the corridor associated with that 
alternative. In this case, the alternative corridor is both of the groundwater supply 
alternatives (Deep and Shallow Aquifer and Shallow Aquifer and Fox River Alluvium). An 
evaluation of rare species is included in the response to question RF18.  

Comment RF23 
Please be aware that at this time in the process, it is unknown whether or not an incidental 
take permit will be needed for any of the alternatives. Consultation is ongoing and includes, 
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but is not necessarily limited to, impacts to species in Vernon Marsh and rare fish species in 
the affected waterways. 

Response 
The City of Waukesha welcomes this information and is committed to the ongoing 
consultation process with the WDNR and other regulatory stakeholders to minimize and 
avoid impacts to endangered species. Should the outcome of additional consultation 
indicate an incidental take permit is necessary, the City of Waukesha will work with the 
WDNR to meet the requirements of the permit.  

Comment RF24 
Please be aware that you will need to complete a practicable alternatives analysis pursuant 
to NR 103 for all proposed wetland impacts as part of your formal Waterway and Wetland 
permit application for the project. The alternatives analysis may have an impact on the 
water supply and return flow pipeline routes or the methods for installing the pipelines. 

Response 
The City of Waukesha is aware of this requirement and welcomes communication on the 
practicable alternative analysis required under NR 103 for wetland impacts. We believe the 
work conducted to date to document potential impacts of the various water supply and return 
flow alternatives will be useful to support a future practicable alternatives analysis. As the 
WDNR indicates, we agree that the alternatives analysis may affect the water supply and 
return flow pipeline routes or the methods for installing the pipelines. The City of Waukesha 
will provide this information as part of the Waterway and Wetland permit application 
process, which we understand will begin after a water supply source has been approved.  

Comment RF25 
Provide one additional color copy of the application and environmental impact report. 

Response 
A color copy of the Application (complete with all appendixes on CD) and Environmental 
Report (Appendix N of the Application) was provided on February 11, 2011. 

Comment RF26 
Provide a copy of the comments that you have received from MMSD concerning return flow 
to Underwood Creek. 

Response 
The City of Waukesha has not received written comments from the Milwaukee 
Metropolitan Sewerage District (MMSD) concerning return flow to Underwood Creek. 
However, during the development of the Application and return flow management plan, 
MMSD was informed of the return flow management plan to ensure that the return flow 
would not adversely affect ongoing flood detention projects. Part of this coordination 
included return flow alternatives being evaluated in the Application and receiving a copy of 
the report entitled “Underwood Creek Effluent Return Evaluation.” This report was 
authored by the engineers who also designed the recently completed Underwood Creek 
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channel rehabilitation features for MMSD. This report was included as Appendix G of the 
Application and discusses the hydraulic and geomorphic impacts that return flow could 
have on Underwood Creek. The City of Waukesha has not received comments from MMSD 
concerning this report or return flow to Underwood Creek. 

Comment RF27 
Please be aware that the Southeastern Wisconsin Regional Planning Commission will need to 
review any changes in effluent discharge and amend the Regional Water Quality 
Management Plan as appropriate prior to the Department's final approval of any needed 
wastewater facility plans. 

Response 
The City of Waukesha welcomes this information and has been aware of SEWRPC’s 
regional water quality management role. The City of Waukesha will work with SEWRPC to 
provide information that may be needed to amend the Regional Water Quality Management 
Plan.  
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M E M O R A N D U M   

 

Fox River and Underwood Creek Flow Rates with 
Return Flow in Years 2005 and 2008 
TO: Waukesha Water Utility 

FROM: CH2M HILL 

DATE: February 28, 2011 

The purpose of this memorandum is to respond to question RF2 from the Wisconsin DNR’s 
December 2, 2010 letter on the City of Waukesha’s Application for Lake Michigan Water 
Supply. The original question is italicized with the response below. 

RF2: Provide a table and graph showing how the proposed return flow management plan would have 
worked for 2005 and 2008 based on the actual daily flows during those years. How much water would 
have been returned to Underwood Creek versus the Fox River? 

Using the USGS flow information for the Underwood Creek (gage #04087088) and the Fox 
River (gage #05543830), the below exhibits demonstrate how the return flow would have 
changed the daily flows in each watercourse during 2005 and 2008. As discussed in Section 
5 of the Application, the return flow management plan proposed returning a maximum flow 
of 115 percent of the average daily water withdrawal, and if flow from the City of Waukesha 
WWTP is in excess of the maximum return flow rate, the excess flow would be conveyed to 
the current WWTP outfall to the Fox River. The average daily water withdrawal in 2005 and 
2008 were 12.0 cfs (7.8 mgd) and 10.7 cfs (6.9 mgd), respectively, which results in a daily 
average maximum return flow to Underwood Creek of 13.8 cfs in 2005 and 12.3 cfs in 2008. 
The year 2005 was selected because it is a relatively dry year in recent past, and 2008 was a 
relatively wet year in recent past. 

Exhibit 1 is a graphical summary of the average daily flows in Underwood Creek in year 
2005 with one line showing actual historic flow and one line showing historic flow with 
return flow following the return flow management plan (a tabular summary is provided in 
Exhibit A-1 included Attachment A). Note that the maximum return flow is 13.8 cfs and is 
relatively uniform throughout the year. To prevent the return flow from causing flood 
damage along Underwood Creek, the return flow management plan would temporarily 
pause return flow if Underwood Creek flows exceed the 2-year flow of 1,000 cfs. Following 
this approach, return flow to Underwood Creek is temporarily paused if Underwood Creek 
exceeds 1,000 cfs, and would resume after the creek drops below this flow. When return 
flow is paused, all flow from the WWTP is conveyed through the existing outfall to the Fox 
River. There were no days in year 2005 when Underwood Creek flow exceeded 1,000 cfs. 
Consequently, return flow would not have been paused that year while meeting the 
Compact requirement of returning withdrawn water less consumptive use.  
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EXHIBIT 1 
Year 2005 Average Daily Flow in Underwood Creek with Simulated Return Flow 

 

Exhibit 2 is a graphical summary of the average daily flows in the Fox River in year 2005 (a 
tabular summary is provided in Exhibit A-2 included in Attachment A). Note that the 
average daily flow for the Fox River represents river flow at the City of Waukesha WWTP 
outfall. This data was developed by adding the actual historic average daily USGS flow for 
year 2005 to the WWTP average daily discharge to the Fox River, where one line shows 
historic flow and one line shows historic flow with return flow following the return flow 
management plan. The USGS gage is about 0.5 miles upstream of the WWTP and there are 
no tributaries between the gage and WWTP. Therefore, the river flow at the gage should be 
similar to the river flow immediately upstream of the WWTP outfall. For the simulation that 
includes a Lake Michigan water supply, the USGS average daily flow data was added to the 
WWTP flow that was not returned to Underwood Creek. 
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EXHIBIT 2 
Year 2005 Average Daily Flow in the Fox River with Simulated Lake Michigan Water Supply 

 

Exhibits 3 and 4 are graphical summaries of the average daily flows in Underwood Creek in 
year 2008 with one line showing historic flow and one line showing historic flow with 
return flow following the return flow management plan (a tabular summary is provided in 
Exhibit A-3 included in Attachment A). The maximum return flow is 12.3 cfs and is 
relatively uniform throughout the year. To prevent the return flow from causing flood 
damage along Underwood Creek, the return flow was temporarily paused for about one 
day in June 2008 because Underwood Creek flow exceeded 1,000 cfs for about one day. The 
return flow meets the Compact requirement of returning the withdrawn water less 
consumptive use because the maximum return flow on other days (days other than the one 
day in June) is slightly greater (a maximum of 15 percent) than the average water 
withdrawal. Consequently, this management plan makes up the return flow that was 
temporarily paused during the June flood event in Underwood Creek (this is further 
discussed in Section 5 of the Application). 

Exhibit 5 is a graphical summary of the average daily flows in the Fox River in year 2008 
with one line showing historic flow and one line showing historic flow with return flow 
following the return flow management plan (a tabular summary is provided in Exhibit A-4 
included in Attachment A). The same as year 2005, the average daily flow for the Fox River 
represents river flow at the City of Waukesha WWTP outfall. This data was developed by 
adding the average daily USGS flow for year 2008 to the WWTP average daily discharge to 
the Fox River. For the simulation that includes a Lake Michigan water supply, the USGS 
average daily flow data was added to the WWTP flow that was not returned to Underwood 
Creek (e.g. flow that exceeded 115 percent of the average daily water withdrawal). Note that 
during the June 2008 event that exceeded 1,000 cfs in Underwood Creek, the Fox River flow 
at the WWTP is the same with and without the Lake Michigan water supply because the 
return flow to Underwood Creek was temporarily paused and all WWTP flow was 
conveyed to the existing Fox River outfall. 
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EXHIBIT 3 
Year 2008 Average Daily Flow in Underwood Creek with Simulated Return Flow 

 

 

EXHIBIT 4 
June 2008 Average Daily Flow in Underwood Creek with Simulated Return Flow 

 

 

0

200

400

600

800

1000

1200

1400

12/4 12/24 1/13 2/2 2/22 3/13 4/2 4/22 5/12 6/1 6/21 7/11 7/31 8/20 9/9 9/29 10/19 11/8 11/28 12/18 1/7 1/27

Fl
o
w
 (c
fs
)

g y

Average Day Flow with Return Flow

Average Day Flow Without Return Flow

Average Day Return Flow

0

50

100

150

200

250

300

6/1 6/2 6/3 6/4 6/5 6/6 6/7 6/8 6/9 6/10 6/11 6/12 6/13 6/14 6/15 6/16 6/17

Fl
o
w
 (c
fs
)

Average Day Flow with Return Flow

Average Day Flow Without Return Flow

Average Day Return Flow

See Exhibit 4



FOX RIVER AND UNDERWOOD CREEK FLOW RATES WITH RETURN FLOW IN YEARS 2005 AND 2008 

5 

EXHIBIT 5 
Year 2008 Average Daily Flow in the Fox River with Simulated Lake Michigan Water Supply 
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EXHIBIT A-1 
Summary Table of Year 2005 Flow in Underwood Creek with Simulated Return Flow 

Date 
Creek Average Day Flow 
without Return Flow (cfs) 

Average Day Return 
Flow (cfs) 

Creek Average Day Flow 
with Return Flow (cfs) 

1/1/05 7.0 12.0 19.0 

1/2/05 62.0 13.8 75.8 

1/3/05 8.4 13.8 22.2 

1/4/05 5.8 12.0 17.8 

1/5/05 4.9 12.0 16.9 

1/6/05 3.8 12.0 15.8 

1/7/05 3.4 12.0 15.4 

1/8/05 3.1 12.0 15.1 

1/9/05 2.9 12.0 14.9 

1/10/05 2.9 12.0 14.9 

1/11/05 3.2 12.0 15.2 

1/12/05 154.0 13.8 167.8 

1/13/05 82.0 13.8 95.8 

1/14/05 21.0 13.8 34.8 

1/15/05 10.0 12.0 22.0 

1/16/05 8.0 12.0 20.0 

1/17/05 7.0 12.0 19.0 

1/18/05 6.6 12.0 18.6 

1/19/05 6.0 12.0 18.0 

1/20/05 4.8 12.0 16.8 

1/21/05 4.4 12.0 16.4 

1/22/05 4.3 12.0 16.3 

1/23/05 4.2 12.0 16.2 

1/24/05 5.3 12.0 17.3 

1/25/05 5.1 12.0 17.1 

1/26/05 4.6 12.0 16.6 

1/27/05 4.4 12.0 16.4 

1/28/05 3.8 12.0 15.8 

1/29/05 3.4 12.0 15.4 

1/30/05 3.2 12.0 15.2 

1/31/05 3.1 12.0 15.1 

2/1/05 3.0 12.0 15.0 

2/2/05 2.8 12.0 14.8 

2/3/05 3.3 12.0 15.3 
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EXHIBIT A-1 
Summary Table of Year 2005 Flow in Underwood Creek with Simulated Return Flow 

Date 
Creek Average Day Flow 
without Return Flow (cfs) 

Average Day Return 
Flow (cfs) 

Creek Average Day Flow 
with Return Flow (cfs) 

2/4/05 5.2 12.0 17.2 

2/5/05 11.0 13.8 24.8 

2/6/05 14.0 13.8 27.8 

2/7/05 48.0 13.8 61.8 

2/8/05 16.0 13.8 29.8 

2/9/05 9.8 13.8 23.6 

2/10/05 7.3 13.8 21.1 

2/11/05 6.3 13.8 20.1 

2/12/05 7.0 13.8 20.8 

2/13/05 33.0 13.8 46.8 

2/14/05 90.0 13.8 103.8 

2/15/05 33.0 13.8 46.8 

2/16/05 17.0 13.8 30.8 

2/17/05 11.0 13.8 24.8 

2/18/05 8.0 13.8 21.8 

2/19/05 6.5 13.8 20.3 

2/20/05 8.5 13.8 22.3 

2/21/05 11.0 13.8 24.8 

2/22/05 7.8 13.8 21.6 

2/23/05 6.2 13.8 20.0 

2/24/05 5.7 13.8 19.5 

2/25/05 5.8 13.8 19.6 

2/26/05 5.5 13.8 19.3 

2/27/05 4.5 12.0 16.5 

2/28/05 4.2 12.0 16.2 

3/1/05 4.0 12.0 16.0 

3/2/05 4.0 12.0 16.0 

3/3/05 4.4 13.8 18.2 

3/4/05 5.9 13.8 19.7 

3/5/05 7.3 13.8 21.1 

3/6/05 30.0 13.8 43.8 

3/7/05 47.0 13.8 60.8 

3/8/05 18.0 13.8 31.8 

3/9/05 12.0 13.8 25.8 
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EXHIBIT A-1 
Summary Table of Year 2005 Flow in Underwood Creek with Simulated Return Flow 

Date 
Creek Average Day Flow 
without Return Flow (cfs) 

Average Day Return 
Flow (cfs) 

Creek Average Day Flow 
with Return Flow (cfs) 

3/10/05 12.0 13.8 25.8 

3/11/05 10.0 13.8 23.8 

3/12/05 9.5 13.8 23.3 

3/13/05 7.2 13.8 21.0 

3/14/05 5.5 13.8 19.3 

3/15/05 6.1 13.8 19.9 

3/16/05 6.9 13.8 20.7 

3/17/05 6.7 13.8 20.5 

3/18/05 9.0 13.8 22.8 

3/19/05 31.0 13.8 44.8 

3/20/05 19.0 13.8 32.8 

3/21/05 19.0 13.8 32.8 

3/22/05 17.0 13.8 30.8 

3/23/05 14.0 13.8 27.8 

3/24/05 14.0 13.8 27.8 

3/25/05 14.0 13.8 27.8 

3/26/05 14.0 13.8 27.8 

3/27/05 16.0 13.8 29.8 

3/28/05 17.0 13.8 30.8 

3/29/05 18.0 13.8 31.8 

3/30/05 30.0 13.8 43.8 

3/31/05 24.0 13.8 37.8 

4/1/05 29.0 13.8 42.8 

4/2/05 26.0 13.8 39.8 

4/3/05 17.0 13.7 30.7 

4/4/05 14.0 13.8 27.8 

4/5/05 12.0 13.8 25.8 

4/6/05 36.0 13.8 49.8 

4/7/05 32.0 13.8 45.8 

4/8/05 17.0 13.8 30.8 

4/9/05 13.0 13.8 26.8 

4/10/05 11.0 13.8 24.8 

4/11/05 9.6 13.8 23.4 

4/12/05 9.2 13.8 23.0 
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EXHIBIT A-1 
Summary Table of Year 2005 Flow in Underwood Creek with Simulated Return Flow 

Date 
Creek Average Day Flow 
without Return Flow (cfs) 

Average Day Return 
Flow (cfs) 

Creek Average Day Flow 
with Return Flow (cfs) 

4/13/05 8.2 13.8 22.0 

4/14/05 7.3 13.8 21.1 

4/15/05 6.9 13.8 20.7 

4/16/05 6.6 13.8 20.4 

4/17/05 6.8 13.8 20.6 

4/18/05 6.2 13.8 20.0 

4/19/05 5.9 13.8 19.7 

4/20/05 10.0 13.8 23.8 

4/21/05 6.6 13.8 20.4 

4/22/05 12.0 13.8 25.8 

4/23/05 7.0 13.8 20.8 

4/24/05 6.0 13.8 19.8 

4/25/05 5.8 13.8 19.6 

4/26/05 5.7 13.8 19.5 

4/27/05 5.8 13.8 19.6 

4/28/05 5.0 13.8 18.8 

4/29/05 4.9 13.7 18.6 

4/30/05 4.9 13.6 18.5 

5/1/05 4.5 13.8 18.3 

5/2/05 4.3 13.8 18.1 

5/3/05 4.1 13.8 17.9 

5/4/05 4.0 13.8 17.8 

5/5/05 3.9 13.8 17.7 

5/6/05 24.0 13.8 37.8 

5/7/05 9.7 13.3 23.0 

5/8/05 6.4 12.6 19.0 

5/9/05 19.0 13.8 32.8 

5/10/05 12.0 13.5 25.5 

5/11/05 45.0 13.8 58.8 

5/12/05 12.0 13.8 25.8 

5/13/05 20.0 13.8 33.8 

5/14/05 11.0 13.8 24.8 

5/15/05 8.1 13.8 21.9 

5/16/05 6.7 13.8 20.5 
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EXHIBIT A-1 
Summary Table of Year 2005 Flow in Underwood Creek with Simulated Return Flow 

Date 
Creek Average Day Flow 
without Return Flow (cfs) 

Average Day Return 
Flow (cfs) 

Creek Average Day Flow 
with Return Flow (cfs) 

5/17/05 6.0 13.5 19.5 

5/18/05 5.7 13.5 19.2 

5/19/05 68.0 13.8 81.8 

5/20/05 17.0 13.8 30.8 

5/21/05 10.0 13.7 23.7 

5/22/05 8.2 13.6 21.8 

5/23/05 7.2 13.8 21.0 

5/24/05 6.1 13.6 19.7 

5/25/05 5.5 13.6 19.1 

5/26/05 5.1 13.6 18.7 

5/27/05 7.0 13.8 20.8 

5/28/05 6.7 13.1 19.8 

5/29/05 4.7 12.2 16.9 

5/30/05 4.4 12.9 17.3 

5/31/05 4.1 13.4 17.5 

6/1/05 3.8 13.4 17.2 

6/2/05 3.9 13.1 17.0 

6/3/05 3.7 13.1 16.8 

6/4/05 3.7 12.8 16.5 

6/5/05 13.0 13.3 26.3 

6/6/05 4.5 13.8 18.3 

6/7/05 6.4 13.7 20.1 

6/8/05 3.7 13.7 17.4 

6/9/05 3.3 13.6 16.9 

6/10/05 3.1 13.3 16.4 

6/11/05 3.1 12.6 15.7 

6/12/05 3.1 12.5 15.6 

6/13/05 22.0 13.1 35.1 

6/14/05 6.7 12.9 19.6 

6/15/05 4.0 12.8 16.8 

6/16/05 3.3 12.6 15.9 

6/17/05 3.1 12.6 15.7 

6/18/05 3.2 11.7 14.9 

6/19/05 3.1 11.4 14.5 
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EXHIBIT A-1 
Summary Table of Year 2005 Flow in Underwood Creek with Simulated Return Flow 

Date 
Creek Average Day Flow 
without Return Flow (cfs) 

Average Day Return 
Flow (cfs) 

Creek Average Day Flow 
with Return Flow (cfs) 

6/20/05 2.7 13.2 15.9 

6/21/05 2.9 12.3 15.2 

6/22/05 2.9 12.0 14.9 

6/23/05 2.7 12.3 15.0 

6/24/05 2.8 12.2 15.0 

6/25/05 3.9 11.9 15.8 

6/26/05 42.0 12.9 54.9 

6/27/05 9.7 12.7 22.4 

6/28/05 8.7 12.6 21.3 

6/29/05 3.9 12.3 16.2 

6/30/05 17.0 13.1 30.1 

7/1/05 4.1 11.4 15.5 

7/2/05 3.0 11.2 14.2 

7/3/05 2.6 10.5 13.1 

7/4/05 10.0 11.8 21.8 

7/5/05 5.2 12.1 17.3 

7/6/05 3.5 12.0 15.5 

7/7/05 3.1 12.1 15.2 

7/8/05 2.7 11.6 14.3 

7/9/05 2.7 11.3 14.0 

7/10/05 2.4 11.6 14.0 

7/11/05 2.6 12.5 15.1 

7/12/05 5.0 12.9 17.9 

7/13/05 4.3 12.8 17.1 

7/14/05 2.8 12.7 15.5 

7/15/05 2.5 12.2 14.7 

7/16/05 2.6 11.3 13.9 

7/17/05 2.6 11.4 14.0 

7/18/05 2.6 12.0 14.6 

7/19/05 2.6 11.8 14.4 

7/20/05 16.0 12.7 28.7 

7/21/05 23.0 13.1 36.1 

7/22/05 4.9 12.3 17.2 

7/23/05 16.0 12.6 28.6 
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EXHIBIT A-1 
Summary Table of Year 2005 Flow in Underwood Creek with Simulated Return Flow 

Date 
Creek Average Day Flow 
without Return Flow (cfs) 

Average Day Return 
Flow (cfs) 

Creek Average Day Flow 
with Return Flow (cfs) 

7/24/05 6.1 12.3 18.4 

7/25/05 3.8 13.2 17.0 

7/26/05 22.0 13.8 35.8 

7/27/05 5.2 12.6 17.8 

7/28/05 3.9 12.4 16.3 

7/29/05 2.8 12.1 14.9 

7/30/05 2.5 11.6 14.1 

7/31/05 2.4 11.4 13.8 

8/1/05 2.3 10.3 12.6 

8/2/05 2.3 13.2 15.5 

8/3/05 2.4 12.6 15.0 

8/4/05 3.7 12.2 15.9 

8/5/05 2.2 11.8 14.0 

8/6/05 1.9 11.2 13.1 

8/7/05 2.0 11.1 13.1 

8/8/05 1.9 11.2 13.1 

8/9/05 2.0 12.5 14.5 

8/10/05 2.1 12.0 14.1 

8/11/05 2.3 12.2 14.5 

8/12/05 17.0 12.5 29.5 

8/13/05 2.8 11.5 14.3 

8/14/05 2.2 11.4 13.6 

8/15/05 2.0 12.4 14.4 

8/16/05 2.0 12.7 14.7 

8/17/05 2.0 12.5 14.5 

8/18/05 18.0 13.5 31.5 

8/19/05 3.7 12.6 16.3 

8/20/05 6.1 11.9 18.0 

8/21/05 2.4 11.5 13.9 

8/22/05 2.1 12.1 14.2 

8/23/05 2.0 10.1 12.1 

8/24/05 2.0 12.0 14.0 

8/25/05 2.3 11.8 14.1 

8/26/05 2.5 12.0 14.5 
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EXHIBIT A-1 
Summary Table of Year 2005 Flow in Underwood Creek with Simulated Return Flow 

