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Adaptive Management Plan Executive Summary
City of Lodi, Columbia County, WI August 2016

EXECUTIVE SUMMARY

The City of Lodi WPDES Permit was reissued on November 1, 2011. The permit contained a requirement
to comply with a water quality based effluent limit (WQBEL) of 0.075 mg/L as an annual average and 0.22
mg/L as a monthly average for total phosphorus by September 30, 2020. This is the deadline the City
would have to meet if they were to construct upgrades at the wastewater treatment facility to meet the
new WQBEL.

The City has evaluated compliance options and has elected to pursue Adaptive Management (AM), which
has the goal of reducing the in-stream phosphorus concentration of Spring Creek from current levels to
the DNR-established criterion of 0.075 mg/L. This Adaptive Management Plan (AMP) identifies load
reductions needed within the AM Action Area and outlines the general approach for reducing nonpoint
phosphorus loads to Spring Creek. Schedules for implementation are also proposed.

As a requirement of Adaptive Management, the City will still need to reduce phosphorus discharges from
the wastewater treatment facility. Interim phosphorus discharge limits of 0.6 mg/L and 0.5 mg/L will
apply for the duration of Adaptive Management. These interim limits are a reduction from the current
1.0 mg/L permit limit, and can be met without an upgrade to the existing wastewater treatment facility.

Nonpoint source phosphorus loadings from both the urban and rural landscape were quantified and
potential reductions were evaluated. A variety of models were used for this purpose. Ultimately, the bulk
of load reductions are anticipated to occur within the rural watershed. Improvements at specific
barnyards / livestock operations are proposed, and are termed “Hard Practices”, as they require physical
improvements to be constructed at these locations. Modifications to cropping and tillage practices are
also proposed, and are termed “Soft Practices”, as they are implemented across the rural watershed and
do not typically involve significant construction activities.

Urban practices were also evaluated for load reductions and associated cost. Urban reductions would
come from the construction of new wet detention stormwater ponds, or modifications which improve the
performance of existing ponds. However, additional wet detention ponds would be difficult to implement
due to availability of suitable locations within the City. Furthermore, the cost per pound of these practices
(~$400/1b) far exceeds the costs for rural options.

Upon request of the City Council, load reductions for urban practices were also evaluated based upon the
construction of rain gardens instead of wet detention stormwater ponds. The result of this evaluation
showed that rain gardens would remove less phosphorus than wet detention ponds, as expected. The
cost per pound for rain gardens was in the range of $1,800/Ib.

The calculated annual total phosphorous load reduction needed in Spring Creek to achieve the DNR-
established 0.075 mg/L criterion is 714 pounds per year. The minimum load reduction requirement for
the first AM permit term is 68 pounds of phosphorus per year. However, DNR recommendations (50% of
total reduction needed) indicate a reduction of 357 pounds of phosphorus per year within the first AM
permit term. This AM Plan identifies a strategy to remove approximately 1,000 pounds of phosphorus in
the first permit term alone. Admittedly, this is a best case scenario, but is proposed as the recommended
approach to provide greatest long-term flexibility to the City and greatest likelihood for successful
implementation of Adaptive Management.

Project No. 00080036 Page i
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Adaptive Management Plan Executive Summary
City of Lodi, Columbia County, WI August 2016

Anticipated costs for the first 5-year permit term are anticipated to be in the range of $155,000 per year.
Subsequent permit terms would have anticipated annual expenditures of $20,000 - $40,000 per year.

This Adaptive Management Plan builds upon historic efforts within the Spring Creek Watershed by the
Columbia County Land and Water Conservation Department (CCLWCD), UW-Stevens-Point, The Friends
of Scenic Lodi Valley, DNR, Dane County Land and Water Conservation Department, City of Lodi, and MSA.

Project No. 00080036 Page ii
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Adaptive Management Plan Chapter 1 - Background
City of Lodi, Columbia County, WI August 2016

CHAPTER 1 - BACKGROUND

The City of Lodi owns and operates a mechanical wastewater treatment facility (WWTF) that continuously
discharges treated effluent to Spring Creek in the Lake Wisconsin Watershed of the Lower Wisconsin River
Basin. The City’s current Wisconsin Pollutant Discharge Elimination System (WPDES) permit, which was
reissued on November 1, 2011, includes a compliance schedule for meeting future water quality based
effluent limits (WQBEL) of 0.075 mg/L (annual average) and 0.22 mg/L (monthly average) for phosphorus.
The new WQBELs are intended to protect the water quality of Spring Creek and other downstream surface
waters. The proposed WQBELs are significantly more stringent than the WWTF’s current interim
phosphorus limit of 1.0 mg/L (monthly average), and the existing WWTF cannot comply with the WQBELs
without significant treatment process upgrades. Therefore, the City of Lodi must upgrade the existing
WWTF to meet the proposed WQBELs or must consider alternative means of compliance.