Date 
Creek Average Day Flow 
without Return Flow (cfs) 

Average Day Return 
Flow (cfs) 

Creek Average Day Flow 
with Return Flow (cfs) 

8/27/05 5.9 12.7 18.6 

8/28/05 2.8 11.7 14.5 

8/29/05 2.2 12.0 14.2 

8/30/05 2.1 12.1 14.2 

8/31/05 2.1 12.2 14.3 

9/1/05 2.1 12.1 14.2 

9/2/05 2.2 11.7 13.9 

9/3/05 2.0 11.0 13.0 

9/4/05 2.1 11.1 13.2 

9/5/05 2.1 12.5 14.6 

9/6/05 2.2 11.7 13.9 

9/7/05 2.4 11.9 14.3 

9/8/05 2.8 11.9 14.7 

9/9/05 2.2 11.7 13.9 

9/10/05 2.1 11.5 13.6 

9/11/05 2.2 11.6 13.8 

9/12/05 2.1 11.8 13.9 

9/13/05 3.0 12.8 15.8 

9/14/05 1.9 12.3 14.2 

9/15/05 2.0 11.6 13.6 

9/16/05 4.6 11.3 15.9 

9/17/05 1.8 11.2 13.0 

9/18/05 1.8 11.4 13.2 

9/19/05 15.0 13.3 28.3 

9/20/05 2.4 12.6 15.0 

9/21/05 1.8 12.9 14.7 

9/22/05 59.0 13.8 72.8 

9/23/05 6.5 12.7 19.2 

9/24/05 4.4 11.8 16.2 

9/25/05 144.0 13.7 157.7 

9/26/05 40.0 13.8 53.8 

9/27/05 11.0 13.2 24.2 

9/28/05 8.0 12.9 20.9 

9/29/05 4.7 12.3 17.0 
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EXHIBIT A-1 
Summary Table of Year 2005 Flow in Underwood Creek with Simulated Return Flow 

Date 
Creek Average Day Flow 
without Return Flow (cfs) 

Average Day Return 
Flow (cfs) 

Creek Average Day Flow 
with Return Flow (cfs) 

9/30/05 3.3 12.0 15.3 

10/1/05 2.8 11.6 14.4 

10/2/05 2.4 11.8 14.2 

10/3/05 2.1 10.1 12.2 

10/4/05 2.2 12.0 14.2 

10/5/05 2.0 12.1 14.1 

10/6/05 1.9 12.1 14.0 

10/7/05 1.7 11.7 13.4 

10/8/05 1.6 11.7 13.3 

10/9/05 1.7 11.6 13.3 

10/10/05 1.6 12.1 13.7 

10/11/05 1.6 11.9 13.5 

10/12/05 2.4 11.9 14.3 

10/13/05 1.7 11.9 13.6 

10/14/05 1.9 11.7 13.6 

10/15/05 1.6 11.4 13.0 

10/16/05 1.6 11.6 13.2 

10/17/05 6.8 12.7 19.5 

10/18/05 2.2 12.3 14.5 

10/19/05 1.9 12.2 14.1 

10/20/05 1.8 12.3 14.1 

10/21/05 2.1 11.7 13.8 

10/22/05 2.6 11.4 14.0 

10/23/05 6.6 11.7 18.3 

10/24/05 2.7 11.9 14.6 

10/25/05 2.2 11.6 13.8 

10/26/05 2.3 11.8 14.1 

10/27/05 2.0 11.7 13.7 

10/28/05 1.9 11.6 13.5 

10/29/05 1.9 11.0 12.9 

10/30/05 1.7 11.1 12.8 

10/31/05 1.7 12.1 13.8 

11/1/05 1.7 12.5 14.2 

11/2/05 1.7 9.8 11.5 
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EXHIBIT A-1 
Summary Table of Year 2005 Flow in Underwood Creek with Simulated Return Flow 

Date 
Creek Average Day Flow 
without Return Flow (cfs) 

Average Day Return 
Flow (cfs) 

Creek Average Day Flow 
with Return Flow (cfs) 

11/3/05 1.9 11.5 13.4 

11/4/05 1.9 11.4 13.3 

11/5/05 28.0 13.6 41.6 

11/6/05 49.0 13.8 62.8 

11/7/05 7.9 13.8 21.7 

11/8/05 4.8 13.4 18.2 

11/9/05 3.7 12.4 16.1 

11/10/05 2.8 12.0 14.8 

11/11/05 2.5 11.6 14.1 

11/12/05 7.3 11.7 19.0 

11/13/05 3.9 12.4 16.3 

11/14/05 6.1 13.3 19.4 

11/15/05 20.0 13.8 33.8 

11/16/05 10.0 13.8 23.8 

11/17/05 4.4 13.5 17.9 

11/18/05 3.1 12.7 15.8 

11/19/05 2.8 12.2 15.0 

11/20/05 2.4 12.0 14.4 

11/21/05 2.2 12.6 14.8 

11/22/05 2.0 12.4 14.4 

11/23/05 2.0 12.0 14.0 

11/24/05 1.9 12.0 13.9 

11/25/05 2.0 12.0 14.0 

11/26/05 2.4 12.0 14.4 

11/27/05 23.0 12.4 35.4 

11/28/05 38.0 13.5 51.5 

11/29/05 9.9 13.0 22.9 

11/30/05 5.4 12.9 18.3 

12/1/05 4.9 12.7 17.6 

12/2/05 3.4 12.0 15.4 

12/3/05 3.2 12.0 15.2 

12/4/05 3.0 12.0 15.0 

12/5/05 2.7 12.0 14.7 

12/6/05 2.6 12.0 14.6 
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EXHIBIT A-1 
Summary Table of Year 2005 Flow in Underwood Creek with Simulated Return Flow 

Date 
Creek Average Day Flow 
without Return Flow (cfs) 

Average Day Return 
Flow (cfs) 

Creek Average Day Flow 
with Return Flow (cfs) 

12/7/05 2.5 12.0 14.5 

12/8/05 2.4 12.0 14.4 

12/9/05 2.4 12.0 14.4 

12/10/05 2.3 12.0 14.3 

12/11/05 2.3 12.0 14.3 

12/12/05 2.3 12.0 14.3 

12/13/05 2.4 12.0 14.4 

12/14/05 2.5 12.0 14.5 

12/15/05 2.4 12.0 14.4 

12/16/05 2.3 12.0 14.3 

12/17/05 2.3 12.0 14.3 

12/18/05 2.2 12.0 14.2 

12/19/05 2.2 12.0 14.2 

12/20/05 2.2 12.0 14.2 

12/21/05 2.4 12.0 14.4 

12/22/05 2.5 12.0 14.5 

12/23/05 5.7 12.9 18.6 

12/24/05 4.8 12.0 16.8 

12/25/05 4.2 10.8 15.0 

12/26/05 3.3 12.0 15.3 

12/27/05 3.1 12.1 15.2 

12/28/05 4.1 12.3 16.4 

12/29/05 4.2 12.3 16.5 

12/30/05 8.0 12.2 20.2 

12/31/05 12.0 12.3 24.3 
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EXHIBIT A-2 
Summary Table of Year 2005 Flow in Fox River with Simulated Lake Michigan Water Supply 

Date 
River Average Daily Flow at WWTP 
without Lake Michigan Supply (cfs) 

River Average Daily Flow at WWTP 
with Lake Michigan Supply (cfs) 

1/1/05 53.5 41.5 

1/2/05 148.3 134.5 

1/3/05 116.2 102.4 

1/4/05 97.6 85.6 

1/5/05 79.1 67.1 

1/6/05 70.9 58.9 

1/7/05 69.2 57.2 

1/8/05 65.2 53.2 

1/9/05 66.2 54.1 

1/10/05 66.3 54.3 

1/11/05 64.1 52.1 

1/12/05 178.8 165.0 

1/13/05 411.6 397.8 

1/14/05 367.1 353.3 

1/15/05 336.6 324.6 

1/16/05 266.1 254.1 

1/17/05 186.0 173.9 

1/18/05 134.8 122.8 

1/19/05 94.5 82.5 

1/20/05 90.2 78.1 

1/21/05 86.9 74.9 

1/22/05 84.6 72.6 

1/23/05 83.5 71.5 

1/24/05 82.2 70.2 

1/25/05 81.7 69.6 

1/26/05 80.6 68.5 

1/27/05 78.8 66.7 

1/28/05 77.0 65.0 

1/29/05 73.6 61.5 

1/30/05 73.5 61.5 

1/31/05 72.6 60.6 

2/1/05 75.6 63.5 

2/2/05 79.6 67.6 

2/3/05 79.7 67.7 
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EXHIBIT A-2 
Summary Table of Year 2005 Flow in Fox River with Simulated Lake Michigan Water Supply 

Date 
River Average Daily Flow at WWTP 
without Lake Michigan Supply (cfs) 

River Average Daily Flow at WWTP 
with Lake Michigan Supply (cfs) 

2/4/05 80.7 68.7 

2/5/05 91.1 77.3 

2/6/05 113.9 100.1 

2/7/05 206.5 192.7 

2/8/05 230.9 217.1 

2/9/05 206.3 192.5 

2/10/05 185.6 171.8 

2/11/05 155.9 142.1 

2/12/05 132.5 118.7 

2/13/05 148.4 134.6 

2/14/05 315.3 301.5 

2/15/05 372.9 359.1 

2/16/05 345.5 331.7 

2/17/05 277.8 264.0 

2/18/05 202.4 188.6 

2/19/05 163.6 149.8 

2/20/05 141.4 127.6 

2/21/05 136.2 122.4 

2/22/05 131.3 117.5 

2/23/05 123.5 109.7 

2/24/05 119.3 105.5 

2/25/05 118.2 104.4 

2/26/05 112.9 99.1 

2/27/05 109.1 97.1 

2/28/05 107.5 95.4 

3/1/05 98.3 86.3 

3/2/05 93.0 80.9 

3/3/05 91.9 78.1 

3/4/05 87.9 74.1 

3/5/05 89.9 76.1 

3/6/05 114.9 101.1 

3/7/05 253.3 239.5 

3/8/05 276.7 262.9 

3/9/05 233.3 219.5 
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EXHIBIT A-2 
Summary Table of Year 2005 Flow in Fox River with Simulated Lake Michigan Water Supply 

Date 
River Average Daily Flow at WWTP 
without Lake Michigan Supply (cfs) 

River Average Daily Flow at WWTP 
with Lake Michigan Supply (cfs) 

3/10/05 188.7 174.9 

3/11/05 148.3 134.5 

3/12/05 126.7 112.9 

3/13/05 113.5 99.7 

3/14/05 111.8 98.0 

3/15/05 106.4 92.6 

3/16/05 105.8 92.0 

3/17/05 110.6 96.8 

3/18/05 113.3 99.5 

3/19/05 138.8 125.0 

3/20/05 157.2 143.4 

3/21/05 172.5 158.7 

3/22/05 184.6 170.8 

3/23/05 179.5 165.7 

3/24/05 176.9 163.1 

3/25/05 187.1 173.3 

3/26/05 190.7 176.9 

3/27/05 195.0 181.2 

3/28/05 206.5 192.7 

3/29/05 219.0 205.2 

3/30/05 237.4 223.6 

3/31/05 263.7 249.9 

4/1/05 273.1 259.3 

4/2/05 274.5 260.7 

4/3/05 258.7 244.9 

4/4/05 232.3 218.5 

4/5/05 207.1 193.3 

4/6/05 200.5 186.7 

4/7/05 228.6 214.8 

4/8/05 229.2 215.4 

4/9/05 209.1 195.3 

4/10/05 183.7 169.9 

4/11/05 159.7 145.9 

4/12/05 143.0 129.2 
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EXHIBIT A-2 
Summary Table of Year 2005 Flow in Fox River with Simulated Lake Michigan Water Supply 

Date 
River Average Daily Flow at WWTP 
without Lake Michigan Supply (cfs) 

River Average Daily Flow at WWTP 
with Lake Michigan Supply (cfs) 

4/13/05 131.5 117.7 

4/14/05 107.2 93.4 

4/15/05 94.8 81.0 

4/16/05 84.4 70.6 

4/17/05 82.1 68.3 

4/18/05 78.3 64.5 

4/19/05 78.1 64.3 

4/20/05 91.7 77.9 

4/21/05 89.1 75.3 

4/22/05 92.8 79.0 

4/23/05 94.4 80.6 

4/24/05 84.2 70.4 

4/25/05 79.3 65.5 

4/26/05 78.4 64.6 

4/27/05 79.2 65.4 

4/28/05 75.9 62.1 

4/29/05 72.7 59.0 

4/30/05 84.6 71.0 

5/1/05 86.8 73.0 

5/2/05 81.5 67.7 

5/3/05 74.2 60.4 

5/4/05 69.1 55.3 

5/5/05 69.0 55.2 

5/6/05 103.6 89.8 

5/7/05 116.3 103.0 

5/8/05 98.6 86.0 

5/9/05 105.9 92.1 

5/10/05 116.5 103.0 

5/11/05 158.2 144.4 

5/12/05 160.2 146.4 

5/13/05 161.7 147.9 

5/14/05 152.0 138.2 

5/15/05 132.9 119.1 

5/16/05 115.8 102.0 
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EXHIBIT A-2 
Summary Table of Year 2005 Flow in Fox River with Simulated Lake Michigan Water Supply 

Date 
River Average Daily Flow at WWTP 
without Lake Michigan Supply (cfs) 

River Average Daily Flow at WWTP 
with Lake Michigan Supply (cfs) 

5/17/05 98.5 85.0 

5/18/05 85.5 72.0 

5/19/05 159.5 145.7 

5/20/05 175.3 161.5 

5/21/05 138.7 125.0 

5/22/05 113.6 100.0 

5/23/05 99.0 85.2 

5/24/05 89.6 76.0 

5/25/05 79.6 66.0 

5/26/05 71.6 58.0 

5/27/05 72.8 59.0 

5/28/05 66.1 53.0 

5/29/05 62.2 50.0 

5/30/05 57.9 45.0 

5/31/05 58.4 45.0 

6/1/05 59.4 46.0 

6/2/05 54.1 41.0 

6/3/05 51.1 38.0 

6/4/05 50.8 38.0 

6/5/05 61.3 48.0 

6/6/05 56.8 43.0 

6/7/05 52.7 39.0 

6/8/05 50.7 37.0 

6/9/05 50.6 37.0 

6/10/05 49.3 36.0 

6/11/05 43.6 31.0 

6/12/05 42.5 30.0 

6/13/05 46.1 33.0 

6/14/05 45.9 33.0 

6/15/05 46.8 34.0 

6/16/05 47.6 35.0 

6/17/05 43.6 31.0 

6/18/05 36.7 25.0 

6/19/05 35.4 24.0 
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EXHIBIT A-2 
Summary Table of Year 2005 Flow in Fox River with Simulated Lake Michigan Water Supply 

Date 
River Average Daily Flow at WWTP 
without Lake Michigan Supply (cfs) 

River Average Daily Flow at WWTP 
with Lake Michigan Supply (cfs) 

6/20/05 37.2 24.0 

6/21/05 36.3 24.0 

6/22/05 34.0 22.0 

6/23/05 34.3 22.0 

6/24/05 34.2 22.0 

6/25/05 36.9 25.0 

6/26/05 66.9 54.0 

6/27/05 56.7 44.0 

6/28/05 47.6 35.0 

6/29/05 40.3 28.0 

6/30/05 49.1 36.0 

7/1/05 47.4 36.0 

7/2/05 39.2 28.0 

7/3/05 40.5 30.0 

7/4/05 50.8 39.0 

7/5/05 52.1 40.0 

7/6/05 47.0 35.0 

7/7/05 43.1 31.0 

7/8/05 41.6 30.0 

7/9/05 38.3 27.0 

7/10/05 33.6 22.0 

7/11/05 33.5 21.0 

7/12/05 35.9 23.0 

7/13/05 40.8 28.0 

7/14/05 39.7 27.0 

7/15/05 36.2 24.0 

7/16/05 33.3 22.0 

7/17/05 31.4 20.0 

7/18/05 33.0 21.0 

7/19/05 31.8 20.0 

7/20/05 45.7 33.0 

7/21/05 59.1 46.0 

7/22/05 61.3 49.0 

7/23/05 66.6 54.0 
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EXHIBIT A-2 
Summary Table of Year 2005 Flow in Fox River with Simulated Lake Michigan Water Supply 

Date 
River Average Daily Flow at WWTP 
without Lake Michigan Supply (cfs) 

River Average Daily Flow at WWTP 
with Lake Michigan Supply (cfs) 

7/24/05 70.3 58.0 

7/25/05 55.2 42.0 

7/26/05 75.5 61.7 

7/27/05 58.6 46.0 

7/28/05 47.4 35.0 

7/29/05 40.1 28.0 

7/30/05 35.6 24.0 

7/31/05 35.4 24.0 

8/1/05 34.3 24.0 

8/2/05 33.2 20.0 

8/3/05 30.6 18.0 

8/4/05 32.2 20.0 

8/5/05 29.8 18.0 

8/6/05 26.2 15.0 

8/7/05 27.1 16.0 

8/8/05 31.2 20.0 

8/9/05 30.5 18.0 

8/10/05 28.0 16.0 

8/11/05 30.2 18.0 

8/12/05 44.5 32.0 

8/13/05 38.5 27.0 

8/14/05 34.4 23.0 

8/15/05 34.4 22.0 

8/16/05 32.7 20.0 

8/17/05 29.5 17.0 

8/18/05 46.5 33.0 

8/19/05 44.6 32.0 

8/20/05 41.9 30.0 

8/21/05 38.5 27.0 

8/22/05 36.1 24.0 

8/23/05 30.1 20.0 

8/24/05 32.0 20.0 

8/25/05 31.8 20.0 

8/26/05 33.0 21.0 
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EXHIBIT A-2 
Summary Table of Year 2005 Flow in Fox River with Simulated Lake Michigan Water Supply 

Date 
River Average Daily Flow at WWTP 
without Lake Michigan Supply (cfs) 

River Average Daily Flow at WWTP 
with Lake Michigan Supply (cfs) 

8/27/05 59.7 47.0 

8/28/05 40.7 29.0 

8/29/05 34.0 22.0 

8/30/05 33.1 21.0 

8/31/05 36.2 24.0 

9/1/05 37.1 25.0 

9/2/05 33.7 22.0 

9/3/05 27.0 16.0 

9/4/05 28.1 17.0 

9/5/05 27.5 15.0 

9/6/05 27.7 16.0 

9/7/05 28.9 17.0 

9/8/05 28.9 17.0 

9/9/05 28.7 17.0 

9/10/05 29.5 18.0 

9/11/05 29.6 18.0 

9/12/05 29.8 18.0 

9/13/05 39.8 27.0 

9/14/05 34.3 22.0 

9/15/05 29.6 18.0 

9/16/05 30.3 19.0 

9/17/05 31.2 20.0 

9/18/05 28.4 17.0 

9/19/05 38.3 25.0 

9/20/05 36.6 24.0 

9/21/05 32.9 20.0 

9/22/05 85.6 71.8 

9/23/05 61.7 49.0 

9/24/05 36.8 25.0 

9/25/05 81.7 68.0 

9/26/05 158.9 145.1 

9/27/05 104.2 91.0 

9/28/05 64.9 52.0 

9/29/05 52.3 40.0 
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EXHIBIT A-2 
Summary Table of Year 2005 Flow in Fox River with Simulated Lake Michigan Water Supply 

Date 
River Average Daily Flow at WWTP 
without Lake Michigan Supply (cfs) 

River Average Daily Flow at WWTP 
with Lake Michigan Supply (cfs) 

9/30/05 45.0 33.0 

10/1/05 40.6 29.0 

10/2/05 36.8 25.0 

10/3/05 36.1 26.0 

10/4/05 35.0 23.0 

10/5/05 35.1 23.0 

10/6/05 39.1 27.0 

10/7/05 36.7 25.0 

10/8/05 33.7 22.0 

10/9/05 32.6 21.0 

10/10/05 34.1 22.0 

10/11/05 33.9 22.0 

10/12/05 32.9 21.0 

10/13/05 31.9 20.0 

10/14/05 32.7 21.0 

10/15/05 30.4 19.0 

10/16/05 31.6 20.0 

10/17/05 33.7 21.0 

10/18/05 34.3 22.0 

10/19/05 31.2 19.0 

10/20/05 30.3 18.0 

10/21/05 29.7 18.0 

10/22/05 29.4 18.0 

10/23/05 34.7 23.0 

10/24/05 33.9 22.0 

10/25/05 31.6 20.0 

10/26/05 32.8 21.0 

10/27/05 32.7 21.0 

10/28/05 31.6 20.0 

10/29/05 30.0 19.0 

10/30/05 28.1 17.0 

10/31/05 31.1 19.0 

11/1/05 31.5 19.0 

11/2/05 27.8 18.0 
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EXHIBIT A-2 
Summary Table of Year 2005 Flow in Fox River with Simulated Lake Michigan Water Supply 

Date 
River Average Daily Flow at WWTP 
without Lake Michigan Supply (cfs) 

River Average Daily Flow at WWTP 
with Lake Michigan Supply (cfs) 

11/3/05 29.5 18.0 

11/4/05 30.4 19.0 

11/5/05 90.6 77.0 

11/6/05 232.9 219.1 

11/7/05 146.9 133.1 

11/8/05 94.4 81.0 

11/9/05 66.4 54.0 

11/10/05 57.0 45.0 

11/11/05 50.6 39.0 

11/12/05 52.7 41.0 

11/13/05 57.4 45.0 

11/14/05 58.3 45.0 

11/15/05 63.9 50.1 

11/16/05 91.2 77.4 

11/17/05 79.5 66.0 

11/18/05 69.7 57.0 

11/19/05 60.2 48.0 

11/20/05 56.0 44.0 

11/21/05 54.6 42.0 

11/22/05 52.4 40.0 

11/23/05 51.7 39.7 

11/24/05 49.7 37.6 

11/25/05 47.7 35.7 

11/26/05 48.0 36.0 

11/27/05 60.4 48.0 

11/28/05 117.5 104.0 

11/29/05 121.0 108.0 

11/30/05 95.9 83.0 

12/1/05 77.7 65.0 

12/2/05 61.6 49.5 

12/3/05 65.2 53.2 

12/4/05 57.2 45.1 

12/5/05 53.1 41.1 

12/6/05 47.2 35.2 
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EXHIBIT A-2 
Summary Table of Year 2005 Flow in Fox River with Simulated Lake Michigan Water Supply 

Date 
River Average Daily Flow at WWTP 
without Lake Michigan Supply (cfs) 

River Average Daily Flow at WWTP 
with Lake Michigan Supply (cfs) 

12/7/05 44.1 32.0 

12/8/05 43.9 31.9 

12/9/05 43.0 30.9 

12/10/05 43.0 31.0 

12/11/05 42.9 30.8 

12/12/05 43.4 31.3 

12/13/05 43.2 31.2 

12/14/05 44.5 32.5 

12/15/05 45.0 33.0 

12/16/05 46.8 34.8 

12/17/05 45.9 33.9 

12/18/05 44.8 32.7 

12/19/05 43.5 31.5 

12/20/05 42.5 30.5 

12/21/05 41.7 29.6 

12/22/05 44.3 32.3 

12/23/05 49.9 37.0 

12/24/05 55.0 43.0 

12/25/05 56.8 46.0 

12/26/05 59.0 47.0 

12/27/05 61.1 49.0 

12/28/05 66.3 54.0 

12/29/05 69.3 57.0 

12/30/05 70.2 58.0 

12/31/05 74.3 62.0 
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EXHIBIT A-3 
Summary Table of Year 2008 Flow in Underwood Creek with Simulated Return Flow 

Date 
Creek Average Day Flow 
without Return Flow (cfs) 

Average Day 
Return Flow (cfs) 

Creek Average Day Flow 
with Return Flow (cfs) 

1/1/08 5.4 10.7 16.1 

1/2/08 5.3 10.7 16.0 

1/3/08 5.2 10.7 15.9 

1/4/08 4.9 10.7 15.6 

1/5/08 9.0 10.7 19.7 

1/6/08 24.0 12.3 36.3 

1/7/08 57.0 12.3 69.3 

1/8/08 73.0 12.3 85.3 

1/9/08 46.0 12.3 58.3 

1/10/08 28.0 12.3 40.3 

1/11/08 29.0 12.3 41.3 

1/12/08 20.0 12.3 32.3 

1/13/08 19.0 12.3 31.3 

1/14/08 14.0 12.3 26.3 

1/15/08 12.0 12.3 24.3 

1/16/08 10.0 12.3 22.3 

1/17/08 10.0 12.3 22.3 

1/18/08 8.6 12.3 20.9 

1/19/08 8.0 10.7 18.7 

1/20/08 7.8 10.7 18.5 

1/21/08 7.3 10.7 18.0 

1/22/08 7.1 10.7 17.8 

1/23/08 6.7 10.7 17.4 

1/24/08 6.6 10.7 17.3 

1/25/08 6.7 10.7 17.4 

1/26/08 7.7 10.7 18.4 

1/27/08 8.9 10.7 19.6 

1/28/08 15.0 10.7 25.7 

1/29/08 30.0 10.7 40.7 

1/30/08 15.0 10.7 25.7 

1/31/08 12.0 10.7 22.7 

2/1/08 9.0 10.7 19.7 

2/2/08 8.0 10.7 18.7 

2/3/08 7.0 10.7 17.7 
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EXHIBIT A-3 
Summary Table of Year 2008 Flow in Underwood Creek with Simulated Return Flow 

Date 
Creek Average Day Flow 
without Return Flow (cfs) 

Average Day 
Return Flow (cfs) 

Creek Average Day Flow 
with Return Flow (cfs) 

2/4/08 38.0 12.3 50.3 

2/5/08 19.0 12.3 31.3 

2/6/08 10.0 12.3 22.3 

2/7/08 8.6 12.3 20.9 

2/8/08 7.7 10.7 18.4 

2/9/08 7.3 10.7 18.0 

2/10/08 6.0 10.7 16.7 

2/11/08 5.6 10.7 16.3 

2/12/08 5.4 10.7 16.1 

2/13/08 5.3 10.7 16.0 

2/14/08 5.3 10.7 16.0 

2/15/08 5.2 10.7 15.9 

2/16/08 5.2 10.7 15.9 

2/17/08 80.0 10.7 90.7 

2/18/08 36.0 10.7 46.7 

2/19/08 19.0 10.7 29.7 

2/20/08 14.0 10.7 24.7 

2/21/08 11.0 10.7 21.7 

2/22/08 9.8 10.7 20.5 

2/23/08 9.2 10.7 19.9 

2/24/08 8.9 10.7 19.6 

2/25/08 8.7 10.7 19.4 

2/26/08 8.0 10.7 18.7 

2/27/08 7.8 10.7 18.5 

2/28/08 7.7 10.7 18.4 

2/29/08 8.3 10.7 19.0 

3/1/08 7.8 10.7 18.5 

3/2/08 21.0 12.3 33.3 

3/3/08 81.0 12.3 93.3 

3/4/08 32.0 12.3 44.3 

3/5/08 24.0 12.3 36.3 

3/6/08 19.0 12.3 31.3 

3/7/08 14.0 10.7 24.7 

3/8/08 12.0 10.7 22.7 
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EXHIBIT A-3 
Summary Table of Year 2008 Flow in Underwood Creek with Simulated Return Flow 

Date 
Creek Average Day Flow 
without Return Flow (cfs) 

Average Day 
Return Flow (cfs) 

Creek Average Day Flow 
with Return Flow (cfs) 

3/9/08 11.0 10.7 21.7 

3/10/08 11.0 10.7 21.7 

3/11/08 14.0 12.3 26.3 

3/12/08 18.0 12.3 30.3 

3/13/08 55.0 12.3 67.3 

3/14/08 73.0 12.3 85.3 

3/15/08 58.0 12.3 70.3 

3/16/08 43.0 12.3 55.3 

3/17/08 32.0 12.3 44.3 

3/18/08 41.0 12.3 53.3 

3/19/08 44.0 12.3 56.3 

3/20/08 41.0 12.3 53.3 

3/21/08 32.0 12.3 44.3 

3/22/08 36.0 12.3 48.3 

3/23/08 33.0 12.3 45.3 

3/24/08 30.0 12.3 42.3 

3/25/08 57.0 12.3 69.3 

3/26/08 76.0 12.3 88.3 

3/27/08 66.0 12.3 78.3 

3/28/08 43.0 12.3 55.3 

3/29/08 33.0 12.3 45.3 

3/30/08 29.0 12.3 41.3 

3/31/08 143.0 12.3 155.3 

4/1/08 87.0 12.3 99.3 

4/2/08 49.0 12.3 61.3 

4/3/08 41.0 12.3 53.3 

4/4/08 49.0 12.3 61.3 

4/5/08 35.0 12.3 47.3 

4/6/08 28.0 12.3 40.3 

4/7/08 24.0 12.3 36.3 

4/8/08 106.0 12.3 118.3 

4/9/08 111.0 12.3 123.3 

4/10/08 227.0 12.3 239.3 

4/11/08 195.0 12.3 207.3 



RESPONSES REGARDING RETURN FLOW 

26 

EXHIBIT A-3 
Summary Table of Year 2008 Flow in Underwood Creek with Simulated Return Flow 

Date 
Creek Average Day Flow 
without Return Flow (cfs) 

Average Day 
Return Flow (cfs) 

Creek Average Day Flow 
with Return Flow (cfs) 

4/12/08 88.0 12.3 100.3 

4/13/08 55.0 12.3 67.3 

4/14/08 38.0 12.3 50.3 

4/15/08 30.0 12.3 42.3 

4/16/08 25.0 12.3 37.3 

4/17/08 21.0 12.3 33.3 

4/18/08 19.0 12.3 31.3 

4/19/08 17.0 12.3 29.3 

4/20/08 16.0 12.3 28.3 

4/21/08 15.0 12.3 27.3 

4/22/08 14.0 12.3 26.3 

4/23/08 14.0 12.3 26.3 

4/24/08 18.0 12.3 30.3 

4/25/08 105.0 12.3 117.3 

4/26/08 72.0 12.3 84.3 

4/27/08 35.0 12.3 47.3 

4/28/08 24.0 12.3 36.3 

4/29/08 19.0 12.3 31.3 

4/30/08 16.0 12.3 28.3 

5/1/08 15.0 12.3 27.3 

5/2/08 30.0 12.3 42.3 

5/3/08 27.0 12.3 39.3 

5/4/08 17.0 12.3 29.3 

5/5/08 14.0 12.3 26.3 

5/6/08 12.0 12.3 24.3 

5/7/08 11.0 12.3 23.3 

5/8/08 12.0 12.3 24.3 

5/9/08 12.0 12.3 24.3 

5/10/08 8.7 12.3 21.0 

5/11/08 22.0 12.3 34.3 

5/12/08 11.0 12.3 23.3 

5/13/08 9.0 12.3 21.3 

5/14/08 8.5 12.3 20.8 

5/15/08 7.7 12.3 20.0 
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EXHIBIT A-3 
Summary Table of Year 2008 Flow in Underwood Creek with Simulated Return Flow 

Date 
Creek Average Day Flow 
without Return Flow (cfs) 

Average Day 
Return Flow (cfs) 

Creek Average Day Flow 
with Return Flow (cfs) 

5/16/08 7.4 12.3 19.7 

5/17/08 7.0 12.3 19.3 

5/18/08 6.6 12.3 18.9 

5/19/08 6.4 12.3 18.7 

5/20/08 6.3 12.3 18.6 

5/21/08 6.1 12.3 18.4 

5/22/08 5.9 12.3 18.2 

5/23/08 5.6 12.3 17.9 

5/24/08 5.6 12.3 17.9 

5/25/08 10.0 12.3 22.3 

5/26/08 20.0 12.3 32.3 

5/27/08 6.0 12.3 18.3 

5/28/08 5.3 12.3 17.6 

5/29/08 5.1 12.3 17.4 

5/30/08 40.0 12.3 52.3 

5/31/08 9.4 12.3 21.7 

6/1/08 6.4 12.3 18.7 

6/2/08 5.6 12.3 17.9 

6/3/08 5.3 12.3 17.6 

6/4/08 5.4 12.3 17.7 

6/5/08 82.0 12.3 94.3 

6/6/08 23.0 12.3 35.3 

6/7/08 918.0 9.2 927.2 

6/8/08 1350.0 0.0 1350.0 

6/9/08 573.0 10.8 583.8 

6/10/08 176.0 12.3 188.3 

6/11/08 65.0 12.3 77.3 

6/12/08 69.0 12.3 81.3 

6/13/08 283.0 12.3 295.3 

6/14/08 103.0 12.3 115.3 

6/15/08 49.0 12.3 61.3 

6/16/08 32.0 12.3 44.3 

6/17/08 24.0 12.3 36.3 

6/18/08 19.0 12.3 31.3 
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EXHIBIT A-3 
Summary Table of Year 2008 Flow in Underwood Creek with Simulated Return Flow 

Date 
Creek Average Day Flow 
without Return Flow (cfs) 

Average Day 
Return Flow (cfs) 

Creek Average Day Flow 
with Return Flow (cfs) 

6/19/08 16.0 12.3 28.3 

6/20/08 14.0 12.3 26.3 

6/21/08 13.0 12.3 25.3 

6/22/08 26.0 12.3 38.3 

6/23/08 17.0 12.3 29.3 

6/24/08 13.0 12.3 25.3 

6/25/08 12.0 12.3 24.3 

6/26/08 11.0 12.3 23.3 

6/27/08 13.0 12.3 25.3 

6/28/08 16.0 12.3 28.3 

6/29/08 11.0 12.3 23.3 

6/30/08 8.4 12.3 20.7 

7/1/08 7.7 12.3 20.0 

7/2/08 17.0 12.3 29.3 

7/3/08 9.5 12.3 21.8 

7/4/08 7.2 12.3 19.5 

7/5/08 6.5 12.3 18.8 

7/6/08 6.0 12.3 18.3 

7/7/08 50.0 12.3 62.3 

7/8/08 41.0 12.3 53.3 

7/9/08 11.0 12.3 23.3 

7/10/08 15.0 12.3 27.3 

7/11/08 26.0 12.3 38.3 

7/12/08 26.0 12.3 38.3 

7/13/08 10.0 12.3 22.3 

7/14/08 7.8 12.3 20.1 

7/15/08 6.4 12.3 18.7 

7/16/08 11.0 12.3 23.3 

7/17/08 7.2 12.3 19.5 

7/18/08 6.2 12.3 18.5 

7/19/08 21.0 12.3 33.3 

7/20/08 16.0 12.3 28.3 

7/21/08 7.6 12.3 19.9 

7/22/08 6.7 12.3 19.0 
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EXHIBIT A-3 
Summary Table of Year 2008 Flow in Underwood Creek with Simulated Return Flow 

Date 
Creek Average Day Flow 
without Return Flow (cfs) 

Average Day 
Return Flow (cfs) 

Creek Average Day Flow 
with Return Flow (cfs) 

7/23/08 5.4 12.3 17.7 

7/24/08 4.4 12.3 16.7 

7/25/08 4.2 12.3 16.5 

7/26/08 4.0 12.3 16.3 

7/27/08 3.7 12.3 16.0 

7/28/08 3.5 12.3 15.8 

7/29/08 3.5 12.3 15.8 

7/30/08 3.4 12.3 15.7 

7/31/08 3.3 12.3 15.6 

8/1/08 3.7 12.3 16.0 

8/2/08 3.2 12.3 15.5 

8/3/08 3.1 12.3 15.4 

8/4/08 51.0 12.3 63.3 

8/5/08 7.1 12.3 19.4 

8/6/08 4.6 12.3 16.9 

8/7/08 3.8 12.3 16.1 

8/8/08 3.6 12.3 15.9 

8/9/08 14.0 12.3 26.3 

8/10/08 5.8 12.3 18.1 

8/11/08 4.1 12.3 16.4 

8/12/08 3.8 12.3 16.1 

8/13/08 12.0 12.3 24.3 

8/14/08 8.9 12.3 21.2 

8/15/08 5.6 12.3 17.9 

8/16/08 4.1 12.3 16.4 

8/17/08 5.5 12.3 17.8 

8/18/08 3.4 12.3 15.7 

8/19/08 3.3 12.3 15.6 

8/20/08 3.4 12.3 15.7 

8/21/08 3.5 12.3 15.8 

8/22/08 3.4 12.3 15.7 

8/23/08 3.8 12.3 16.1 

8/24/08 3.4 12.3 15.7 

8/25/08 3.3 12.3 15.6 



RESPONSES REGARDING RETURN FLOW 

30 

EXHIBIT A-3 
Summary Table of Year 2008 Flow in Underwood Creek with Simulated Return Flow 

Date 
Creek Average Day Flow 
without Return Flow (cfs) 

Average Day 
Return Flow (cfs) 

Creek Average Day Flow 
with Return Flow (cfs) 

8/26/08 3.1 12.3 15.4 

8/27/08 3.1 12.3 15.4 

8/28/08 3.0 12.3 15.3 

8/29/08 3.3 12.3 15.6 

8/30/08 2.8 12.3 15.1 

8/31/08 2.6 12.3 14.9 

9/1/08 2.6 12.3 14.9 

9/2/08 2.5 11.5 14.0 

9/3/08 7.8 12.3 20.1 

9/4/08 78.0 12.3 90.3 

9/5/08 25.0 12.3 37.3 

9/6/08 8.8 12.3 21.1 

9/7/08 5.2 12.3 17.5 

9/8/08 9.8 12.3 22.1 

9/9/08 5.3 12.3 17.6 

9/10/08 3.9 12.3 16.2 

9/11/08 3.5 12.3 15.8 

9/12/08 3.3 12.3 15.6 

9/13/08 43.0 12.3 55.3 

9/14/08 47.0 12.3 59.3 

9/15/08 16.0 12.3 28.3 

9/16/08 8.0 12.3 20.3 

9/17/08 5.9 12.3 18.2 

9/18/08 4.8 12.3 17.1 

9/19/08 4.3 12.3 16.6 

9/20/08 3.9 12.3 16.2 

9/21/08 3.6 12.3 15.9 

9/22/08 3.5 12.3 15.8 

9/23/08 3.3 12.3 15.6 

9/24/08 3.6 12.3 15.9 

9/25/08 3.2 12.3 15.5 

9/26/08 3.1 12.0 15.1 

9/27/08 2.9 12.3 15.2 

9/28/08 2.9 12.3 15.2 
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EXHIBIT A-3 
Summary Table of Year 2008 Flow in Underwood Creek with Simulated Return Flow 

Date 
Creek Average Day Flow 
without Return Flow (cfs) 

Average Day 
Return Flow (cfs) 

Creek Average Day Flow 
with Return Flow (cfs) 

9/29/08 3.8 12.3 16.1 

9/30/08 4.2 12.3 16.5 

10/1/08 4.1 12.3 16.4 

10/2/08 4.0 12.3 16.3 

10/3/08 3.5 12.2 15.7 

10/4/08 2.6 12.3 14.9 

10/5/08 25.0 12.3 37.3 

10/6/08 10.0 12.3 22.3 

10/7/08 29.0 12.3 41.3 

10/8/08 21.0 12.3 33.3 

10/9/08 8.3 12.3 20.6 

10/10/08 5.5 12.3 17.8 

10/11/08 4.0 12.3 16.3 

10/12/08 3.5 12.3 15.8 

10/13/08 3.2 12.3 15.5 

10/14/08 3.1 12.3 15.4 

10/15/08 7.8 12.3 20.1 

10/16/08 4.3 12.3 16.6 

10/17/08 3.6 12.3 15.9 

10/18/08 3.3 12.3 15.6 

10/19/08 3.0 12.3 15.3 

10/20/08 7.9 12.3 20.2 

10/21/08 3.8 12.3 16.1 

10/22/08 3.2 12.3 15.5 

10/23/08 3.0 12.3 15.3 

10/24/08 5.4 10.7 16.1 

10/25/08 18.0 10.7 28.7 

10/26/08 7.0 10.7 17.7 

10/27/08 5.0 10.7 15.7 

10/28/08 4.1 10.7 14.8 

10/29/08 3.4 10.7 14.1 

10/30/08 2.9 12.3 15.2 

10/31/08 2.8 12.3 15.1 

11/1/08 2.6 12.3 14.9 
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EXHIBIT A-3 
Summary Table of Year 2008 Flow in Underwood Creek with Simulated Return Flow 

Date 
Creek Average Day Flow 
without Return Flow (cfs) 

Average Day 
Return Flow (cfs) 

Creek Average Day Flow 
with Return Flow (cfs) 

11/2/08 2.7 12.3 15.0 

11/3/08 2.8 12.3 15.1 

11/4/08 2.8 12.3 15.1 

11/5/08 2.6 12.3 14.9 

11/6/08 5.0 12.3 17.3 

11/7/08 3.4 12.3 15.7 

11/8/08 3.8 12.3 16.1 

11/9/08 3.6 12.3 15.9 

11/10/08 3.5 12.3 15.8 

11/11/08 9.3 12.3 21.6 

11/12/08 12.0 12.3 24.3 

11/13/08 8.1 12.3 20.4 

11/14/08 18.0 12.3 30.3 

11/15/08 5.7 12.3 18.0 

11/16/08 4.2 12.3 16.5 

11/17/08 3.7 12.3 16.0 

11/18/08 4.0 12.3 16.3 

11/19/08 4.8 12.3 17.1 

11/20/08 3.9 12.3 16.2 

11/21/08 2.7 12.3 15.0 

11/22/08 2.9 12.3 15.2 

11/23/08 2.7 12.3 15.0 

11/24/08 4.6 12.3 16.9 

11/25/08 3.4 12.3 15.7 

11/26/08 3.2 12.3 15.5 

11/27/08 3.0 12.3 15.3 

11/28/08 2.8 12.1 14.9 

11/29/08 2.7 12.3 15.0 

11/30/08 3.5 12.3 15.8 

12/1/08 6.5 12.3 18.8 

12/2/08 5.2 12.3 17.5 

12/3/08 6.2 12.3 18.5 

12/4/08 3.7 12.3 16.0 

12/5/08 3.9 12.3 16.2 
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EXHIBIT A-3 
Summary Table of Year 2008 Flow in Underwood Creek with Simulated Return Flow 

Date 
Creek Average Day Flow 
without Return Flow (cfs) 

Average Day 
Return Flow (cfs) 

Creek Average Day Flow 
with Return Flow (cfs) 

12/6/08 4.2 12.3 16.5 

12/7/08 3.9 12.3 16.2 

12/8/08 4.2 12.3 16.5 

12/9/08 6.5 12.3 18.8 

12/10/08 5.2 12.3 17.5 

12/11/08 4.8 12.3 17.1 

12/12/08 5.7 12.3 18.0 

12/13/08 7.2 12.3 19.5 

12/14/08 43.0 12.3 55.3 

12/15/08 25.0 12.3 37.3 

12/16/08 12.0 12.3 24.3 

12/17/08 7.3 10.7 18.0 

12/18/08 6.7 10.7 17.4 

12/19/08 6.6 10.7 17.3 

12/20/08 6.4 10.7 17.1 

12/21/08 6.2 10.7 16.9 

12/22/08 6.0 10.7 16.7 

12/23/08 5.9 10.7 16.6 

12/24/08 5.8 10.7 16.5 

12/25/08 5.8 10.7 16.5 

12/26/08 6.4 10.7 17.1 

12/27/08 110.0 10.7 120.7 

12/28/08 96.0 12.3 108.3 

12/29/08 45.0 12.3 57.3 

12/30/08 24.0 12.3 36.3 

12/31/08 18.0 12.3 30.3 
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EXHIBIT A-4 
Summary Table of Year 2008 Flow in Fox River with Simulated Lake Michigan Water Supply 

Date 
River Average Daily Flow at WWTP 
without Lake Michigan Supply (cfs) 

River Average Daily Flow at WWTP 
with Lake Michigan Supply (cfs) 

1/1/08 105.7 95.0 

1/2/08 85.8 75.1 

1/3/08 87.5 76.8 

1/4/08 84.1 73.4 

1/5/08 90.0 79.3 

1/6/08 131.7 119.4 

1/7/08 267.3 255.0 

1/8/08 446.3 434.0 

1/9/08 505.6 493.3 

1/10/08 469.4 457.1 

1/11/08 443.9 431.6 

1/12/08 412.9 400.6 

1/13/08 375.8 363.5 

1/14/08 337.2 324.9 

1/15/08 281.4 269.1 

1/16/08 253.2 240.9 

1/17/08 226.8 214.5 

1/18/08 181.6 169.3 

1/19/08 160.5 149.8 

1/20/08 125.8 115.1 

1/21/08 105.6 94.9 

1/22/08 99.4 88.7 

1/23/08 91.2 80.5 

1/24/08 85.1 74.4 

1/25/08 89.9 79.2 

1/26/08 94.6 83.9 

1/27/08 100.8 90.1 

1/28/08 106.6 95.9 

1/29/08 143.3 132.6 

1/30/08 145.6 134.9 

1/31/08 115.3 104.6 

2/1/08 100.9 90.2 

2/2/08 98.8 88.1 

2/3/08 104.7 94.0 
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EXHIBIT A-4 
Summary Table of Year 2008 Flow in Fox River with Simulated Lake Michigan Water Supply 

Date 
River Average Daily Flow at WWTP 
without Lake Michigan Supply (cfs) 

River Average Daily Flow at WWTP 
with Lake Michigan Supply (cfs) 