As per the phosphorus compliance schedule (Section 4.1) of the City’s WPDES permit, the City has
submitted several reports to the Wisconsin Department of Natural Resources (DNR) to document the
capabilities of the City’s existing WWTF and to evaluate alternatives for achieving compliance with
proposed WQBELs. Based on the findings of the WWWT Phosphorus Optimization and Compliance
Feasibility Report (MSA Professional Services, 2012), the existing WWTF’s chemical phosphorus removal
process can reliably achieve an effluent phosphorus concentration of 0.5 mg/L or less with alum but
cannot be optimized to meet the proposed WQBEL of 0.075 mg/L. According to this report, a tertiary
phosphorus removal process upgrade (filtration or equivalent technology) would be needed to achieve
the WQBEL of 0.075 mg/L. This report also identifies that the City is eligible to implement a voluntary
watershed-based alternative known as Adaptive Management (AM) to comply with the proposed
WQBELs. This alternative would allow the City to implement urban stormwater and/or agricultural best
management practices (BMPs) in the Spring Creek Watershed in lieu of constructing costly tertiary
phosphorus removal process upgrades at the WWTF.

The goal of Adaptive Management is to implement a sufficient number of BMPs upstream of the WWTF
outfall in order to achieve the applicable water quality criterion for phosphorus in the receiving water.
This water quality criterion was established in 2010 by the Wisconsin Department of Natural Resources
(DNR) in order to better protect fish, aquatic life, and human health in Wisconsin’s streams (NR
102.06(3)(b)). BMPs which may be implemented to achieve the water quality criterion include any
practice which may reduce non-point source loadings of phosphorus to the receiving water. Urban BMP
options include stormwater infiltration practices, detention basins, and grassed swales. Rural/agricultural
BMPs can include both hard practices (e.g. barnyard improvements such as clean water diversions and
heavy use protection areas) and soft practices (e.g. nutrient management, reduced tillage, and filter
strips). In many cases, BMP implementation to achieve the water quality criterion of the receiving water
may be less costly than upgrading a WWTF to achieve stringent WQBELs for phosphorus.

In order to be eligible for Adaptive Management, a wastewater permittee must meet the following
criteria:
1. The permittee’s receiving water must exceed the applicable phosphorus criteria.

2. Filtration or equivalent technology must be needed by the permittee to meet the proposed
WQBEL for phosphorus.

Project No. 00080036 Page 1
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Adaptive Management Plan Chapter 1 - Background
City of Lodi, Columbia County, WI August 2016

3. Non-point sources must contribute at least 50% of the total phosphorus load in the permittee’s
receiving water.

The applicable water quality criterion for Spring Creek is 0.075 mg/L. Based on past stream monitoring,
the median phosphorus concentration in Spring Creek directly upstream of the WWTF outfall is 0.078
mg/L. Therefore, Spring Creek exceeds the water quality criterion. As stated above, filtration or
equivalent technology is needed to meet the proposed WQBEL for phosphorus. Lastly, according to DNR'’s
Pollutant Load Ratio Estimation Tool (PRESTO), 92% of the total phosphorus load in Spring Creek is
attributable to non-point sources (http://dnr.wi.gov/topic/SurfaceWater/presto.html). Therefore, the
City of Lodi meets all of the eligibility criteria for Adaptive Management.

In order to determine if a wastewater treatment facility upgrade or Adaptive Management is the preferred
alternative for achieving compliance with the proposed WQBEL, the City of Lodi completed a Preliminary
Compliance Alternatives Plan (MSA Professional Services, 2013). This report estimated that the costs
associated with Adaptive Management would be significantly less than a wastewater treatment facility
upgrade. As a result, the City of Lodi has selected Adaptive Management as the preferred phosphorus
compliance alternative.

In 2015, the City of Lodi began the associated planning efforts needed to implement Adaptive
Management. The purpose of this Adaptive Management Plan (AMP) is to outline the City’s strategy for
reducing phosphorus loadings within the upstream Spring Creek Watershed to reach the in-stream water
quality criterion of 0.075 mg/L. The AMP follows the nine-key-element guidelines provided by the
Wisconsin DNR. Specifically, the plan entails:

Identifying key partners for planning and implementation

Setting load reduction goals

Conducting a watershed inventory

Identifying Critical Source Areas (CSAs) where load reductions will occur
Determining possible BMPs for each CSA

Establishing load reductions by each permit term

Developing a monitoring strategy to gage water quality improvements
Outlining financial needs

Creating an implementation schedule

LN WNE
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City of Lodi, Columbia County, WI August 2016

CHAPTER 2 - IDENTIFY PARTNERS

Identifying local partners is important to the success of the Lodi Adaptive Management Plan (LAMP).
Fortunately, the Spring Creek Watershed already has many active parties interested in water quality
improvements. Tapping into local knowledge, coordinating with other governmental organizations, and
reaching out to public and non-profit groups will improve relationships with local landowners and better
leverage all of the available assets these groups have to offer.