2/4/08 128.9 116.6 

2/5/08 147.6 135.3 

2/6/08 141.5 129.2 

2/7/08 126.7 114.4 

2/8/08 133.0 122.4 

2/9/08 134.8 124.1 

2/10/08 111.5 100.8 

2/11/08 105.2 94.5 

2/12/08 102.1 91.4 

2/13/08 99.2 88.5 

2/14/08 98.0 87.3 

2/15/08 98.5 87.8 

2/16/08 104.1 93.4 

2/17/08 219.2 208.5 

2/18/08 259.2 248.5 

2/19/08 236.1 225.4 

2/20/08 232.4 221.7 

2/21/08 201.2 190.5 

2/22/08 192.9 182.2 

2/23/08 179.7 169.0 

2/24/08 173.5 162.8 

2/25/08 168.6 157.9 

2/26/08 163.4 152.7 

2/27/08 159.2 148.5 

2/28/08 153.9 143.3 

2/29/08 150.1 139.4 

3/1/08 142.9 132.2 

3/2/08 153.0 140.7 

3/3/08 302.5 290.2 

3/4/08 330.3 318.0 

3/5/08 308.3 296.0 

3/6/08 289.8 277.5 

3/7/08 262.3 251.6 

3/8/08 226.0 215.3 
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EXHIBIT A-4 
Summary Table of Year 2008 Flow in Fox River with Simulated Lake Michigan Water Supply 

Date 
River Average Daily Flow at WWTP 
without Lake Michigan Supply (cfs) 

River Average Daily Flow at WWTP 
with Lake Michigan Supply (cfs) 

3/9/08 205.5 194.8 

3/10/08 189.1 178.4 

3/11/08 185.8 173.5 

3/12/08 193.2 180.9 

3/13/08 241.9 229.6 

3/14/08 383.1 370.8 

3/15/08 458.0 445.7 

3/16/08 460.6 448.3 

3/17/08 436.8 424.5 

3/18/08 421.3 409.0 

3/19/08 415.0 402.7 

3/20/08 409.7 397.4 

3/21/08 396.1 383.8 

3/22/08 366.5 354.2 

3/23/08 356.0 343.7 

3/24/08 346.0 333.7 

3/25/08 350.4 338.1 

3/26/08 425.1 412.8 

3/27/08 489.1 476.8 

3/28/08 483.1 470.8 

3/29/08 443.0 430.7 

3/30/08 411.5 399.2 

3/31/08 508.0 495.7 

4/1/08 639.1 626.8 

4/2/08 597.1 584.8 

4/3/08 510.2 497.9 

4/4/08 479.8 467.5 

4/5/08 447.4 435.1 

4/6/08 406.9 394.6 

4/7/08 366.9 354.6 

4/8/08 408.6 396.3 

4/9/08 572.3 560.0 

4/10/08 712.7 700.4 

4/11/08 1025.7 1013.4 
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EXHIBIT A-4 
Summary Table of Year 2008 Flow in Fox River with Simulated Lake Michigan Water Supply 

Date 
River Average Daily Flow at WWTP 
without Lake Michigan Supply (cfs) 

River Average Daily Flow at WWTP 
with Lake Michigan Supply (cfs) 

4/12/08 1109.0 1096.7 

4/13/08 949.1 936.8 

4/14/08 737.5 725.2 

4/15/08 571.1 558.8 

4/16/08 475.0 462.7 

4/17/08 417.9 405.6 

4/18/08 372.3 360.0 

4/19/08 332.8 320.5 

4/20/08 302.9 290.6 

4/21/08 274.7 262.4 

4/22/08 256.5 244.2 

4/23/08 239.7 227.4 

4/24/08 225.7 213.4 

4/25/08 421.3 409.0 

4/26/08 600.3 588.0 

4/27/08 563.5 551.2 

4/28/08 559.9 547.6 

4/29/08 514.4 502.1 

4/30/08 434.8 422.5 

5/1/08 369.3 357.0 

5/2/08 335.9 323.6 

5/3/08 320.4 308.1 

5/4/08 295.1 282.8 

5/5/08 267.2 254.9 

5/6/08 238.8 226.5 

5/7/08 210.6 198.3 

5/8/08 194.0 181.7 

5/9/08 198.6 186.3 

5/10/08 205.3 193.0 

5/11/08 220.0 207.7 

5/12/08 221.1 208.8 

5/13/08 206.8 194.5 

5/14/08 199.6 187.3 

5/15/08 188.1 175.8 
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EXHIBIT A-4 
Summary Table of Year 2008 Flow in Fox River with Simulated Lake Michigan Water Supply 

Date 
River Average Daily Flow at WWTP 
without Lake Michigan Supply (cfs) 

River Average Daily Flow at WWTP 
with Lake Michigan Supply (cfs) 

5/16/08 177.6 165.3 

5/17/08 170.0 157.7 

5/18/08 163.8 151.5 

5/19/08 158.8 146.5 

5/20/08 153.9 141.6 

5/21/08 146.5 134.2 

5/22/08 140.3 128.0 

5/23/08 131.8 119.5 

5/24/08 99.0 86.7 

5/25/08 90.5 78.2 

5/26/08 112.8 100.5 

5/27/08 100.8 88.5 

5/28/08 92.5 80.2 

5/29/08 83.6 71.3 

5/30/08 148.9 136.6 

5/31/08 136.6 124.3 

6/1/08 113.1 100.8 

6/2/08 97.4 85.1 

6/3/08 86.7 74.4 

6/4/08 84.5 72.2 

6/5/08 220.2 207.9 

6/6/08 254.4 242.1 

6/7/08 579.2 566.9 

6/8/08 1868.2 1868.2 

6/9/08 2443.0 2443.0 

6/10/08 2340.5 2328.2 

6/11/08 1879.0 1866.7 

6/12/08 1499.4 1487.1 

6/13/08 1812.3 1800.0 

6/14/08 1754.4 1742.1 

6/15/08 1566.0 1553.7 

6/16/08 1301.4 1289.1 

6/17/08 1047.7 1035.4 

6/18/08 834.5 822.2 
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EXHIBIT A-4 
Summary Table of Year 2008 Flow in Fox River with Simulated Lake Michigan Water Supply 

Date 
River Average Daily Flow at WWTP 
without Lake Michigan Supply (cfs) 

River Average Daily Flow at WWTP 
with Lake Michigan Supply (cfs) 

6/19/08 669.7 657.4 

6/20/08 548.4 536.1 

6/21/08 459.3 447.0 

6/22/08 406.9 394.6 

6/23/08 361.1 348.8 

6/24/08 319.8 307.5 

6/25/08 293.1 280.8 

6/26/08 264.4 252.1 

6/27/08 239.6 227.3 

6/28/08 227.7 215.4 

6/29/08 211.0 198.7 

6/30/08 190.7 178.4 

7/1/08 186.9 174.6 

7/2/08 199.9 187.6 

7/3/08 195.4 183.1 

7/4/08 183.3 171.0 

7/5/08 175.1 162.8 

7/6/08 167.1 154.8 

7/7/08 202.8 190.5 

7/8/08 270.7 258.4 

7/9/08 243.0 230.7 

7/10/08 229.1 216.8 

7/11/08 287.5 275.2 

7/12/08 276.3 264.0 

7/13/08 242.5 230.2 

7/14/08 206.8 194.5 

7/15/08 183.4 171.1 

7/16/08 168.0 155.7 

7/17/08 155.9 143.6 

7/18/08 149.3 137.0 

7/19/08 157.0 144.7 

7/20/08 164.9 152.6 

7/21/08 154.0 141.7 

7/22/08 150.6 138.3 
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EXHIBIT A-4 
Summary Table of Year 2008 Flow in Fox River with Simulated Lake Michigan Water Supply 

Date 
River Average Daily Flow at WWTP 
without Lake Michigan Supply (cfs) 

River Average Daily Flow at WWTP 
with Lake Michigan Supply (cfs) 

7/23/08 150.1 137.8 

7/24/08 143.8 131.5 

7/25/08 138.7 126.4 

7/26/08 138.3 126.0 

7/27/08 139.9 127.6 

7/28/08 140.5 128.2 

7/29/08 138.6 126.3 

7/30/08 132.4 120.1 

7/31/08 127.5 115.2 

8/1/08 124.8 112.5 

8/2/08 122.2 109.9 

8/3/08 120.0 107.7 

8/4/08 148.8 136.5 

8/5/08 151.0 138.7 

8/6/08 136.9 124.6 

8/7/08 123.5 111.2 

8/8/08 116.2 103.9 

8/9/08 109.7 97.4 

8/10/08 104.6 92.3 

8/11/08 103.8 91.5 

8/12/08 89.7 77.4 

8/13/08 75.0 62.7 

8/14/08 78.7 66.4 

8/15/08 74.3 62.0 

8/16/08 65.1 52.8 

8/17/08 60.3 48.0 

8/18/08 61.8 49.5 

8/19/08 63.1 50.8 

8/20/08 54.8 42.5 

8/21/08 55.9 43.6 

8/22/08 55.9 43.6 

8/23/08 56.4 44.1 

8/24/08 50.8 38.5 

8/25/08 51.2 38.9 
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EXHIBIT A-4 
Summary Table of Year 2008 Flow in Fox River with Simulated Lake Michigan Water Supply 

Date 
River Average Daily Flow at WWTP 
without Lake Michigan Supply (cfs) 

River Average Daily Flow at WWTP 
with Lake Michigan Supply (cfs) 

8/26/08 50.7 38.4 

8/27/08 47.7 35.4 

8/28/08 46.5 34.2 

8/29/08 46.3 34.0 

8/30/08 44.5 32.2 

8/31/08 37.8 25.5 

9/1/08 35.8 23.5 

9/2/08 35.5 24.0 

9/3/08 41.7 29.4 

9/4/08 104.7 92.4 

9/5/08 154.0 141.7 

9/6/08 102.2 89.9 

9/7/08 77.1 64.8 

9/8/08 74.1 61.8 

9/9/08 68.8 56.5 

9/10/08 65.8 53.5 

9/11/08 56.4 44.1 

9/12/08 53.8 41.5 

9/13/08 135.7 123.4 

9/14/08 192.8 180.5 

9/15/08 197.2 184.9 

9/16/08 156.2 143.9 

9/17/08 127.4 115.1 

9/18/08 115.0 102.7 

9/19/08 114.7 102.4 

9/20/08 111.3 99.0 

9/21/08 104.3 92.0 

9/22/08 99.7 87.4 

9/23/08 94.4 82.1 

9/24/08 91.4 79.1 

9/25/08 90.0 77.7 

9/26/08 82.0 70.0 

9/27/08 81.5 69.2 

9/28/08 81.4 69.1 
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EXHIBIT A-4 
Summary Table of Year 2008 Flow in Fox River with Simulated Lake Michigan Water Supply 

Date 
River Average Daily Flow at WWTP 
without Lake Michigan Supply (cfs) 

River Average Daily Flow at WWTP 
with Lake Michigan Supply (cfs) 

9/29/08 80.8 68.5 

9/30/08 79.8 67.5 

10/1/08 77.4 65.1 

10/2/08 71.5 59.2 

10/3/08 71.2 59.0 

10/4/08 66.6 54.3 

10/5/08 85.9 73.6 

10/6/08 109.4 97.1 

10/7/08 107.3 95.0 

10/8/08 134.7 122.4 

10/9/08 122.7 110.4 

10/10/08 102.1 89.8 

10/11/08 88.4 76.1 

10/12/08 81.3 69.0 

10/13/08 77.5 65.2 

10/14/08 84.6 72.3 

10/15/08 78.8 66.5 

10/16/08 82.5 70.2 

10/17/08 78.4 66.1 

10/18/08 74.0 61.7 

10/19/08 74.2 61.9 

10/20/08 77.9 65.6 

10/21/08 75.4 63.1 

10/22/08 73.3 61.0 

10/23/08 72.2 59.9 

10/24/08 77.7 67.0 

10/25/08 96.0 85.4 

10/26/08 90.7 80.0 

10/27/08 86.7 76.0 

10/28/08 79.5 68.8 

10/29/08 71.3 60.6 

10/30/08 67.3 55.0 

10/31/08 64.7 52.4 

11/1/08 68.7 56.4 
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EXHIBIT A-4 
Summary Table of Year 2008 Flow in Fox River with Simulated Lake Michigan Water Supply 

Date 
River Average Daily Flow at WWTP 
without Lake Michigan Supply (cfs) 

River Average Daily Flow at WWTP 
with Lake Michigan Supply (cfs) 

11/2/08 69.0 56.7 

11/3/08 67.3 55.0 

11/4/08 63.6 51.3 

11/5/08 66.8 54.5 

11/6/08 79.9 67.6 

11/7/08 70.9 58.6 

11/8/08 71.7 59.4 

11/9/08 71.7 59.4 

11/10/08 70.7 58.4 

11/11/08 71.0 58.7 

11/12/08 82.3 70.0 

11/13/08 91.7 79.4 

11/14/08 108.8 96.5 

11/15/08 95.2 82.9 

11/16/08 85.5 73.2 

11/17/08 78.4 66.1 

11/18/08 75.5 63.2 

11/19/08 80.4 68.1 

11/20/08 76.4 64.1 

11/21/08 60.6 48.3 

11/22/08 68.3 56.0 

11/23/08 64.7 52.4 

11/24/08 70.8 58.5 

11/25/08 71.4 59.1 

11/26/08 68.9 56.6 

11/27/08 61.3 49.0 

11/28/08 61.1 49.0 

11/29/08 62.3 50.0 

11/30/08 65.8 53.5 

12/1/08 61.8 49.5 

12/2/08 67.9 55.6 

12/3/08 75.2 62.9 

12/4/08 63.9 51.6 

12/5/08 64.7 52.4 
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EXHIBIT A-4 
Summary Table of Year 2008 Flow in Fox River with Simulated Lake Michigan Water Supply 

Date 
River Average Daily Flow at WWTP 
without Lake Michigan Supply (cfs) 

River Average Daily Flow at WWTP 
with Lake Michigan Supply (cfs) 

12/6/08 62.7 50.4 

12/7/08 62.9 50.6 

12/8/08 64.4 52.1 

12/9/08 66.4 54.1 

12/10/08 64.4 52.1 

12/11/08 63.0 50.7 

12/12/08 62.7 50.4 

12/13/08 62.5 50.2 

12/14/08 98.1 85.8 

12/15/08 183.1 170.8 

12/16/08 181.1 168.8 

12/17/08 105.2 94.6 

12/18/08 92.8 82.2 

12/19/08 83.9 73.2 

12/20/08 77.3 66.6 

12/21/08 70.0 59.3 

12/22/08 69.1 58.4 

12/23/08 68.1 57.4 

12/24/08 67.0 56.3 

12/25/08 64.7 54.0 

12/26/08 79.9 69.2 

12/27/08 288.9 278.2 

12/28/08 485.8 473.5 

12/29/08 536.0 523.7 

12/30/08 418.1 405.8 

12/31/08 329.9 317.6 
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T E C H N I C A L  M E M O R A N D U M    
 

Addendum to Underwood Creek Fisheries Analysis  
PREPARED FOR: Waukesha Water Utility 

PREPARED BY: CH2M HILL 

DATE: March 8, 2011 

 
This memorandum expands on the analysis included in Appendix L of the Application1

As described in Appendix L, an analysis was conducted of potential changes in Underwood 
Creek with an increase of flow from return flow. The analysis found that the estimated 
increase in water surface elevation with a return flow of 20 cubic feet per second (ft3/sec) 
was 0.78 foot at 2 cross section survey sites (Appendix L). The estimated average velocity at 
base flow for these locations was 0.85 foot per second (ft/sec). With a return flow range of 
11.6 to 20 ft3/sec, the estimated velocities increase to 1.11 to 1.32 ft/sec. The flow difference 
in Underwood Creek with and without return flow is shown in graphical and tabular 
format within the response to the WDNR’s December 2, 2010 letter question RF2 (Fox River 
and Underwood Creek Flow Rates with Return Flow in Years 2005 and 2008 (CH2M HILL 2011)). 

 and 
provides additional evaluation of the changes to Underwood Creek fisheries that could 
result from return flow. The Underwood Creek fish community discussed in Appendix L is 
typical of other small streams within the Menomonee River watershed and is limited in 
species diversity. Natural habitat features are disconnected by sections of a concrete-lined 
channel along Underwood Creek, which results in reduced use of the creek by fish.  

According to the literature, the slightly higher velocity generally still would be within the 
preferred velocity range for the dominant fish species in Underwood Creek. Consequently, 
the slightly higher velocity is not expected to adversely affect the dominant fish species in 
Underwood Creek. Exhibit 1 summarizes the habitat preferences and potential changes to 
habitat with return flow for the dominant fish species in Underwood Creek. 

A search of the Wisconsin Natural Heritage Working List (Wisconsin Department of 
Natural Resources, 2009) and the WDNR Animals, Plants, and Natural Communities 
Database identified several threatened, endangered, or species of special concern in 
Underwood Creek area (Exhibit 2). Because of the physical habitat limitation within 
Underwood Creek noted above, it is unlikely any of these species would be present. 

Return flow will increase the base flow, which will have positive effects on water availability, 
amount of habitat, and also the fish species that depend upon Underwood Creek. These 
anticipated positive effects are summarized in Appendix L and as follows:  

• The habitat for fish could be improved with additional flow, especially in the 
rehabilitated segment of the creek and during periods when with current conditions low 
base flows limit habitat availability.  

                                                      
1 CH2M HILL. January 23, 2010. Return Flow Effects on Habitat in Underwood Creek and Menomonee River.  
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• Underwood Creek often experiences extended periods when there is little precipitation 
and thus no flow in the creek because of ice or dry conditions. At those times, return 
flow would provide the greatest habitat improvement because periods of no flow could 
be eliminated, allowing aquatic habitat to always be available instead of having 
intermittent periods when habitat features provide no function because of lack of water.  

• Under base flow and low-flow conditions, return flow would provide additional water 
depth to improve fish passage through the riffle and concrete parts of the creek, to 
deepen pools within the restored reach, and to provide more wetted perimeter habitat 
near the creek banks and overhanging vegetation.  

• Return flow is expected to slightly increase shear stresses in the creek, which are 
insignificant to the geomorphic stability of the creek, but could improve the bottom 
substrate habitat by reducing embeddedness (fine sediment accumulation in coarse 
substrates) to support coarse sediment habitat, such as gravel. (See responses to question 
RF16 from the WDNR’s December 2, 2010 letter.)  

• An increase in wetted perimeter would provide additional substrate for the production 
of macroinvertebrates, thus improving the quantity of the food base for fish.  

EXHIBIT 1 
Habitat Characteristic for Dominant Fish Species in Underwood Creek and Menomonee River Near Underwood Creek 

Dominant 
Fish 

Species 

Preferred 
Current 

Velocity Rangea 
Stream 

Gradienta 
General Habitat 
Characteristicsa 

Dominant 
Substrate 

Preferencea 
Potential Changes  

to Habitat with Return Flow 

Pearl dace Not 
documented 
in reviewed 
literature 

Not 
documented 
in reviewed 
literature 

Pools Sand/gravel Improved pool depth, especially 
during low-flow periods. Additional 
substrate habitat could become 
available.  

Creek 
chub 

Less than 
0.98 ft/sec 

3 to 
23 meters 
per kilometer 
(m/km) 

Pools Sand/gravel Improved pool depth, especially 
during low-flow periods. Preferred 
velocity is out of range, but larger 
pools should offer more refuge. 
Additional substrate habitat could 
become available. 

White 
sucker 

1.31 ft/sec Wide range Wide range Gravel/sand Improved preferred current 
velocity. Additional substrate 
habitat could become available. 

Long nose 
dace 

More than 
1.48 ft/sec 

1.9 to 
18.7 m/km 

Riffles Gravel/rubble Improved preferred current 
velocity. Additional substrate 
habitat could become available. 

Blunt nose 
minnow 

Not 
documented 
in reviewed 
literature 

Not 
documented 
in reviewed 
literature 

Wide range Gravel/sand Additional substrate habitat could 
become available.  

Black nose 
dace 

0.49 to 
1.48 ft/sec 

11.4 to 
23.3 m/km 

Rocky runs 
and pools 

Gravel/sand Improved pool depth, especially 
during low-flow periods. 
Improvement in preferred current 
velocity. Additional substrate 
habitat could become available. 
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EXHIBIT 1 
Habitat Characteristic for Dominant Fish Species in Underwood Creek and Menomonee River Near Underwood Creek 

Dominant 
Fish 

Species 

Preferred 
Current 

Velocity Rangea 
Stream 

Gradienta 
General Habitat 
Characteristicsa 

Dominant 
Substrate 

Preferencea 
Potential Changes  

to Habitat with Return Flow 

Central 
stoneroller 

Not 
documented 
in reviewed 
literature 

Not 
documented 
in reviewed 
literature 

Rocky riffles, 
runs, pools 

Gravel/sand/ 
rubble 

Improved pool depth, especially 
during low-flow periods. Additional 
substrate habitat could become 
available.  

Common 
shiner 

Not 
documented 
in reviewed 
literature 

Not 
documented 
in reviewed 
literature 

Rocky pools 
near riffles 

Hard bottom/ 
gravel/sand/ 
rubble 

Improved pool depth, especially 
during low-flow periods. Additional 
substrate habitat could become 
available.  

Fathead 
minnow 

Not 
documented 
in reviewed 
literature 

Not 
documented 
in reviewed 
literature 

Muddy pools Sand/rubble/ 
gravel 

Improved pool depth, especially 
during low-flow periods. Additional 
substrate habitat could become 
available.  

Largemout
h Bass 

More than 
0.33 ft/sec 

Not 
documented 
in reviewed 
literature 

Not 
documented in 
reviewed 
literature 

Vegetated 
areas, sand/ 
gravel/mud 

Improved preferred current 
velocity. Additional substrate 
habitat could become available. 

Green 
sunfish 

Less than 
0.33 ft/sec 

0.2 to 
5.7 m/km 

50 percent 
pool areas 

Vegetated 
cover 

Improved pool depth, especially 
during low-flow periods. Preferred 
velocity is out of range, but larger 
pools should offer more refuge. 
No change in vegetated cover 
habitat expected. 

Johnny 
darter 

Not 
documented 
in reviewed 
literature 

Not 
documented 
in reviewed 
literature 

Pools Sand/mud Improvement pool depth, 
especially during low-flow periods. 
Additional substrate habitat could 
become available.  

Bluegill Less than 
0.33 ft/sec 

≤ 0.5 m/km 60 percent 
pool areas 

Submerged 
vegetation/ 
logs/brush 

Improved pool depth, especially 
during low-flow periods. Preferred 
velocity is out of range; however, 
larger pools should offer more 
refuge. No change in vegetated 
cover habitat expected. 

Central 
mud 
minnow 

Not 
documented 
in reviewed 
literature 

Not 
documented 
in reviewed 
literature 

Quiet areas Soft mud 
bottom/dense 
vegetation 

Additional substrate habitat could 
become available. 

aMain sources of information were Froese and Pauly (2009), Becker (1983), Stuber et al. (1982a and 1982b), 
McMahon (1982), McMahon and Terrell (1982), Twomey et al. (1984), Trial et al. (1983), Clark (1943), 
Copes (1978), Hardin and Bovee (1978), Mraz et al. (1961), Page and Burr (1991), Inskip (1982), Hamilton and 
Nelson (1984).  
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EXHIBIT 2 
Summary of Return Flow Effects on Habitat Characteristic for Fish Species Identified in WDNR Online Data Base as 
Threatened, Endangered, and Species of Special Concern in the Vicinity of Underwood Creek, but not Documented as 
Present in Recent Fish Surveys 

Fish Speciesa 

Preferred 
Current 

Velocity Range 
Stream 

Gradient 
General Habitat 
Characteristics 

Dominant 
Substrate 

Preference 

Potential Changes 
to Habitat with 

Return Flow 

Striped shiner 
(endangered) 

Not 
documented in 
reviewed 
literature. 

Not 
documented 
in reviewed 
literature. 

Clear to slightly 
turbid waters of 
runs and shallow 
pools, with 
dense aquatic 
vegetation.  

Cobble, 
boulders, silt, 
sand, mud or 
bedrock  

Preferred habitat for 
this species is 
unlikely to exist in 
this reach of 
Underwood Creek; 
therefore no change 
expected. 

Redfin shiner 
(threatened) 

Not 
documented in 
reviewed 
literature. 

Not 
documented 
in reviewed 
literature. 

Prefers turbid 
waters of pools 
in low-gradient 
streams. 

Boulders, 
cobble, sand, silt 
or detritus 

Preferred habitat for 
this species is 
unlikely to exist in 
this reach of 
Underwood Creek; 
therefore no change 
expected. 

Redside dace 
(special 
concern) 

Not 
documented in 
reviewed 
literature. 

Not 
documented 
in reviewed 
literature. 

Prefers cool 
water pools and 
quiet riffles of 
small streams 
(usually adjacent 
to meadows or 
pastures). 

Cobble, sand, 
clay silt or 
bedrock 

Preferred habitat for 
this species is 
unlikely to exist in 
this reach of 
Underwood Creek; 
therefore no change 
expected. 

Lake 
chubsucker 
(special 
concern) 

Not 
documented in 
reviewed 
literature. 

Not 
documented 
in reviewed 
literature. 

Prefers 
moderately clear 
lakes, oxbow 
lakes, sloughs of 
weedy lakes and 
their associated 
marshy streams. 

Organic debris 
over bottoms of 
cobble, sand, 
boulders, mud or 
silt. 

Preferred habitat for 
this species does 
not exist in this 
reach of Underwood 
Creek; therefore no 
change expected. 

Least darter 
(special 
concern 

Not 
documented in 
reviewed 
literature. 

Not 
documented 
in reviewed 
literature. 

Prefers clear, 
warm, quiet 
waters of 
overflow ponds, 
pools, lakes and 
streams. 

Gravel, silt, sand, 
boulders, mud or 
clay with dense 
vegetation or 
filamentous algal 
beds 

Preferred habitat for 
this species is 
unlikely to exist in 
this reach of 
Underwood Creek; 
therefore no change 
expected. 

aWDNR. Online Natural Heritage Inventory Database: http://dnr.wi.gov/org/land/er/nhi/CountyElements/.  
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T E C H N I C A L  M E M O R A N D U M    
 

Fox River Fisheries Analysis  
PREPARED FOR: Waukesha Water Utility 

PREPARED BY: CH2M HILL 

DATE: March 8, 2011 

This memorandum presents a review of Wisconsin DNR fisheries data collected from the 
Fox River downstream of the City of Waukesha wastewater treatment plant discharge. The 
object of this memorandum is to evaluate the impacts to fish species in the Fox River if the 
City’s wastewater treatment plant were to reduce, or at times eliminate, its discharge to the 
Fox River. A change in flow in the Fox River from its current flow regime would occur when 
return flow is provided for a Lake Michigan water supply.1

Fox River Hydrology 

 This memorandum summarizes 
first the hydraulic changes in the Fox River with return flow to Lake Michigan, then the Fox 
River fisheries impacts with return flow. For a Lake Michigan water supply, the current 
WWTP discharge to the Fox River will be redirected according to the Return Flow 
Management Plan to instead be returned to the Great Lakes basin. For a non-Lake Michigan 
water supply, the current WWTP discharge to the Fox River will continue.  

A stage-discharge rating table was obtained from the USGS2

Fox River Flow ≤ 43 cfs: 

 for the Fox River gage in 
downtown Waukesha (USGS gage 05543830). The data were plotted and fit with two 
polynomial best-fit trendlines. One trendline was for flows less than 43 cubic feet per 
second, the other for flows greater than 43 cfs. The following two trendlines were needed 
because the data had different patterns above and below 43 cfs where a single trendline 
would not provide as accurate interpolation results.  

Gage Height (ft) = -0.000229x2 + 0.021359x + 2.30124 
 x = Fox River flow, cfs 

Fox River Flow > 43 cfs: 
Gage Height (ft) = 3.3110E-17x5 - 3.9901E-13x4 + 1.6212E-09x3 - 3.1431E-06x2 + 

5.3123E-03x + 2.6133 
 x = Fox River flow, cfs 

The rating table data points and best-fit trendlines are shown in Exhibit 1. The r-squared 
correlation coefficients of the best-fit trendlines were 0.9957 and 0.9999, which suggest a 
strong relationship between the gage data and best-fit lines. Therefore the two trendlines 
were used to estimate gage heights for different Fox River flow rates. 

                                                      
1 Return flow does not affect tributaries to the Fox River, such as Pebble Creek, Pebble Brook, and Mill Brook. For information 
on flow impacts to the Fox River and the tributaries for water supply alternatives that do not include Lake Michigan (and 
consequently do not have return flow), refer to the Environmental Impact Report (Appendix N of the Application).  
2 Provided by the USGS by email. January 13, 2011. 
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EXHIBIT 1 
Stage-Discharge Rating Curve for Fox River at Waukesha (USGS gage # 05543830). 

 

USGS flow gage information was obtained for years 2005 and 2008 to determine the effect 
that the return flow management plan has on water depths and flow rates in the Fox River. 
The year 2005 was selected because it was a relatively dry year in recent past. The year 2008 
was selected because it was a relatively wet year in recent past. Using these two years 
provides a range of water depth and flow changes that could be similar in range for future 
years. The stage-discharge best-fit trendline equations were applied to the average daily Fox 
River flows3

The gage heights were subtracted from each other to estimate the water level change in the 
Fox River during years 2005 and 2008 as a result of the return flow management plan. The 
maximum difference in Fox River depth as a result of the return flow management plan is 
1.74 inches during the “dry” year 2005 and 1.20 inches in the “wet” year 2008 (Exhibit 2). 
The flow difference in the Fox River with and without return flow to Underwood Creek is 
shown in graphical and tabular format within the response to the WDNR’s December 2, 
2010 letter question RF2 (Fox River and Underwood Creek Flow Rates with Return Flow in Years 
2005 and 2008 (CH2M HILL 2011)).  

 for each day of the years 2005 and 2008, to estimate the water level with and 
without the Waukesha WWTP discharge.  

                                                      
3 The average daily Fox River flow rates for 2005 and 2008 were developed for a scenario with and without a Lake Michigan 
water supply. The flow rates are summarized in the memorandum Fox River and Underwood Creek Flow Rates with Return 
Flow in Years 2005 and 2008 (CH2M HILL 2011) and were documented in response to the Wisconsin DNR’s letter to the 
Waukesha Water Utility of December 2, 2010. 

Fox River Flow >43cfs
y = 3.3110E-17x5 - 3.9901E-13x4 + 1.6212E-09x3 - 3.1431E-06x2 + 5.3123E-03x + 2.6133

R² = 0.9999

Fox River Flow <=43cfs
y = -0.000229x2 + 0.021359x + 2.301244

R² = 0.9957
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The results of the Fox River hydrology analysis indicates that the change in surface water 
height in the Fox River at the USGS gage would be less than two inches with the largest 
change in flow depth equal to 1.74 inches during these years. The flow change estimated in 
the Fox River was as high as 13.8 cubic feet per second (cfs) in 2005 and 12.3 cfs in 2008. This 
flow depth change is considered to be negligible. 

Fox River Fisheries 
Fisheries information for the Fox River downstream of the WWTP was obtained from the 
Wisconsin Department of Natural Resources (WDNR 2011). The data were collected along 
roughly 2 miles of the Fox River between County Highway I and the confluence of Genesee 
Creek, about 6 miles downstream of the Waukesha WWTP discharge (Exhibit 3). Exhibit 4 
shows the approximate sampling locations relative to the WWTP. Fishery surveys were 
conducted in 1999, 2000, 2003, 2004, and 2006 (Exhibit 5). 

EXHIBIT 3 
Location of WDNR Fox River Survey Site Numbers and Year of Survey 

WDNR Site Number Survey Number Year Location 

62121 2664 1999 At confluence with Genesee Creek. 

62129 2663 1999 0.6 river mile east of Site #62121. 

62245 2608 1999 Upstream of County Hwy I. 

62605 2609 2000 

52059 2003 

92051 2004 

92253 2006 

Note: The WDNR lists Genesee Creek as an exceptional resource water and cold water fishery (WDNR, 2002).  

The surveys identified 36 species of fish (Exhibit 5). The most abundant species collected 
were golden redhorse, common carp, bluegill, channel catfish, largemouth bass, white bass, 
northern pike, rock bass, common shiner, sand shiner, bluntnose minnow, emerald shiner, 
longnose gar, white sucker, and creek chub. Most are considered warm water species, 
although they may also be found in cool water habitats. The greater redhorse, a designated 
threatened species, also was collected in this stream reach. Several coldwater species (brook 
and brown trout) were noted at the confluence of Genesee Creek (a cold water fishery) and 
Fox River but were only present in small numbers. 

EXHIBIT 2 
Difference in Fox River Depth and Flow Rate with and without a Lake Michigan Water Supply 

 2005 (dry year) 2008 (wet year) 
 Depth (in.) Flow (cfs) Depth (in.) Flow (cfs) 

Maximum difference 1.74 13.8 1.20 12.3 

Minimum difference 0.54 9.8 0.00 0.0 

Average difference 0.94 12.7 0.63 11.9 
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EXHIBIT 4 
Approximate Fish Sampling Locations Relative to the WWTP 
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EXHIBIT 5 
Fisheries Data from WDNR Surveys in the Fox River Downstream of the Waukesha WWTP 

 WDNR Site Numbers 
Species 62121 62129 62245 62605 

Bigmouth shiner    X 

Black bullhead   X  

Black crappie   X  

Blackstripe topminnow    X 

Bluegill   X X 

Bluntnose minnow    X 

Bowfin    X 

Brook silverside    X 

Brook trout X X   

Brown trout X X   

Central mudminnow X X  X 

Central stoneroller    X 

Channel catfish   X X 

Common carp   X X 

Creek chub X X  X 

Emerald shiner    X 

Golden redhorse   X X 

Grass pickerel X   X 

Greater redhorse   X X 

Green sunfish    X 

Johnny darter    X 

Largemouth bass X   X 

Longnose gar    X 

Mottled sculpin X X   

Northern pike   X X 

Pumpkinseed   X X 

Quilback    X 

Rock bass   X X 

Sand shiner    X 

Spotfin shiner    X 

Walleye    X 

White bass    X 

White sucker X X  X 

Yellow bass    X 

Yellow perch    X 
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In addition to the WDNR surveys, a fish survey was conducted at the confluence of the Fox 
River and Pebble Creek (Waukesha County Department of Parks and Southeastern 
Wisconsin Regional Planning Commission 2008), 1.65 miles downstream of the Waukesha 
WWTP. Many species were the same as those collected in the WDNR surveys, but several 
others not found farther downstream in the Fox River were collected. These included brook 
stickleback, spottail shiner, banded killifish, golden shiner, longear sunfish, orange-spotted 
sunfish, starhead topminnow, and tadpole madtom. The additional species are all warm 
water species except for the brook stickleback which is a cool water species. The longear 
sunfish is a designated threatened species in Wisconsin. The starhead topminnow and 
banded killifish are special species of concern. 

Potential Impacts 
The flow difference in the Fox River with and without return flow to Underwood Creek is 
shown in graphical and tabular format within the response to the WDNR’s December 2, 
2010 letter question RF2 (Fox River and Underwood Creek Flow Rates with Return Flow in Years 
2005 and 2008 (CH2M HILL 2011)). 

As noted, stopping Waukesha WWTP discharge to the Fox River as part of the return flow 
requirement for a Lake Michigan water supply was predicted to reduce the water depth in 
the Fox River by less than 2 inches. This small reduction in depth is not expected to have a 
significant impact on the fishery. The individual fish habitat requirements for dominant 
species (Exhibit 6) and threatened and endangered species (Exhibits 7 and 8) generally 
would still be met. Exhibit 7 includes cold water as well as threatened and endangered 
species found during surveys used for this analysis while Exhibit 8 includes threatened and 
endangered species not found during the surveys, but included in the NHI list of species 
potentially in the vicinity. No significant impacts to these species are expected.  

Summary 
The fish community in the Fox River is fairly diverse with several species indicative of cool 
water habitats. The cool-water species were surveyed near the mouth of Genesee Creek, a 
known cold water fishery. In addition, designated State of Wisconsin threatened or species 
of special concern were present. The flow models suggest a maximum loss of water depth of 
less than 2 inches in the Fox River. That flow reduction would have an insignificant impact 
on the Fox River fisheries.  
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EXHIBIT 6 
Summary of Return Flow Effects on Habitat Characteristics for Dominant Fish Species in Fox River 
Dominant Fish 

Species 
Preferred Current 
Velocity Rangea Stream Gradienta 

General Habitat 
Characteristicsa 

Dominant Substrate 
Preferencea Potential Changes to Habitat with Return Flow 

Channel 
catfish 

Wide range Not documented in 
reviewed literature 

Wide range Mud / sand / clay 
/ gravel 

With the wide range of preferred velocities, habitat 
characteristics, and substrate preference, no significant 
changes are expected.  

Creek chub < 0.98 ft/sec 3–23 m/km Pools Sand / gravel Slightly less pool depth, but because pools are by 
definition deeper areas no significant changes expected. 
No significant changes expected to preferred substrate. 

White sucker 1.31 ft/sec Wide Range Wide Range Gravel / sand With the wide range of preferred habitat characteristics 
and substrate preference, no significant changes are 
expected.  

Golden 
redhorse 

Not documented in 
reviewed literature 

Not documented in 
reviewed literature 

Pools in river 
bends 

Sand / gravel Slightly less pool depth, but because pools are by 
definition deeper areas no significant changes expected. 
No significant changes expected to preferred substrate. 

Bluntnose 
minnow 

Not documented in 
reviewed literature 

Not documented in 
reviewed literature 

Wide Range Gravel / sand With the wide range of preferred habitat characteristics 
and substrate preference, no significant changes are 
expected.  

Common 
carp 

Not documented in 
reviewed literature 

Not documented in 
reviewed literature 

Wide range Sand / gravel / 
clay 

With the wide range of preferred habitat characteristics 
and substrate preference, no significant changes are 
expected.  

White bass Moderate currents Not documented in 
reviewed literature 

Generally occurs 
in waters 6m in 
depth or less  

Sand / mud / 
rubble / gravel 

With the wide range of preferred habitat characteristics 
and variety of substrate preference, no significant 
changes are expected.  

Common 
shiner 

Not documented in 
reviewed literature 

Not documented in 
reviewed literature 

Rocky Pools near 
Riffles 

Hard bottom / 
gravel / sand / 
rubble 

Slightly less pool depth, but because pools are by 
definition deeper areas no significant changes expected. 
No significant changes expected to preferred substrate. 

Northern 
pike 

Not documented in 
reviewed literature 

Not documented in 
reviewed literature 

Shallow vegetated 
areas 

Vegetated areas Shallow areas will become shallower on average, but less 
than 2 inches water depth change would occur. With 
critical spawning times for northern pike during early 
spring when flows are high, water depth change would be 
even less. Consequently, no significant changes are 
expected.  
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EXHIBIT 6 
Summary of Return Flow Effects on Habitat Characteristics for Dominant Fish Species in Fox River 
Dominant Fish 

Species 
Preferred Current 
Velocity Rangea Stream Gradienta 

General Habitat 
Characteristicsa 

Dominant Substrate 
Preferencea Potential Changes to Habitat with Return Flow 

Largemouth 
bass 

> 0.33 ft/sec Not documented in 
reviewed literature 

Not documented 
in reviewed 
literature 

Vegetated areas, 
sand / gravel / 
mud 

With the wide range of preferred substrate preference, no 
significant changes are expected.  

Rock bass Not documented in 
reviewed literature 

Not documented in 
reviewed literature 

Preference for 
clear cool to warm 
water 

Sand / gravel No significant changes expected to general habitat 
characteristics or preferred substrate. 

Emerald 
shiner 

Not documented in 
reviewed literature 

Not documented in 
reviewed literature 

Wide Range Sand / gravel With the wide range of preferred habitat characteristics 
and substrate preference, no significant changes are 
expected.  

Bluegill < 0.33 ft/sec ≤ 0.5 m/km 60% pool areas Submerged 
vegetation/ logs / 
brush 

Slightly less pool depth, but because pools are by 
definition deeper areas no significant changes expected. 
No significant changes expected to preferred substrate. 

Longnose 
gar 

Not documented in 
reviewed literature 

Not documented in 
reviewed literature 

Backwaters, quiet 
currents 

Gravel / sand No significant changes expected to general habitat 
characteristics or preferred substrate. 

aMain sources of information were Froese and Pauly (2009), Becker (1983), Stuber et al. (1982a, 1982b), McMahon (1982), McMahon and Terrell (1982), Twomey 
et al. (1984), Trial et al. (1983), Clark (1943), Copes (1978), Hardin and Bovee (1978), Mraz et al. (1961), Page and Burr (1991), Inskip (1982), Hamilton and 
Nelson (1984).  
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EXHIBIT 7 
Return Flow Effects on Preferred Habitat for Threatened, Endangered, Special Concern, and Cold Water Species Recorded Since 1999 within the Fox River 

Fish Species 
Preferred Current 
Velocity Rangea 

Stream 
Gradienta 

General Habitat 
Characteristicsa Dominant Substrate Preferencea Potential Changes to Habitat with Return Flow 

Greater 
redhorse 
(threatened) 

Not documented 
in reviewed 
literature 

Not 
documented 
in reviewed 
literature 

Pools and runs 
of medium to 
large rivers  

Sandy to rocky pools Slightly less pool depth, but because pools are by 
definition deeper areas no significant changes 
expected. No significant changes expected to preferred 
substrate. 

Longear sunfish 
(threatened)  

Not documented 
in reviewed 
literature 

Not 
documented 
in reviewed 
literature 

Slow moving 
rivers and 
streams 

Shallow dense vegetation Shallow areas will become shallower on average, but 
less than 2 inches water depth change would occur. 
Consequently, no significant changes are expected.  

Banded killifish 
(special 
concern) 

Not documented 
in reviewed 
literature 

Not 
documented 
in reviewed 
literature 

Shallow 
sluggish 
streams 

Sand/mud/near vegetation. Shallow areas will become shallower on average, but 
less than 2 inches water depth change would occur. No 
significant changes are expected to the preferred 
substrate. Consequently, no significant changes are 
expected.  

Starhead 
topminnow 
(special 
concern) 

Not documented 
in reviewed 
literature 

Not 
documented 
in reviewed 
literature 

Quit pools and 
backwaters 

Vegetated areas Slightly less pool depth, but because pools are by 
definition deeper areas no significant changes 
expected. No significant changes expected to preferred 
substrate. 

Brook trout 
(cold water 
species) 

Not documented 
in reviewed 
literature 

Not 
documented 
in reviewed 
literature 

Clear, cool, 
well 
oxygenated 
streams  

Sand/ gravel/rubble Lower flow in the Fox River could extend cool water 
influence from Genesee Creek. No significant changes 
are expected to the preferred substrate. Consequently, 
no significant changes expected.  

Brown trout 
(cold water 
species) 

Not documented 
in reviewed 
literature 

Not 
documented 
in reviewed 
literature 

Cold, well 
oxygenated 
waters 

Submerged rocks, undercut 
banks, overhanging 
vegetation 

Lower flow in the Fox River could extend cool water 
influence from Genesee Creek. No significant changes 
are expected to the preferred substrate. Consequently, 
no significant changes expected.  

aMain sources of information were Froese and Pauly (2009), Becker (1983), Stuber et al. (1982a, 1982b), McMahon (1982), McMahon and Terrell (1982), Twomey et 
al. (1984), Trial et al. (1983), Clark (1943), Copes (1978), Hardin and Bovee (1978), Mraz et al. (1961), Page and Burr (1991), Inskip (1982), Hamilton and Nelson 
(1984).  
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EXHIBIT 8 
Return Flow Effects on Habitat Characteristic for Fish Species Identified in the WDNR Online NHI Database as Threatened, Endangered, and Species of Special Concern in the 
Vicinity of the Fox River, but not Documented as Present in Recent Fish Surveys 

Fish Speciesa 

Preferred 
Current Velocity 

Range Stream Gradient 
General Habitat 
Characteristics 

Dominant Substrate 
Preference Potential Changes to Habitat with Return Flow 

Striped shiner 
(endangered) 

Not 
documented in 
reviewed 
literature. 

Not 
documented in 
reviewed 
literature. 

Clear to slightly turbid 
waters of runs and shallow 
pools, with dense aquatic 
vegetation.  

Cobble, boulders, silt, 
sand, mud or bedrock  

Slightly less pool depth, but because pools are by 
definition deeper areas no significant changes 
expected. No significant changes expected to 
preferred substrate. 

Slender 
madtom 
(endangered) 

Not 
documented in 
reviewed 
literature. 

Not 
documented in 
reviewed 
literature. 

Prefers clear, moderate to 
swift currents of streams 
and wide rivers. 

Gravel and boulders 
interspersed with fine 
sand 

Some reduction in current velocity could occur 
during low periods. However, no significant 
changes are expected. No significant changes 
expected to preferred substrate. 

River 
redhorse 
(threatened) 

Not 
documented in 
reviewed 
literature. 

Not 
documented in 
reviewed 
literature. 

Prefers moderate to swift 
currents in large rivers 
systems, including 
impoundments and pools. 

River bottoms of clean 
gravel. 

The preferred habitat for this species likely does 
not exist in the Fox River because it is not a large 
river. 

Pugnose 
shiner 
(threatened) 

Not 
documented in 
reviewed 
literature 

Not 
documented in 
reviewed 
literature 

Prefers weedy shoals of 
glacial lakes and low-
gradient streams 

Mud, sand, cobble, silt, 
and clay 

Some weedy areas may be exposed under low 
flow conditions, however no significant changes 
are expected. No significant changes expected to 
preferred substrate. 

Lake 
chubsucker 
(special 
concern) 

Not 
documented in 
reviewed 
literature. 

Not 
documented in 
reviewed 
literature. 

Prefers moderately clear 
lakes, oxbow lakes, 
sloughs of weedy lakes 
and their associated 
marshy streams. 