Several past research studies focused on water quality within Spring Creek. The Friends of the Scenic Lodi
Valley, in collaboration with the City of Lodi, Columbia County LWCD, and the DNR, began a sampling
effort in 2011 (Spring Creek Watershed Survey, River Grant Project No. RP-157-09). Phosphorus
concentrations, flow, and other water quality parameters were collected at five sites throughout the
Spring Creek Watershed. Sampling continued through 2012 with researchers from University of
Wisconsin — Stevens Point (Spring Creek Watershed Water Quality Report) collecting more base flow
samples to better understand the current condition of Spring Creek. Some of this sampling data was
utilized to determine the existing phosphorus loading in Spring Creek.

In 2014, Columbia County LWCD published their findings of a detailed assessment of all livestock
operations within the Spring Creek Watershed. This effort entailed visiting all facilities and recommending
possible Best Management Practices (BMPs) to reduce phosphorus loadings to Spring Creek. Phosphorus
loadings for each site were estimated for existing and post-construction conditions using BARNY, a model
which was developed by Wisconsin DNR to estimate phosphorus loads in stormwater runoff from
barnyards and feedlots. Based on recommended BMPs, Columbia County developed preliminary cost
estimates (low and high) for each site. This effort was critical in prioritizing possible improvements, as
sites could easily be evaluated for cost-effectiveness.

Many organizations were contacted as potential partners in the Adaptive Management project. The roles
and responsibilities of all partners who have agreed to participate in the project are summarized below:

Partner Roles & Responsibilities

The City of Lodi will be the lead partner in the Adaptive
Management Project. All major project related decisions will
be made or reviewed by the City. The City will provide a
significant portion of financial assistance for the project
City of Lodi related to technical assistance and BMP implementation costs.
The City will work with other partners to best leverage external
funding sources, establish timelines for proposed projects, and
identify possible opportunities for phosphorus reductions in
the watershed.

MSA Professional Services, Inc. will provide technical
assistance to the City of Lodi. Technical assistance will include
services related to the operation of the City’s wastewater
MSA Professional Services, Inc. treatment facility, engineering services related to BMP
implementation and the quantification of phosphorus
reductions in the watershed, and funding assistance as it
pertains to grant proposals and cost-share applications.

Project No. 00080036 Page 3
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Partner

Roles & Responsibilities

Wisconsin Department of Natural
Resources (DNR)

The Wisconsin DNR will provide regulatory oversight for the
Adaptive Management Project. DNR will coordinate directly
with the City regarding compliance with effluent limits at the
wastewater treatment facility and progress with implementing
the Adaptive Management Plan.

Columbia County Land & Water
Conservation Department (LWCD)

Columbia County LWCD has been supportive of the Adaptive
Management planning efforts and will be an integral partner
in the implementation of the Adaptive Management plan.
Columbia County LWCD will provide regulatory oversight for
the project as well as technical assistance for BMP
implementation which occurs in Columbia County. All BMPs
which are implemented within Columbia County related to
Lodi’'s Adaptive Management Project will be reviewed by
Columbia County LWCD. The Columbia County LWCD will be
relied on for making determinations regarding landowner
compliance with Wisconsin’s agricultural performance
standards and manure management prohibitions which are
listed in NR 151 and for reviewing future landowner
compliance with these rules. Columbia County LWCD has also
agreed to provide cost-share, grant writing, stream
monitoring, and public outreach/education assistance for the
project.

Dane County Land & Water
Resources Department (LWRD)

Dane County LWRD will provide regulatory oversight for the
project as well as technical assistance for BMP implementation
which occurs in Dane County. All BMPs which are
implemented within Dane County related to Lodi’s Adaptive
Management Project will be reviewed by Dane County LWRD.
The Dane County LWRD will be relied on for making
determinations regarding landowner compliance with
Wisconsin’s agricultural performance standards and manure
management prohibitions which are listed in NR 151 and for
reviewing future landowner compliance with these rules.

Wisconsin Department of
Agriculture, Trade, and Consumer
Protection (DATCP)

DATCP staff will primarily be used to provide technical
assistance, public outreach, and public education for the
Adaptive Management Project. Specifically, staff could be
utilized to provide assistance related to nutrient management
planning. DATCP staff have an in-depth knowledge of
Wisconsin’s nutrient management planning regulations and
the SnapPlus computer model which is used to develop
nutrient management plans in accordance with Wisconsin’s
NRCS 590 Nutrient Management Standard. Nutrient
management planning will likely be implemented as part of the
Adaptive Management Plan to reduce phosphorus loadings
from crop fields and pastures in the Spring Creek Watershed.