Organic debris over 
bottoms of cobble, sand, 
boulders, mud or silt. 

The preferred habitat for this species likely does 
not exist in the Fox River because it is not a lake. 

Least darter 
(special 
concern) 

Not 
documented in 
reviewed 
literature 

Not 
documented in 
reviewed 
literature 

Prefers clear, warm, quiet 
waters of overflow ponds, 
pools, lakes and streams. 

Gravel, silt, sand, 
boulders, mud or clay 
with dense vegetation or 
filamentous algal beds 

Slightly less pool depth, but because pools are by 
definition deeper areas no significant changes 
expected. No significant changes expected to 
preferred substrate. 

Weed shiner 
(special 
concern) 

Not 
documented in 
reviewed 
literature 

Not 
documented in 
reviewed 
literature 

Prefers sloughs, lakes, 
and still to sluggish 
sections of medium 
streams to large rivers 

Sand, mud, clay, silt, 
detritus, gravel or 
boulders 

Some slough areas may have less water in them 
under low flow conditions. No significant changes 
expected. No significant changes expected to 
preferred substrate. 

aWDNR. Online Natural Heritage Inventory Database: http://dnr.wi.gov/org/land/er/nhi/CountyElements/ 

http://dnr.wi.gov/org/land/er/nhi/CountyElements/�
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T E C H N I C A L  M E M O R A N D U M    
 

Evaluation of Impacts at Alternative Discharge 
Location on Wildlife, Endangered Resources, and 
Natural Community 
PREPARED FOR: Waukesha Water Utility 

PREPARED BY: CH2M HILL 

DATE: March 8, 2011 

As part of the Environmental Report submitted by the City of Waukesha for the Lake 
Michigan Diversion Application, an evaluation was made regarding potential impacts to 
wildlife, endangered resources, and natural resources within the various water supply and 
return flow alternative routes. The purpose of this memorandum is to provide additional 
details regarding the nature and extent of the potential impacts to the receiving waters 
associated with the alternative return flow discharge locations, qualify whether they are 
permanent or temporary in nature, and whether these impacts can be mitigated. This 
memorandum is in response to question RF17 from the WDNR’s December 2, 2010 letter to 
the City of Waukesha. The response to question RF18 from the WDNR’s December 2, 2010 
letter to the City of Waukesha provides information on potential impacts within the pipeline 
alignment, aboveground infrastructures, and groundwater drawdown associated with the 
various alternatives.  

Water Quality Impact Evaluation 
Given the water quality requirements for return flow discharging to any location, no 
significant permanent adverse impacts are expected to wildlife, endangered resources, or 
natural communities.  

The WDNR has provided the City of Waukesha with proposed effluent limits and indicated 
that the City of Waukesha will be required to meet future water quality effluent standards 
that are at least as stringent as those currently imposed on discharge to the Fox River. 
Further, water quality of the proposed return flow has been previously analyzed (Appendix 
H of the Application, Water Quality Model of Proposed Discharge to Underwood Creek [CH2M 
HILL, 2010b] and Section 5 of the Application). Given the conclusion of the water quality 
modeling that Wisconsin Pollutant Discharge Elimination System (WPDES) discharge 
requirements will be no less stringent than what is currently discharged to the Fox River, 
and that the discharge requirements will be designed to protect receiving waters, water 
quality is not expected to have a significant permanent adverse impact on wildlife, 
endangered resources, or natural communities.  

Physical Impact Evaluation 
Potential discharge locations have been identified for each of the return flow alternatives. 
These discharge locations include the Fox River, Underwood Creek, Lake Michigan, and 
Root River. An analysis of the potential hydraulic changes to Underwood Creek was 
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completed and included as Appendix L of the Application (CH2M HILL, 2010a), and serves 
as an analog for impacts to receiving waters for the other Lake Michigan return flow 
options. Information on potential flow changes and impacts to fisheries within Underwood 
Creek is included in the response to question RF13 from the WDNR’s December 2, 2010 
letter to the City of Waukesha. Also included in that response is an analysis of potential flow 
changes and impacts to fisheries in the Fox River for a Lake Michigan return flow.  

As shown in Appendix L of the Application and the response to question RF13, the changes 
in hydrology to the receiving streams with the proposed Lake Michigan return flow outfall 
locations generally are beneficial. It was also shown that the discharge of additional water 
within Underwood Creek and the decrease in discharge to the Fox River would result in a 
water elevation change at base flow conditions of 0.78 feet at two cross section survey sites 
(Appendix L) for Underwood Creek and less than 2 inches of water depth change on the 
Fox River. No change in water surface elevation would occur for floods over a 2-year return 
period in Underwood Creek or the Fox River because of the return flow management plan. 
The flashiness of Underwood Creek with and without return flow is discussed in the 
response to question RF14 from the WDNR’s December 2, 2010 letter to the City of 
Waukesha. Because the streams are similarly sized, impacts associated with return flow to 
the Root River are expected to be similar to those in Underwood Creek. The potential 
changes in water depth and flow are small and, as such, no significant adverse impacts to 
resources are expected.  

Return flow direct to Lake Michigan would be discharged in the open water of the lake and 
the same as the other return flow alternatives, it would replace water withdrawn for water 
supply. As a result, no determinable changes to water depth or flow in the lake would 
result. Detailed information on the potential impacts to fisheries and endangered aquatic 
resources and wildlife at the outfall locations is included in the response to questions RF13 
and RF20 from the WDNR’s December 2, 2010 letter to the City of Waukesha. Consequently, 
no further discussion will be included in this response. Information on the potential impacts 
to natural communities and terrestrial endangered species is provided below.  

Natural Community Impact Evaluation 
Natural communities having the potential to exist along the alternatives were identified by 
the WDNR in a response to the Natural Heritage Inventory Environmental Review Request 
submitted by the Waukesha Water Utility (WDNR, 2010a). The WDNR identified the 
following natural communities: 

Southern dry mesic forest  
Southern mesic forest 
Southern dry forest 
Mesic prairie 
Wet prairie 
Emergent marsh 
Southern sedge meadow 
Oxbow lake 

Calcareous fen 
Shrub-carr 
Southern tamarack swamp 
Northern wet forest 
Floodplain forest 
Springs and spring runs 
Warm-water stream 
Bird rookery 
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Based on the habitat assessment completed in July 2010 (CH2M HILL 2010c), specific 
natural communities observed at or immediately downstream of the discharge locations are 
limited to floodplain forests, emergent marsh, and warm-water streams.  

At the Underwood Creek discharge location the stream is contained within a concrete-lined 
channel designed to restrict the flow of water to adjacent areas and its floodplain, and as a 
result, the only natural community directly impacted at the outfall is warm-water stream. 
However, floodplain forest areas are present in the downstream reaches of Underwood 
Creek and below its confluence with Menomonee River. This is discussed in more detail 
below.  

At the Root River discharge location, natural communities potentially impacted by the 
return flow include emergent marsh, floodplain forest, and warm-water stream. These same 
community types are potentially impacted in the Fox River when return flow is conveyed to 
the Lake Michigan basin. These communities are discussed in more detail below. 

The proposed return flow direct to Lake Michigan would be discharged in the open waters 
of Lake Michigan and as a result, none of the natural communities listed above would be 
affected. Detailed information on potential impacts to fisheries and endangered aquatic 
resources in Lake Michigan is included in the response to question RF20.  

Natural communities other than floodplain forest, emergent marsh, and warm-water 
streams may exist along the various alternatives and near the proposed return flow outfall 
locations, but because of their topographical location within the southeastern Wisconsin 
landscape and distance from the discharge location, these communities are not likely to be 
affected by minor changes in water elevations and flow. The evaluation of potential impacts 
along pipeline alignments is addressed in RF18 from the WDNR’s December 2, 2010 letter to 
the City of Waukesha.  

Floodplain Forest and Emergent Marsh Impact Evaluation 
Floodplain forest and emergent marsh habitats typically are located below or immediately 
adjacent to the ordinary high water mark associated with streams and dominated by hardy 
species. Typical vegetative species found in floodplain forests include silver maple (Acer 
saccharinum), river birch (Betula nigra), green and black ashes (Fraxinus spp.), hackberry 
(Celtis occidentalis), swamp white oak (Quercus bicolor), and eastern cottonwood (Populus 
deltoides). Floodplain forest areas can provide habitat to a diverse wildlife population, and a 
number of common species including water dependent birds such as great blue herons 
(Ardea herodias), mallards (Anas platyrhynchos), wood ducks (Aix sponsa), and belted 
kingfisher (Megaceryle alcyon). Other terrestrial species such as raccoon (Procyon lotor) and 
the striped skunk (Mephitis mephitis) are less restricted but prefer to be close to water. Large 
unfragmented tracts of floodplain forest land can also provide important habitat for larger, 
territorial mammals such as coyote (Canis latrans) and whitetail deer (Odocoileus virginianus) 
and may provide habitat for migratory songbirds as well. Food sources from mature trees, as 
well as berries and other fruits from some understory shrubs and woody vines, are an 
important wildlife food source. Secondary canopy shrubs and saplings, brush piles, and fallen 
logs provide cover for various small- to medium-sized mammals. In addition to providing 
habitat for a wide variety of species, floodplain forests serve a vital role in stabilizing soils and 
flood water attenuation in flood-prone areas associated with river systems.  
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Typical species found in emergent marsh habitats include cattails, bulrushes (particularly 
Scirpus acutus, S. fluviatilis, and S. validus), bur-reeds (Sparganium spp.), giant reed (Australis 
communis), pickerel-weed (Pontederia cordata), water-plantains (Alisma spp.), arrowheads 
(Sagittaria spp.), species of spikerush (such as Eleocharis smallii), and wild rice (Zizania 
aquatica). Emergent marshes can provide habitat to a diverse wildlife population, and a 
number of common species including beaver (Castor canadensis), muskrat (Ondatra 
zibethicus), and waterfowl species such as Canada goose (Branta canadensis), mallards, 
herons, and blue-winged teal (Anas discors). Amphibians and many reptiles favor aquatic 
habitats; representative species include leopard frog (Rana pipiens), bullfrog (R. catesbeiana) 
and northern water snake (Nerodia sipedon). Emergent marshes represent critical nesting 
habitat for many common waterfowl species present in southeastern Wisconsin and because 
of their ability to store and slow the discharge of water, serve a critical role in stormwater 
attenuation near developed areas.  

Because floodplain forest and emergent marsh habitats are immediately adjacent to the 
ordinary high water mark, mammal, vegetative, and bird species associated with floodplain 
forest and emergent marsh are well adapted to withstand minor fluctuations in water 
elevation resulting from typical seasonal conditions, flood events, or drought. Based upon 
the small water level changes expected to occur, all of which within the ordinary high water 
mark, no significant adverse impacts to emergent marsh, riparian species, or floodplain 
forests is expected.  

Warm-Water Stream Impact Evaluation 
Warm-water streams are a common resource in southeastern Wisconsin and are characterized 
by flowing waters that exhibit maximum water temperatures greater than 25°C, relatively 
small watershed areas, and annual flow rates of less than 200 cubic feet per second 
(WDNR 2010b). Common fish species present in this natural community include common 
carp (Cyprinus carpio), suckers, and sunfishes (WDNR, 2010b). Further detailed discussion on 
the impacts to these and other common aquatic species present within the Fox River and 
Underwood Creek can be found in the response to question RF13 from the WDNR’s 
December 2, 2010 letter to the City of Waukesha and Appendix L of the Application. No 
significant adverse impacts to species in warm-water receiving streams are expected.  

Mitigation Consideration  
The City of Waukesha will work with the WDNR and other regulatory agencies to avoid, 
minimize, and mitigate adverse impacts for the selected alternative. Because no significant 
adverse impacts from return flow are expected to natural communities at or immediately 
downstream of the alternative discharge locations, the need for mitigation for the discharge 
is not expected.  
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Relative Comparison of Wildlife, Natural Community, 
and Endangered Resources Impacts for City of 
Waukesha Water Supply and Return Flow 
Alternatives 
PREPARED FOR: Waukesha Water Utility 

PREPARED BY: CH2M HILL 

DATE: March 8, 2011 

Introduction 
The wildlife, natural communities, and endangered resources along each City of Waukesha 
water supply and return flow alternative corridor as documented in the Environmental 
Report (ER) (Appendix N of the Application) were reviewed to develop a relative comparison 
of impacts. The wildlife, natural communities, and endangered resources potentially affected 
by each of the water supply and return flow alternative corridors were identified through a 
Wisconsin Natural Heritage Inventory (NHI) database query submitted to the Wisconsin 
Department of Natural Resources (WDNR) in January 2010 and additional information 
received from the WDNR in January 2011. Existing geographical information system (GIS) 
data sets containing information on land use, wetlands, floodplains, springs, and other 
information were used to evaluate potential occurrences of each of these resources. The GIS 
data was supplemented by a habitat analysis that included field observations in key areas 
along the alignments during the summer of 2010, which was documented in the 
memorandum City of Waukesha Water Supply – Habitat Assessment (CH2M HILL, 2010).  

Types of Impacts  
Potential impacts to wildlife, natural community, and endangered resources fall into two 
categories:  

• Temporary: Temporary impacts are those that result only from construction. Through 
the use of construction techniques that minimize impacts, along with techniques that 
restore the construction area, temporary impacts are expected to be limited to the 
duration of the construction period (typically less than a year). An example of 
temporary impacts is provided by pipeline construction projects—the surface impacts 
are restored to the same or better condition than what existed prior to construction. 
Temporary impacts would occur for all water supply and return flow alternatives.  

• Permanent: Permanent impacts fall into two categories:  

− Permanent impacts associated with any long-term groundwater drawdown that 
results in habitat-type changes. An example of such an impact would be 
groundwater drawdown in an emergent marsh, which could cause the marsh habitat 
to decrease in areal extent and at least partially transition to upland habitat. 
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Groundwater drawdown impacts are applicable only to the Deep and Shallow Well 
water supply alternative, and the Shallow Aquifer and Fox River Alluvium water 
supply alternative.  

− Permanent impacts associated with new aboveground infrastructure or 
aboveground pipeline maintenance. Aboveground infrastructure includes access 
roads and other aboveground structures. Pipeline corridor maintenance is applicable 
as a long-term impact in areas where routine mowing may result in a permanent 
habitat type change. Habitat type changes could occur in areas of natural vegetation 
where no current active maintenance is occurring. Aboveground structures having 
new impacts to undisturbed area are only associated with the Deep and Shallow 
Well water supply alternative and the Shallow Aquifer and Fox River Alluvium 
water supply alternative. An evaluation of potential mitigation options for the major 
permanent impacts are discussed in the response to question WS9. 

Natural Community-Specific Analysis 
A natural community is an assemblage of different plants and animal species within a 
specific habitat. The WDNR description of each of the natural communities identified by the 
NHI inventory that have the potential to be in the vicinity of the project and therefore 
potentially affected by the water supply and return flow alternatives is provided in Exhibit 
1. Exhibit 1 is provided separately due to the sensitive nature of the potential habitat 
locations for threatened and endangered species.  

An analysis of the NHI GIS data received from the WDNR, and supplemented by the 
findings from the 2010 field observations, was conducted for each of the natural 
communities to produce a relative comparison of impacts for each water supply and return 
flow alternative. The analysis evaluates impacts based on the assumption of a conventional 
excavation installation technique and does not consider construction best management 
practices (BMPs) techniques such as direction drilling for pipelines that could further 
minimize impacts. The City of Waukesha will work with the WDNR and other resource 
agencies to minimize natural community impacts with the approved alternative. The 
evaluation process for each natural community is described below with the relative 
comparison for each alternative presented in Exhibits 2 through 5.  

Relative Comparison Method 
Because natural community-specific data in acres were not directly available in GIS data sets 
for all of the natural communities, general habitat information was used to generate a 
relative comparison of the potential impact of an alternative. For example, no GIS layer 
specific for the bird rookery was available; consequently, a relative comparison was 
conducted using other habitat-type information. Conversely, the estimated acreage impact 
to the emergent marsh natural community was available from the Wisconsin Wetland 
Inventory (WWI) GIS layer and these specific data were used for the analysis. Additional 
information on the procedure for evaluating each natural community is described below.  

The following suitability rating scale is meant to provide a measurement of the potential of a 
given route to contain any of the natural communities listed by the WDNR. Potential 
suitability rankings were defined as absent, low, moderate, or high.  
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Absent – habitat is not present 
Low Potential Suitability – Up to 10 acres 
Moderate Potential Suitability – 10 to 20 acres 
High Potential Suitability – More than 20 acres 

Bird Rookery. Bird rookeries require trees in or adjacent to open water or wetlands. 
Consequently, the relative potential occurrence of bird rookery habitat was compared by 
determining the total of all wetlands and all woodlands adjacent to bodies of water affected 
by the alternative. With the absence of a GIS data set specific to bird rookeries, the relative 
ranking of low/moderate/high potential suitability was used. There has been no confirmed 
presence of a bird rookery for any of the alternatives. The relative comparison of potential 
bird rookery impacts is listed in Exhibit 2.  

Wet Prairie. Wet prairie shares characteristics with emergent aquatic communities. Thus, the 
relative occurrence of potential wet prairie impacts utilized the WWI emergent marsh GIS 
data set to evaluate potential wet prairie impacts. With the absence of a GIS data set specific 
to a wet prairie, the relative ranking of low/moderate/high potential suitability was used. 
There has been no confirmed presence of wet prairie for any of the alternatives. The relative 
comparison of potential wet prairie impacts is listed in Exhibit 2. 

Springs and Spring Runs. The Wisconsin Geological and Natural History Survey (WGNHS) 
maintains an inventory of springs, which was consulted to determine potential impacts to 
springs. Several springs exist near the groundwater alternative areas (shallow wells in the 
deep and shallow wells alternative, and all wells in the shallow aquifer and Fox River 
alluvium alternative)(WGNHS, 2010) but none were found to be within the construction 
footprint of either the Lake Michigan water supply alternatives or the return flow 
alternatives. An analysis of potential springs affected by groundwater drawdown was 
previously conducted and shown in Figures 2-5 and 2-6 of the ER (Appendix N of the 
Application). An additional analysis was conducted to determine the number of WGNHS-
documented springs within the project area for all alternatives. With the availability of a 
specific GIS data set addressing springs, a comparison to the WGNHS data set was 
conducted. The relative ranking of low/moderate/high potential suitability was developed 
utilizing the number of springs affected instead of acres affected. Springs and spring runs 
have been confirmed based upon literature documentation for the groundwater supply 
alternatives within the groundwater drawdown areas. The relative comparison of potential 
springs and spring run impacts is listed in Exhibit 2. 

Streams. Stream data are available through GIS data sets. A comparison was conducted 
using the data, and the relative ranking of low/moderate/high potential suitability based 
upon acres impacted was used to evaluate impacts to streams listed as (slow, hard warm) by 
the WDNR. There has been no confirmed presence of a slow, hard warm stream within any 
of the alternatives. The relative comparison of potential stream impacts is listed in Exhibit 2.  

Oxbow Lake. No GIS data were available for oxbow lakes. The analysis for the potential of 
an oxbow lake was conducted by observing the location of bodies of water on aerial maps 
and through the habitat field survey conducted in 2010. There has been no confirmed 
presence of an oxbow lake within any of the alternatives. The relative comparison of 
potential oxbow lake impacts is listed in Exhibit 2. 
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Emergent Marsh. Information on the presence and extent of emergent marshes was available 
through the WWI. The relative comparison of the potential for an alternative to impact 
emergent marsh habitat was conducted using GIS analysis. With the availability of a specific 
GIS data set a numeric comparison of acres was made. The relative comparison of potential 
emergent marsh impacts is listed in Exhibit 3. 

Shrub-Carr Wetlands. Information on the presence and extent of the shrub-carr natural 
community is available through the WWI which identifies shrub-carr as “scrub-shrub” wetland. 
The relative comparison of the potential for an alternative to impact scrub-carr wetlands was 
conducted using GIS analysis. With the availability of a GIS data set specific to shrub-carr 
communities, a numeric comparison of acres impacted was made to conduct the relative 
comparison. The relative comparison of potential shrub-carr impacts is listed in Exhibit 3. 

Forested Floodplain. Information on the potential location of the forested floodplain natural 
community was analyzed using available GIS data sets for SEWRPC woodlands, WWI 
forested wetlands, and Federal Emergency Management Agency (FEMA) floodplains. All 
areas of woodlands and forested wetlands located within the mapped 100 year floodplain 
were assumed to represent forested floodplain. These calculated numeric acreages were 
used as the basis for comparison of a potential alternative to impact forested floodplain. The 
relative comparison of potential forested floodplain impacts is listed in Exhibit 3. 

Mesic Prairie. A mesic prairie is an open grassland habitat. Because a mesic prairie GIS data 
set was unavailable, information on the potential location of the mesic prairie natural 
community was analyzed using available GIS data sets for the SEWRPC open lands and 
observations made during the summer 2010 habitat assessment. The presence of open lands 
does not necessarily mean mesic prairie would exist but using the SEWRPC open lands data 
set provides insight into the potential existence for this habitat type. With the absence of a 
GIS data set specific to the mesic prairie, the relative ranking of low/moderate/high 
potential suitability based on open lands acreage and field observations was used. There has 
been no confirmed presence of a mesic prairie for any of the alternatives. The relative 
comparison of potential mesic prairie impacts is listed in Exhibit 2. 

Southern Sedge Meadow. A southern sedge meadow is an open wetland community. 
Because a southern sedge meadow GIS data set was unavailable, information on the 
potential location of the southern sedge meadow natural community was analyzed using 
available GIS data sets for WWI emergent marsh. Southern sedge meadow is often found 
adjacent to emergent marsh; consequently, emergent marsh is a good indicator of the 
potential presence of southern sedge meadow. With the absence of a GIS data set specific to 
southern sedge meadow, the relative ranking of low/moderate/high potential suitability 
based on emergent marsh acreage was used. There has been no confirmed presence of a 
southern sedge meadow for any of the alternatives. The relative comparison of potential 
southern sedge meadow impacts is listed in Exhibit 4. 

Calcareous Fen. Calcareous fens occur in areas receiving carbonate-enriched groundwater. 
Because a GIS data set for calcareous fen was unavailable, information on the potential location 
of the calcareous fen natural community was analyzed using available GIS data sets for WWI 
emergent marsh supplemented with 2010 field observations and communication with the 
Vernon Marsh Wildlife Area manager, who is aware of known calcareous fen locations in the 
Vernon Marsh Wildlife Area. Calcareous fen is often found adjacent to emergent marsh; 
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consequently, emergent marsh is a good indicator of potential calcareous fen presence. With 
the absence of a GIS data set specific to calcareous fen, the relative ranking of 
low/moderate/high potential suitability based on emergent marsh acreage and field 
observations was used. There has been no confirmed presence of a calcareous fen for any of the 
alternatives. The relative comparison of potential calcareous fen impacts is listed in Exhibit 4. 

Northern Wet Forest. The potential presence of northern wet forest was analyzed using WWI 
forested wetlands because a GIS data set specific to northern wet forest was unavailable. 
The presence of forested wetlands does not necessarily mean a northern wet forest would 
exist but using the WWI forested wetlands data set provides insight into the potential 
existence of this habitat type. With the absence of a community-specific specific GIS data set, 
the relative ranking of low/moderate/high potential suitability based on forested wetlands 
acreage was used. There has been no confirmed presence of a northern wet forest for any of 
the alternatives. The relative comparison of potential northern wet forest impacts is listed in 
Exhibit 5. 

Southern Dry Forest. The potential presence of southern dry forest was analyzed using 
SEWRPC woodlands because a GIS data set specific to southern dry forest was unavailable. 
The presence of woodlands does not necessarily mean a southern dry forest would exist but 
using the SEWRPC woodlands data set provides insight into the potential existence for this 
habitat type. With the absence of a GIS data set specific to southern dry forest, the relative 
ranking of low/moderate/high potential suitability based on woodlands acreage was used. 
There has been no confirmed presence of a southern dry forest for any of the alternatives. 
The relative comparison of potential southern dry forest impacts is listed in Exhibit 5. 

Southern Dry Mesic Forest. The potential presence of southern dry mesic forest was analyzed 
using SEWRPC woodlands because a GIS data set specific to southern dry mesic forest was 
unavailable. The presence of woodlands does not necessarily mean a southern dry mesic 
forest would exist but using the SEWRPC woodlands data set provides insight into the 
potential existence for this habitat type. With the absence of a GIS data set specific to 
southern dry mesic forest, the relative ranking of low/moderate/high potential suitability 
based on woodlands acreage was used. There has been no confirmed presence of a southern 
dry mesic forest for any of the alternatives. The relative comparison of potential southern 
dry mesic forest impacts is listed in Exhibit 5. 

Southern Mesic Forest. The potential presence of southern mesic forest was analyzed using 
SEWRPC woodlands because a GIS data set specific to a southern mesic forest was unavailable. 
The presence of woodlands does not necessarily mean a southern mesic forest would exist but 
using the SEWRPC woodlands data set provides insight into the potential existence for this 
habitat type. With the absence of a GIS data set specific to southern mesic forest, relative 
ranking of low/moderate/high potential suitability based on woodland acreage was used. 
There has been no confirmed presence of a southern mesic forest for any of the alternatives. 
The relative comparison of potential southern mesic forest impacts is listed in Exhibit 5. 

Southern Tamarack Swamp. The potential presence of southern tamarack swamp was 
analyzed using WWI forested wetlands because a GIS data set specific to southern tamarack 
swamp was unavailable. The presence of forested wetlands does not necessarily mean a 
southern tamarack swamp would be present but using the WWI forested wetlands data set 
provides insight into the potential existence for this habitat type. With the absence of a 
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community-specific GIS data set, the relative ranking of low/moderate/high potential 
suitability based on forested wetland acreage was used. There has been no confirmed 
presence of a southern tamarack swamp for any of the alternatives. The relative comparison 
of potential southern tamarack swamp impacts is listed in Exhibit 5. 

Summary of Natural Community Relative Comparisons  
An evaluation of Exhibits 2 through 5 indicates the groundwater supply alternatives have the 
highest overall potential impact to natural communities. The most significant impacts to 
natural communities are the potential permanent habitat type changes to wetland areas that 
may result from the groundwater drawdown associated with the groundwater supply 
alternatives. Impacts to wetland areas and other natural communities from the Lake Michigan 
water supply and return flow alternatives are largely temporary and/or are several orders of 
magnitude less than those associated with the groundwater supply alternatives.  

The actual impacts to natural communities may vary from those presented here depending 
upon the final selected alternative, field verification of natural resources, and efforts to 
avoid, minimize, and mitigate impacts to natural communities. However the analysis 
conducted does accurately depict the relative impacts of the alternatives. The City of 
Waukesha will work with the WDNR and resource agencies to avoid, minimize, and 
mitigate impacts resulting from the final selected alternative.  

Relative Comparison of Endangered Species Impacts 
The water supply and return flow alternatives were analyzed for the relative impacts they 
each could have on preferred habitat for threatened, endangered, or species of special 
concern.  

Habitat Comparison  
The preferred habitat for threatened species, endangered species, and species of special 
concern affected by each alternative was summarized, including temporary impacts that 
would occur during construction and permanent impacts associated with pipeline 
maintenance, aboveground structures, access roads, and groundwater drawdown impacts. 
SEWRPC land use data were used to document habitat affected by each alternative.  

Temporary impacts for pipelines assumed a larger impact area to compensate for machinery 
and material staging for installing the pipeline. After construction is completed the pipeline 
construction area will be restored to a condition similar or better to what existed prior to 
construction in accordance with recommendations from the WDNR and other applicable 
resource agencies. Because the pipeline construction corridor will be restored, permanent 
impacts for pipelines exist only where long-term pipeline maintenance requires a change in 
land use. For example, existing transportation and utility corridors are already routinely 
maintained and no additional maintenance would need to be performed to the 
transportation and utility corridors for the pipelines. Consequently, the potential for long-
term impacts from pipeline corridors are mainly associated with forest and scrub-shrub 
habitat areas where new tree growth would be inconsistent with maintenance goals.  

The estimated temporary and permanent impacts of each alternative are shown in Exhibit 6. 
The tabulated data indicate that the dominant land use affected by the Lake Michigan water 
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supply and return flow alternatives includes utility corridors, transportation land uses, and 
agriculture. The dominant land use affected by the groundwater alternatives, including the 
groundwater drawdown area, consists of agricultural, residential, and wetlands.  

Endangered Resource Inventory 
Preferred habitat requirements for each of the threatened, endangered, and species of 
special concern, based upon NHI information, was summarized and correlated with 
SEWRPC land use types present along the various alternatives. For example, species listed 
by NHI as requiring forest habitat were categorized as woodland species according to the 
SEWRPC land use designations. It should be noted, that depending upon NHI habitat 
requirements, a particular species may be associated with multiple SEWRPC land use 
designations. The list of species, their habitat preferences, and the corresponding SEWRPC 
land use designation assignments are included in Exhibits 7 and 8. Exhibits 7 and 8 are 
provided separately due to the sensitive nature of the potential habitat locations for 
threatened and endangered species. Each water supply and return flow alternative has a 
separate list of species, with the exception of the two groundwater alternatives that share 
one list of species because the area they affect overlaps.  

Once each listed species was assigned to a SEWRPC land use(s), the total number of 
occurrences for each land use type was calculated and used to determine which land use 
types are more likely to represent habitat for listed species. Exhibit 9 contains the relative 
comparison of rare species habitat occurrences by land use type. While individual wetlands 
types (emergent marsh, forested wetland, etc.) were used to designate habitat requirements 
for individual species, all types of wetlands were added together to simplify the comparison 
process.  

Summary of Potential Listed Species Impacts  
A review of Exhibit 9 shows that wetlands habitat is needed for more than half of all listed 
species habitat requirements along the supply and return flow alternatives. Consequently, it 
stands to reason that of all habitats affected by the supply and return flow alternatives, 
wetlands have the greatest potential to provide habitat for listed species. A comparison of 
the amount of wetland habitat acres affected by each alternative, as shown in Exhibit 6, 
indicates that the groundwater supply alternatives would result in permanent groundwater 
drawdown impacts to thousands of acres of wetland habitat. Conversely, the Lake Michigan 
water supply and return flow alternatives have only several acres of potential permanent 
wetland impacts. As such, the groundwater supply alternatives are expected to have 
significant adverse impacts to listed species whereas the Lake Michigan water supply 
alternatives are expected to have minor adverse impacts.  

References 
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Exhibit 1 is provided separately due to the sensitive nature of the potential habitat locations for threatened and endangered species. 
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EXHIBIT 2   
Potential Suitability for Natural Communities - Others   
Relative Comparison of Wildlife, Natural Community, and Endangered Resources   

  Bird Rookery Wet Prairie Springs and Spring Runs Streams Oxbow Lake Mesic Prairie 

Alternative Name 
Relative 

Suitability3 Type Of Impact3,4 
Relative 

Suitability3 
Type Of 
Impact3,4 Relative Suitability3 

Type Of 
Impact3,4 

Relative 
Suitability3 

Type Of 
Impact3,4 

Relative 
Suitability3 

Type Of 
Impact3,4 

Relative 
Suitability3 Type Of Impact3,4 

Water Supply Alternatives                       

Deep and Shallow Wells                       

Pipeline & Aboveground Structures1 Moderate 
Suitability 

Temporary and 
permanent 

N/A N/A Low Suitability Temporary N/A N/A N/A N/A Low Suitability Temporary and 
permanent 

Areas of 1-Foot or Greater Groundwater Drawdown High Suitability Permanent N/A N/A Moderate Suitability Permanent N/A N/A N/A N/A High Suitability No impacts will occur5 

Areas of 5-Foot or Greater Groundwater Drawdown2 High Suitability Permanent N/A N/A Moderate Suitability Permanent N/A N/A N/A N/A High Suitability No impacts will occur5 

Shallow Aquifer and Fox River Alluvium             

Pipeline & Aboveground Structures1 High Suitability Temporary and 
permanent 

N/A N/A Low Suitability Temporary N/A N/A N/A N/A Low Suitability Temporary and 
permanent 

Areas of 1-Foot or Greater Groundwater Drawdown High Suitability Permanent N/A N/A Moderate Suitability Permanent N/A N/A N/A N/A High Suitability No impacts will occur5 

Areas of 5-Foot or Greater Groundwater Drawdown2 High Suitability Permanent N/A N/A Moderate Suitability Permanent N/A N/A N/A N/A High Suitability No impacts will occur5 

Lake Michigan Supply Alternatives             

Lake Michigan-Milwaukee Supply Low Suitability Temporary and 
permanent 

N/A N/A Absent None N/A N/A N/A N/A N/A N/A 

Lake Michigan-Oak Creek Supply N/A N/A Low 
Suitability 

Temporary Absent None N/A N/A N/A N/A High Suitability Temporary 

Lake Michigan-Racine Supply High Suitability Temporary and 
permanent 

N/A N/A Absent None Low 
Suitability 

Temporary Absent None High Suitability Temporary 

Return Flow Alternatives             

Underwood Creek to Lake Michigan N/A N/A N/A N/A Absent None N/A N/A N/A N/A Low Suitability Temporary 

Root River to Lake Michigan N/A N/A N/A N/A Absent None N/A N/A N/A N/A Moderate Temporary 

Direct to Lake Michigan N/A N/A N/A N/A Absent None N/A N/A N/A N/A N/A N/A 
1Includes pipeline alignment, new access roads (15 feet wide), well houses, and WTP. 
2The Areas of the 5-Foot or Greater Groundwater Drawdown is contained within the Areas of the 1-Foot or Greater Groundwater Drawdown. 
3N/A is used when the natural community was not listed by the WDNR NHI results for the alternative, and was not observed during the 2010 Habitat Surveys. 
4Deep and Shallow Wells & Shallow Aquifer and Fox River Alluvium 
Groundwater Drawdowns: All impacts associated with the long-term groundwater drawdown and subsequent habitat type changes will be permanent. These permanent impacts will occur only to bodies of water and all wetlands types. 
Pipeline and Aboveground Structures: “Temporary” impacts are those only associated with construction. While “Temporary and Permanent” impacts include temporary impacts from construction, in addition to the permanent impacts from access roads and 
aboveground structures, and the pipeline maintenance corridors. The permanent impacts for the pipeline maintenance corridors are only a small subset of the “Temporary and Permanent” total. To be conservative, it is assumed that the temporary impacts occur. 
Lake Michigan Water Supply Alternatives 
“Temporary” impacts are those only associated with construction. While “Temporary and Permanent” impacts include temporary impacts from construction, in addition to the permanent impacts from the pipeline maintenance corridors. The permanent impacts for the 
pipeline maintenance corridors are only a small subset of the “Temporary and Permanent” total. To be conservative, it is assumed that the temporary impacts occur. 
Return Flow Alternatives 
“Temporary” impacts are those only associated with construction. While “Temporary and Permanent” impacts include temporary impacts from construction, in addition to the permanent impacts from the pipeline maintenance corridors. The permanent impacts for the 
pipeline maintenance corridors are only a small subset of the “Temporary and Permanent” total. To be conservative, it is assumed that the temporary impacts occur.  
5 No impacts are likely to occur to upland prairie habitats as a result of the groundwater drawdowns. 
Data Sources: Wisconsin Geological and Natural History Survey 2010 Spring Inventory, SEWRPC Land Use Data, and 2010 Habitat Surveys 
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EXHIBIT 3 
Potential Occurrence of Natural Communities - Wetlands 
Relative Comparison of Wildlife, Natural Community, and Endangered Resources 

  Emergent Marsh Shrub-Carr Floodplain Forest 

Alternative Name Relative Occurrence Type Of Impact4 Relative Occurrence Type Of Impact4 Relative Occurrence Type Of Impact4 

Water Supply Alternatives       

Deep and Shallow Wells       

Pipeline & Aboveground Structures1 4 acres Temporary and Permanent 5 acres Temporary and permanent 2 acres Temporary and permanent 

Areas of 1-Foot or Greater Groundwater Drawdown 710 acres Permanent 1,294 acres Permanent 438 acres Permanent 

Areas of 5-Foot or Greater Groundwater Drawdown2 241 acres Permanent 419 acres Permanent 138 acres Permanent 

Deep and Shallow Wells Total3 714 acres  1,299 acres  440 acres  

Shallow Aquifer and Fox River Alluvium       

Pipeline & Aboveground Structures1 4 acres Temporary and Permanent 7 acres Temporary and permanent 8 acres Temporary and permanent 

Areas of 1-Foot or Greater Groundwater Drawdown 1,079 acres Permanent 1,558 acres Permanent 676 acres Permanent 

Areas of 5-Foot or Greater Groundwater Drawdown2 475 acres Permanent 871 acres Permanent 290 acres Permanent 

Shallow Aquifer and Fox River Alluvium Total3 1,083 acres  1,565 acres  684 acres  

Lake Michigan Supply Alternatives           

Lake Michigan-Milwaukee Supply 1 acre Temporary 2 acres Temporary and permanent 3 acres Temporary and permanent 

Lake Michigan-Oak Creek Supply 3 acres Temporary 4 acres Temporary and permanent 4 acres Temporary and permanent 

Lake Michigan-Racine Supply 16 acres Temporary 22 acres Temporary and permanent 4 acres Temporary and permanent 

Return Flow Alternatives       

Underwood Creek to Lake Michigan 2 acres Temporary 2 acres Temporary and permanent 0.5 acres Temporary and permanent 

Root River to Lake Michigan 2 acres Temporary 3 acres Temporary and permanent 7 acres Temporary and permanent 

Direct to Lake Michigan 2 acres Temporary 2 acres Temporary and permanent Absent Not applicable 
1 Includes pipeline alignment, new access roads (15 feet wide), well houses, and WTP. 
2The Areas of the 5-Foot or Greater Groundwater Drawdown is contained within the Areas of the 1-Foot or Greater Groundwater Drawdown. 
3Includes Pipeline & Aboveground Structures and Areas of 1-Foot or Greater Groundwater Drawdown. 
4Deep and Shallow Wells & Shallow Aquifer and Fox River Alluvium 
Groundwater Drawdowns: All impacts associated with the long-term groundwater drawdown and subsequent habitat type changes will be permanent. These permanent impacts will occur only to bodies of water and all wetlands types. 
Pipeline and Aboveground Structures: “Temporary” impacts are those only associated with construction. While “Temporary and Permanent” impacts include temporary impacts from construction, in addition to the permanent impacts from access roads and 
aboveground structures, and the pipeline maintenance corridors. The permanent impacts for the pipeline maintenance corridors are only a small subset of the “Temporary and Permanent” total. To be conservative, it is assumed that the temporary impacts occur. 
Lake Michigan Water Supply Alternatives 
“Temporary” impacts are those only associated with construction. While “Temporary and Permanent” impacts include temporary impacts from construction, in addition to the permanent impacts from the pipeline maintenance corridors. The permanent impacts for 
the pipeline maintenance corridors are only a small subset of the “Temporary and Permanent” total. To be conservative, it is assumed that the temporary impacts occur. 
Return Flow Alternatives 
“Temporary” impacts are those only associated with construction. While “Temporary and Permanent” impacts include temporary impacts from construction, in addition to the permanent impacts from the pipeline maintenance corridors. The permanent impacts for 
the pipeline maintenance corridors are only a small subset of the “Temporary and Permanent” total. To be conservative, it is assumed that the temporary impacts occur. 
Sources: SEWRPC Land Use Data, FEMA Firmette Mapping Database, & 2010 Habitat Surveys. 
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EXHIBIT 4 
Potential Suitability for Natural Communities - Special Wetland Types 
Relative Comparison of Wildlife, Natural Community, and Endangered Resources 

  Southern sedge meadow Calcareous fen   

Alternative Name 
Relative 

Suitabilty3 
Type Of 
Impact3,4 

Relative 
Suitabilty3 

Type Of 
Impact3,4 Comments 

Water Supply Alternatives       

Deep and Shallow Wells       

Pipeline & Aboveground Structures1 Low Suitability Temporary 
and 

permanent 

Low Suitability Temporary and 
permanent 

 Areas of 1-Foot or Greater 
Groundwater Drawdown 

High Suitability Permanent N/A5 N/A5 

 Areas of 5-Foot or Greater 
Groundwater Drawdown2 

High Suitability Permanent N/A5 N/A5 
  

Shallow Aquifer and Fox River Alluvium    

Pipeline & Aboveground Structures1 Low Suitability Temporary 
and 

permanent 

Low Suitability Temporary and 
permanent 

 Areas of 1-Foot or Greater 
Groundwater Drawdown 

High Suitability Permanent N/A5 N/A5 

 Areas of 5-Foot or Greater 
Groundwater Drawdown2 

High Suitability Permanent N/A5 N/A5 
  

Lake Michigan Supply Alternatives      

Lake Michigan-Milwaukee Supply Low Suitability Temporary N/A N/A Southern Sedge Meadow: Although southern sedge meadow was not listed as occurring along this alternative by the WDNR NHI results, PEM 
wetlands that contain sedge species, joe-pye weed, swamp milkweed, and reed canary grass are located along bodies of water and were observed 
along this alternative during the July 2010 surveys. 

Lake Michigan-Oak Creek Supply Low Suitability Temporary Low Suitability Temporary 

 Lake Michigan-Racine Supply Moderate 
Suitability 

Temporary Moderate 
Suitability 

Temporary Southern Sedge Meadow: Although southern sedge meadow was not listed as occurring along this alternative by the WDNR NHI results, PEM 
wetlands that contain sedge species, joe-pye weed, swamp milkweed, and reed canary grass are located along bodies of water and were observed 
along this alternative during the July 2010 surveys. 

Calcareous Fen: Although no calcareous bog or fen areas were observed during the July 2010 habitat surveys, there were areas that the biologists 
were not able to observe.  

Return Flow Alternatives       

Underwood Creek to Lake Michigan Low Suitability Temporary N/A N/A 

 Root River to Lake Michigan Low Suitability Temporary N/A N/A Southern Sedge Meadow: Although southern sedge meadow was not listed as occurring along this alternative by the WDNR NHI results, PEM 
wetlands that contain sedge species, joe-pye weed, swamp milkweed, and reed canary grass are located along bodies of water and were observed 
along this alternative during the July 2010 surveys. 
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EXHIBIT 4 
Potential Suitability for Natural Communities - Special Wetland Types 
Relative Comparison of Wildlife, Natural Community, and Endangered Resources 

  Southern sedge meadow Calcareous fen   

Alternative Name 
Relative 

Suitabilty3 
Type Of 
Impact3,4 

Relative 
Suitabilty3 

Type Of 
Impact3,4 Comments 

Direct to Lake Michigan Low Suitability Temporary Low Suitability Temporary Southern Sedge Meadow: Although southern sedge meadow was not listed as occurring along this alternative by the WDNR NHI results, PEM 
wetlands that contain sedge species, joe-pye weed, swamp milkweed, and reed canary grass are located along bodies of water and were observed 
along this alternative during the July 2010 surveys. 

1Includes pipeline alignment, new access roads (15 feet wide), well houses, and WTP. 
2The Areas of the 5-Foot or Greater Groundwater Drawdown is contained within the Areas of the 1-Foot or Greater Groundwater Drawdown. 
3N/A is used when the natural community was not listed by the WDNR NHI results for the alternative. 
4Deep and Shallow Wells & Shallow Aquifer and Fox River Alluvium 
Groundwater Drawdowns: All impacts associated with the long-term groundwater drawdown and subsequent habitat type changes will be permanent. These permanent impacts will occur only to bodies of water and all wetlands types. 
Pipeline and Aboveground Structures: “Temporary” impacts are those only associated with construction. While “Temporary and Permanent” impacts include temporary impacts from construction, in addition to the permanent impacts from access roads and aboveground 
structures, and the pipeline maintenance corridors. The permanent impacts for the pipeline maintenance corridors are only a small subset of the “Temporary and Permanent” total. To be conservative, it is assumed that the temporary impacts occur. 
Lake Michigan Water Supply Alternatives 
“Temporary” impacts are those only associated with construction. While “Temporary and Permanent” impacts include temporary impacts from construction, in addition to the permanent impacts from the pipeline maintenance corridors. The permanent impacts for the 
pipeline maintenance corridors are only a small subset of the “Temporary and Permanent” total. To be conservative, it is assumed that the temporary impacts occur. 
Return Flow Alternatives 
“Temporary” impacts are those only associated with construction. While “Temporary and Permanent” impacts include temporary impacts from construction, in addition to the permanent impacts from the pipeline maintenance corridors. The permanent impacts for the 
pipeline maintenance corridors are only a small subset of the “Temporary and Permanent” total. To be conservative, it is assumed that the temporary impacts occur. 
5 N/A is used because based on communications from the Vernon Marsh Wildlife Manager no known calcareous fens occur within the groundwater drawdown areas. 
Source: SEWRPC Land Use Data & 2010 Habitat Surveys.  
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EXHIBIT 5 
  Potential Suitability for Natural Communities - Forests 

Relative Comparison of Wildlife, Natural Community, and Endangered Resources 
  Northern Wet Forest Southern Dry Forest Southern Dry-Mesic Forest Southern Mesic Forest Southern Tamarack Swamp 

Alternative Name Relative Suitabilty3 Type Of Impact3,4 Relative Suitabilty3 Type Of Impact3,4 Relative Suitabilty3 Type Of Impact3,4 Relative Suitabilty3 Type Of Impact3,4 Relative Suitabilty3 Type Of Impact3,4 

Water Supply Alternatives           

Deep and Shallow Wells           

Pipeline & Aboveground Structures1 N/A N/A Absent None Absent None Absent None Low Suitability Temporary and 
permanent 

Areas of 1-Foot or Greater 
Groundwater Drawdown 

N/A N/A High Suitability No impacts will 
occur5 

High Suitability No impacts will occur5 High Suitability No impacts will occur5 High Suitability Permanent 

Areas of 5-Foot or Greater 
Groundwater Drawdown2 

N/A N/A High Suitability No impacts will 
occur5 

High Suitability No impacts will occur5 High Suitability No impacts will occur5 High Suitability Permanent 

Shallow Aquifer and Fox River Alluvium          

Pipeline & Aboveground Structures1 N/A N/A Absent None Absent None Absent None Moderate 
Suitability 

Temporary and 
permanent 

Areas of 1-Foot or Greater 
Groundwater Drawdown 

N/A N/A High Suitability No impacts will 
occur5 

High Suitability No impacts will occur5 High Suitability No impacts will occur5 High Suitability Permanent 

Areas of 5-Foot or Greater 
Groundwater Drawdown2 

N/A N/A High Suitability No impacts will 
occur5 

High Suitability No impacts will occur5 High Suitability No impacts will occur5 High Suitability Permanent 

Lake Michigan Supply Alternatives          

Lake Michigan-Milwaukee Supply N/A N/A N/A N/A Low Suitability Temporary and permanent Low Suitability Temporary and permanent N/A N/A 

Lake Michigan-Oak Creek Supply Low Suitability Temporary and 
permanent 

N/A N/A Low Suitability Temporary and permanent Low Suitability Temporary and permanent N/A N/A 

Lake Michigan-Racine Supply Low Suitability Temporary and 
permanent 

Low Suitability Temporary and 
permanent 

Low Suitability Temporary and permanent Low Suitability Temporary and permanent N/A N/A 

Return Flow Alternatives           

Underwood Creek to Lake Michigan N/A N/A N/A N/A Absent None Absent None N/A N/A 

Root River to Lake Michigan N/A N/A N/A N/A Low Suitability Temporary and permanent Low Suitability Temporary and permanent N/A N/A 

Direct to Lake Michigan N/A N/A N/A N/A Low Suitability Temporary and permanent 
(Impacts are unlikely to occur) 

Low Suitability Temporary and permanent 
(Impacts are unlikely to occur) 

N/A N/A 

1 Includes pipeline alignment, new access roads (15 feet wide), well houses, and WTP. 
2The Areas of the 5-Foot or Greater Groundwater Drawdown is contained within the Areas of the 1-Foot or Greater Groundwater Drawdown. 
3N/A is used when the natural community was not listed by the WDNR NHI results for the alternative, and was not observed during the 2010 Habitat Surveys. 
4Deep and Shallow Wells & Shallow Aquifer and Fox River Alluvium 
Groundwater Drawdowns: All impacts associated with the long-term groundwater drawdown and subsequent habitat type changes will be permanent. These permanent impacts will occur only to bodies of water and all wetlands types. 
Pipeline and Aboveground Structures: “Temporary” impacts are those only associated with construction. While “Temporary and Permanent” impacts include temporary impacts from construction, in addition to the permanent impacts from access roads and aboveground 
structures, and the pipeline maintenance corridors. The permanent impacts for the pipeline maintenance corridors are only a small subset of the “Temporary and Permanent” total. To be conservative, it is assumed that the temporary impacts occur. 
Lake Michigan Water Supply Alternatives 
“Temporary” impacts are those only associated with construction. While “Temporary and Permanent” impacts include temporary impacts from construction, in addition to the permanent impacts from the pipeline maintenance corridors. The permanent impacts for the pipeline 
maintenance corridors are only a small subset of the “Temporary and Permanent” total. To be conservative, it is assumed that the temporary impacts occur. 
Return Flow Alternatives 
“Temporary” impacts are those only associated with construction. While “Temporary and Permanent” impacts include temporary impacts from construction, in addition to the permanent impacts from the pipeline maintenance corridors. The permanent impacts for the pipeline 
maintenance corridors are only a small subset of the “Temporary and Permanent” total. To be conservative, it is assumed that the temporary impacts occur. 
5 No impacts are likely to occur to upland forested habitats as a result of the groundwater drawdowns. 
Source: Vernon Marsh Wildlife Manager, SEWRPC Land Use Data & 2010 Habitat Surveys. 
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EXHIBIT 6 
Estimated Land Uses Crossed by the Proposed Alternatives (Acres) 
Relative Comparison of Wildlife, Natural Community, and Endangered Resources 

Alternative Name 

Residential Commercial & Industrial Transportation 
Utilities  

(Power & Comm.) 
Government & 

Institutional Recreational Areas Agricultural Lands Open Lands Woodlands Surface Water 

Temporary 
Land 

Affected1 
(ac) 

Permanent 
Land 

Affected2 
(ac) 

Temporary 
Land 

Affected1 

(ac) 

Permanent 
Land 

Affected2 
(ac) 

Temporary 
Land 

Affected1 
(ac) 

Permanent 
Land 

Affected2 
(ac) 

Temporary 
Land 

Affected1 
(ac) 

Permanent 
Land 

Affected2 
(ac) 

Temporary 
Land 

Affected1 
(ac) 

Permanent 
Land 

Affected2 
(ac) 

Temporary 
Land 

Affected1 
(ac) 

Permanent 
Land 

Affected2 
(ac) 

Temporary 
Land 

Affected1 
(ac) 

Permanent 
Land 

Affected2 
(ac) 

Temporary 
Land 

Affected1 
(ac) 

Permanent 
Land 

Affected2 
(ac) 

Temporary 
Land 

Affected1 
(ac) 

Permanent 
Land 

Affected2 
(ac) 

Temporary 
Land 

Affected1 
(ac) 

Permanent 
Land 

Affected2 
(ac) 

Water Supply Alternatives 

                    Deep and Shallow Wells 

                    Pipeline & Aboveground 
Structures4 11 <0.1 2 0 76 <1 1 0 1 0 1 0 47 27 6 <0.1 0 0 <1 0 

Areas of 1-Foot or Greater 
Groundwater Drawdown 3,996 0 150 0 1,341 0 5 0 98 0 226 0 6,183 0 1,252 0 1,079 0 79 79 

Areas of 5-Foot or Greater 
Groundwater Drawdown5 1,616 0 74 0 419 0 4 0 81 0 32 0 1,977 0 387 0 338 0 7 7 

Deep and Shallow Wells Total6 4,007 <0.1 152 0 1,417 <1 6 0 99 0 227 0 6,230 27 1,258 <0.1 1,079 0 80 79 

Shallow Aquifer and Fox River Alluvium 

                  Pipeline & Aboveground 
Structures4 11 <0.1 2 0 76 1 1 0 1 0 1 0 74 47 6 <0.1 0 0 1 0 

Areas of 1-Foot or Greater 
Groundwater Drawdown 4,216 0 176 0 1,419 0 12 0 99 0 256 0 6,968 0 1,339 0 1,211 0 122 122 

Areas of 5-Foot or Greater 
Groundwater Drawdown5 2,114 0 91 0 604 0 7 0 84 0 149 0 3,342 0 610 0 583 0 38 38 

Shallow Aquifer and Fox River 
Alluvium Total6 4,227 <0.1 178 0 1,495 1 13 0 100 0 257 0 7,042 47 1,345 <0.1 1,211 0 123 122 

Lake Michigan Supply Alternatives           

Lake Michigan-Milwaukee 
Supply 3 0 3 0 67 0 31 0 <1 0 2 0 0 0 8 0 1 0 0 0 

Lake Michigan-Oak Creek 
Supply 10 0 3 0 101 0 59 0 1 0 5 0 4 0 31 0 2 <0.1 <1 0 

Lake Michigan-Racine Supply 9 0 4 0 26 0 8 0 <1 0 4 0 213 0 31 0 8 1 <1 0 

Return Flow Alternatives 

                    Underwood Creek to Lake 
Michigan 2 0 4 0 24 0 51 0 1 0 3 0 0 0 6 0 0 0 <1 0 

Root River to Lake Michigan 2 0 2 0 41 0 51 0 1 0 9 0 0 0 20 0 1 <1 <1 0 

Direct to Lake Michigan 5 0 10 0 92 0 63 0 4 0 5 0 0 0 11 0 <1 0 <1 0 
1 Includes all areas being temporarily impacted by the construction of the supply and return flow alternatives. 
2 Includes all land being disturbed permanently for groundwater drawdowns and the operation of the alternatives, which includes new access roads, new aboveground structures, and pipeline maintenance corridors. 
3 Includes filled/drained wetlands, and flats/unvegetated wet soil areas. 
4 Includes pipeline alignment, new access roads (15 feet wide), well houses, and WTP. 
5The Areas of the 5-Foot or Greater Groundwater Drawdown is contained within the Areas of the 1-Foot or Greater Groundwater Drawdown. 
6Includes Pipeline & Aboveground Structures and Areas of 1-Foot or Greater Groundwater Drawdown. 
Source: SEWRPC Land Use Data 
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EXHIBIT 6 (CONTINUED) 
Land Uses Crossed by the Proposed Alternatives (Acres) 
Relative Comparison of Wildlife, Natural Community, and Endangered Resources 

Alternative Name 

Wetlands  

TOTAL Emergent/Wet Meadow Scrub/Shrub Forested Open Water Other3 

Temporary Land 
Affected1 (ac) 

Permanent Land 
Affected2 (ac) 

Temporary Land 
Affected1 (ac) 

Permanent Land 
Affected2 (ac) 

Temporary Land 
Affected1 (ac) 

Permanent Land 
Affected2 (ac) 

Temporary Land 
Affected1 (ac) 

Permanent Land 
Affected2 (ac) 

Temporary Land 
Affected1 (ac) 

Permanent Land 
Affected2 (ac) 

Temporary Land 
Affected1 (ac) 

Permanent Land 
Affected2 (ac) 

Water Supply Alternatives 

            Deep and Shallow Wells 

            Pipeline & Aboveground Structures4 4 2 5 1 2 1 0 0 <1 0 156 31 

Areas of 1-Foot or Greater Groundwater 
Drawdown 

710 710 1,294 1,294 932 932 89 89 62 62 17,496 4,098 

Areas of 5-Foot or Greater Groundwater 
Drawdown5 

241 241 419 419 307 307 11 11 14 14 5,927 1,306 

Deep and Shallow Wells Total6 714 712 1,299 1,295 934 933 89 89 63 62 17,652 4,129 

Shallow Aquifer and Fox River Alluvium             

Pipeline & Aboveground Structures4 4 2 7 2 11 3 0 0 <1 0 195 55 

Areas of 1-Foot or Greater Groundwater 
Drawdown 

1,079 1,079 1,558 1,558 1,279 1,279 103 103 87 87 19,924 5,507 

Areas of 5-Foot or Greater Groundwater 
Drawdown5 

475 475 871 871 548 548 37 37 33 33 9,586 2,550 

Shallow Aquifer and Fox River Alluvium 
Total6 

1,083 1,081 1,565 1,560 1,290 1,282 103 103 88 87 20,119 5,562 

Lake Michigan Supply Alternatives           

Lake Michigan-Milwaukee Supply7 1 0 2 <1 4 1 <1 0 0 0 123 2 

Lake Michigan-Oak Creek Supply7 3 0 4 1 6 1 <1 0 0 0 230 2 

Lake Michigan-Racine Supply7 16 0 22 4 7 1 2 0 6 0 357 6 

Return Flow Alternatives             

Underwood Creek to Lake Michigan7 2 0 2 0 5 1 <1 0 0 0 101 1 

Root River to Lake Michigan7 2 0 3 <0.1 7 1 <1 0 0 0 140 2 

Direct to Lake Michigan7 2 0 2 0 1 <1 <1 0 <1 0 196 1 
1 Includes all areas being temporarily impacted by the construction of the supply and return flow alternatives. 
2 Includes all land being disturbed permanently for groundwater drawdowns and the operation of the alternatives, which includes new access roads, new aboveground structures, and pipeline maintenance corridors. 
3 Includes filled/drained wetlands, and flats/unvegetated wet soil areas. 
4 Includes pipeline alignment, new access roads (15 feet wide), well houses, and WTP. 
5The Areas of the 5-Foot or Greater Groundwater Drawdown is contained within the Areas of the 1-Foot or Greater Groundwater Drawdown. 
6Includes Pipeline & Aboveground Structures and Areas of 1-Foot or Greater Groundwater Drawdown. 
7The majority of pipeline alignments follow previously disturbed areas and maintained utility corridors. Forested wetlands are generally not present in maintained utility corridors. Potential permanent wetland impacts are consequently conservative. Permanent wetland 
impacts incorporated in the Environmental Report are consequently estimated to be less than 5 acres, minor adverse impact.  

Source: SEWRPC Land Use Data, WWI 
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Exhibit 7 is provided separately due to the sensitive nature of the potential habitat locations for threatened and endangered species. 
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Exhibit 8 is provided separately due to the sensitive nature of the potential habitat locations for threatened and endangered species. 
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EXHIBIT 9 
Relative Occurrence of State- and Federally-Listed Species per Land Use for Each Proposed Alternative 
Relative Comparison of Wildlife, Natural Community, and Endangered Resources 

Alternative Name Residential 
Commercial 
& Industrial Transportation 

Utilities (Power & 
Communication) 

Government & 
Institutional 

Recreational 
Areas 

Agricultural 
Lands 

Open 
Lands Woodlands 

Surface 
Water Wetlands1 

Total Listed 
Species Per Route 

Water Supply Alternatives 

Deep and Shallow Wells2 0% 0% 2% 0% 0% 0% 2% 9% 8% 19% 61% 61 

Shallow Aquifer and Fox River Alluvium2 0% 0% 2% 0% 0% 0% 2% 9% 8% 19% 61% 61 

Lake Michigan-Milwaukee Supply 0% 0% 2% 0% 0% 0% 3% 10% 14% 14% 57% 36 

Lake Michigan-Oak Creek Supply 0% 0% 1% <1% 0% 0% 3% 11% 14% 14% 57% 52 

Lake Michigan-Racine Supply 0% 0% 3% 0% 0% 0% 1% 11% 17% 13% 55% 62 

Return Flow Alternatives 

Underwood Creek to Lake Michigan 0% 0% 3% 0% 0% 0% 3% 12% 15% 14% 52% 38 

Root River to Lake Michigan 0% 0% 2% 0% 0% 0% 4% 12% 15% 13% 54% 35 

Direct to Lake Michigan 0% 1% 3% 1% 0% 0% 3% 13% 13% 13% 52% 43 
1 Includes all wetland types, including, emergent/wet meadow, scrub-shrub, forested, open water, and other. See Exhibit 6.  
2 Includes pipeline, access roads, wells, and WTP, as well as the areas of 1-foot and greater, and areas of 5-foot and greater groundwater drawdown areas. 
Sources: SEWRPC Land Use Data and Wisconsin Dept. of Natural Resources, Natural Heritage Inventory Results 
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T E C H N I C A L  M E M O R A N D U M    

 

Analysis of Biological Communities in Lake Michigan 
Near a Potential City of Waukesha Return Flow 
Discharge 
PREPARED FOR: Waukesha Water Utility 

PREPARED BY: CH2M HILL 

DATE: March 8, 2011 

The following is a review of historical information on biological components of Lake 
Michigan. This information was requested by the Wisconsin Department of Natural 
Resources (WDNR) for the purpose of identifying potential biota in the vicinity of a return 
flow discharge to the open waters of Lake Michigan. This analysis represents typical 
biological components in the project area based upon literature information.  

Invertebrates 

Benthic Macroinvertebrates 
A 1998 survey of the Great Lakes identified 20 taxa of benthic macroinvertebrates in Lake 
Michigan with an average of about 7 taxa per sampling site (Barbiero et al., 2000). As a whole, 
the amphipod Diporeia (formerly Pontoporeia), tubificid oligochaetes, and sphaeriid snails 
dominated the Lake Michigan benthic macroinvertebrate community. However, in near-shore 
areas, oligochaetes were the dominant taxonomic group. The density of benthic 
macroinvertebrates typically ranged from 1,500 to 6,500 organisms per square meter. Additional 
surveys performed during 2002 near the Great Lakes Water Institute with headquarters in 
Milwaukee revealed that oligochaetes and chironomidae were present, as well as freshwater 
sponges, Ectoprocta, mayflies, leeches, isopods, and amphipods. Dreissenid mussel infestations 
(zebra and quagga) were also confirmed on most suitable habitat (USGS, 2011).  

Over the past several decades, the southern basin of Lake Michigan has undergone major 
shifts in nutrient loading and has been invaded by the zebra (Dreissena polymorpha) and 
quagga (Dreissena bugensis) mussels. Reductions in nutrient loadings have reduced the 
overall productivity of the lake and produced a decline in the density of benthic 
macroinvertebrate fauna, particularly oligochaetes and snails, observed between 1980 and 
1987 (Nalepa et al., 1998). The year 1988 marked the beginning of colonization of southern 
Lake Michigan by the zebra mussel and the beginning of a decline in the abundance of 
Diporeia. The filter feeding by zebra mussels in near-shore waters was thought to have 
decreased the amount of food available to the amphipod (Nalepa et al., 1998). 

Plants 

Macrophytes 
The outfall is expected to be in a water depth greater than the maximum rooting depth of 
macrophytes (Eurasian watermilfoil, coontail, and elodea) commonly found in Lake 
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Michigan (WPSC, 2003). Those areas along the outfall pipe into Lake Michigan that might be 
shallow enough to be within the range of water depths that would support macrophyte 
growth are subject to long-shore drift and high-energy wave action. 

Algae 
Free-floating or planktonic algae are present in Lake Michigan, dominated by the diatoms, 
represented by Synedra, Fragilaria, Tabellaria, Asterionella, Melosira, Cyclotella and Rhizosolenia, 
among others. Concentrations of free-floating algae fluctuate during the year, subject to the 
availability of sunlight, water temperatures, and in the cases of diatoms, bioavailability of 
silicon (WPSC, 2003). 

Algae typically found attached to substrate are also present in Lake Michigan. These include 
Cladophora, Ulothrix, Tetraspora, Stigeoclonium, and red algae Asterocytis.  

Fish 
Fish species known to occur in near-shore waters of Lake Michigan include the following 
(WPSC 2003):  

Common Name Scientific Name Common Name Scientific Name 

Alewife Alosa pseudoharengus Round whitefish Prosopium cylindraceum 

Bowfin Amia calva Bloater Coregonus hoyi 

Brook trout Salvelinus fontinalis Rainbow smelt Osmerus mordax 

Brown trout Salmo trutta Gizzard shad Dorosoma cepedianum 

Common carp Cyprinus carpio Lake chub Couesius plumbeus 

Freshwater drum Aplodinotus grunniens Emerald shiner Notropis atherinoides 

Lake sturgeon Acipenser fulvescens Spottail shiner Notropius hudsonius 

Longnose sucker Catostomus catostomus Longnose dace Rhinichthys cataractae 

Muskellunge Esox masquinongy Bluntnose minnow Pimephales notatus 

Northern pike Esox lucieus Sand shiner Notropis stramineus 

Pumpkinseed Lepomis gibbosus Fathead minnow Pimephales promelas 

Rainbow trout Oncorhynchus mykiss Burbot Lota lota 

Rock bass Ambloplites rupestris Slimy sculpin Cottus cognatus 

Smallmouth bass Micropterus dolomieui Largemouth bass Micropterus salmoides 

White bass Morone chrysops Walleye Stizostedion vitreum 

White sucker Catostomus commersoni Johnny darter Etheostoma nigrum 

Yellow perch Perca flavascens Trout-perch Percopsis omiscomaycus 

Lake trout Salvelinus namaycush Three spine stickleback Gasterosteus aculeatus 

Chinook salmon Oncorhynchus tshawytscha Nine spine stickleback Pungitius pungitius 

Coho salmon Oncorhynchus kisutch Brook stickleback Culaea inconstans 

Lake whitefish Coregonus clupeaformis Round goby Neogobius melanpostomus 

 



ANALYSIS OF BIOLOGICAL COMMUNITIES IN LAKE MICHIGAN NEAR A POTENTIAL CITY OF WAUKESHA RETURN FLOW DISCHARGE 

 3 

Evaluation of Potential Impacts to Invertebrates, Plants, and Fish 
Given the discharge water quality requirements for return flow to Lake Michigan, no 
significant permanent impacts are expected to the common invertebrates, plants, and fish in 
Lake Michigan.  

The Wisconsin Department of Natural Resources (WDNR) has provided the City of 
Waukesha with proposed effluent limits and indicated that the City of Waukesha will have 
to meet future water quality effluent standards that are at least as stringent as those 
currently imposed on discharge to the Fox River.1 Further, water quality of the proposed 
return flow has been previously analyzed (Appendix H of the Application, Water Quality 
Model of Proposed Discharge to Underwood Creek (CH2M HILL 2010) and Section 5 of the 
Application). Given the conclusions of the water quality modeling, that Wisconsin Pollutant 
Discharge Elimination System (WPDES) discharge requirements will be no less stringent 
than what is currently discharged to the Fox River, and that the discharge requirements will 
be designed to protect receiving waters, water quality is not expected to have a significant 
permanent effect upon invertebrates, plants, or fish in Lake Michigan. The City of 
Waukesha will work with the WDNR and regulatory community to avoid, minimize, and 
mitigate potential temporary and permanent impacts.  

Evaluation of Potential Impacts to Threatened or Endangered Species 
A search of the online WDNR Natural Heritage Inventory (NHI) database for potential 
threatened and endangered species was conducted, and a list of potential species was 
developed for the area of the Lake Michigan return-flow alternative. The locations of 
specific habitat required for most of these species in near-shore and off-shore areas are 
currently unknown, but likely are limited. Milwaukee County has no federally listed 
species. Wisconsin-protected aquatic resources that could be within the Lake Michigan 
habitat include the following:. 

 Northern cricket frog (endangered status)  
 Blanding’s turtle in shallow bays (threatened status) 
 American bullfrog (special concern status)  
 Greater redhorse (threatened status)  
 Banded killifish (special concern status)  

If an outfall to Lake Michigan were to be implemented, the City of Waukesha would work 
with the resource agencies to evaluate practices and locations to avoid, minimize, and 
mitigate impacts to protected resources.  

Based upon habitat requirements, the northern cricket frog, Blanding’s turtle, and American 
bullfrog would not have suitable habitat near any open water discharge. The greater 
redhorse fish inhabit mainly medium to large rivers, river reservoirs, and large lakes 
(Becker, 1983). The greater redhorse is suspected to exist in the Great Lakes in limited 
numbers near the mouths of tributary streams (Scott and Crossman 1973). Based upon the 
outfall location, it is unlikely that the greater redhorse would be affected by the outfall. 

                                                      
1 WDNR letter from Duane Schuettpelz. October 16, 2008.  
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The banded killifish is common to abundant in many lakes of southeastern Wisconsin and 
has been found in the Green Bay and Lake Michigan shallows of Door County and 
Kewaunee County (Becker, 1983). Banded killifish inhabit the shoal waters and estuaries of 
large lakes and slow current areas of medium to large rivers. Based upon the outfall location 
offshore, it is unlikely the banded killifish would be affected by the outfall.  
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