Project No. 00080036
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Partner

Roles & Responsibilities

Natural Resources Conservation
Service (NRCS)

NRCS will provide technical assistance and financial assistance
for the Adaptive Management Project. NRCS engineers and
technicians may provide technical assistance for BMPs which
are implemented in the rural/agricultural landscape of the
Spring Creek Watershed. It is likely that NRCS programs such
as the Environmental Quality Incentive Program (EQIP) and the
Regional Conservation Partnership Program (RCPP) could
provide cost-share/funding assistance to landowners who
implement BMPs as part of the Adaptive Management Project.

Friends of Scenic Lodi Valley

Friends of Scenic Lodi Valley is a local conservation group that
is interested in protecting land use, geographical features,
environmental quality, and historical heritage which are
important to preserving and promoting quality of life in the
Spring Creek Watershed. The Friends of Scenic Lodi Valley
have pledged to assist with stream monitoring, funding/grant
writing, and public outreach/education. This group is also
interested in promoting rain gardens to reduce non-point
phosphorus loads generated in the City of Lodi.

Clean Wisconsin

Clean Wisconsin will provide technical assistance, public
outreach, and public education related to the Adaptive
Management Project. Clean Wisconsin is involved with several
proposed Adaptive Management projects in Wisconsin.
Therefore, Clean Wisconsin may be able to facilitate
engagement with other Adaptive Management projects or to
provide knowledge sharing between projects as Adaptive
Management projects progress in the future.

Wisconsin Ducks Unlimited, Inc.

Wisconsin Ducks Unlimited, Inc. is a local conservation group
which is interested in conserving, restoring, and managing
wetlands and associated habitats for North America’s
waterfall. Wisconsin Ducks Unlimited has agreed to provide
funding/grant writing assistance, technical assistance, and
public outreach/education for the Adaptive Management
Project.

Other potential partners who have been contacted regarding the Adaptive Management Project are listed
below. Although these groups have not necessarily pledged to provide service related to the Adaptive
Management Project, these groups will continue to be engaged by the City of Lodi to identify possible
opportunities for phosphorus reductions in the watershed and to best leverage external funding sources

for the project.

o Aldo Leopold Chapter of Trout Unlimited
. Columbia County Pheasants Forever

o Dane County Pheasants Forever

. Sand County Foundation

. Southern Chapter of Trout Unlimited

Project No. 00080036
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. Town of Arlington (Columbia County)
. Town of Dane (Dane County)
. Town of Lodi (Columbia County)
. Town of Vienna (Dane County)
o University of Wisconsin — Extension
. University of Wisconsin — Stevens Point Fisheries and Water Resources Department
. Wisconsin Land and Water Conservation Association
Project No. 00080036 Page 6
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Adaptive Management Plan Chapter 3 —Action Area and Load Reduction Goals
City of Lodi, Columbia County, WI August 2016

CHAPTER 3 - DESCRIPTION OF THE SPRING CREEK ACTION

AREA AND LOAD REDUCTION GOALS

3.1 THE ACTION AREA

The Action Area for LAMP consists of the watershed upstream of Lodi’s Wastewater Treatment Facility
(WWTF), which discharges to Spring Creek. The Action Area is within the Spring Creek HUC 12 watershed
(#070700050204) and lies within Columbia and Dane counties. The Action Area boundary was manually
delineated using LiDAR derived contours, and therefore the boundary does not exactly match the HUC 12
boundary provided by the WNDR. Figure 1 displays the proposed Action Area, the DNR’s HUC 12
boundary, and the location of the Lodi WWTF. Table 1 summarizes the size and geographic location of

the HUC 12 watershed and the proposed Action Area.

Table 1: Basic characteristics of the Adaptive Management Action Area.

Total Area of Watershed
HUC and Watershed Name
Acres Sq. Miles
HUC 12: 070700050204
30,000 47
Spring Creek
County Size of Watershed in the County Percentage of watershed within the County
Columbia 15,331 acres 51%
Dane 14,675 acres 49%
What watershed scale was used to develop the action area? Portion of the HUC 12
Size of the Action Area
Acres Square Miles
22,282 35
County Size of Action Area in the County Percentage of Action Area within the County
Columbia 8,966 acres 40%
Dane 13,316 acres 60%

Project No. 00080036 Page 7
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Adaptive Management Plan Chapter 3 —Action Area and Load Reduction Goals
City of Lodi, Columbia County, WI August 2016

3.2 CHARACTERISTICS OF SPRING CREEK

The receiving water targeted for water quality improvements in the LAMP is Spring Creek (Lodi Creek,
WBIC # 1261900). Spring Creek is a Class Il Trout Stream, meaning that the stream has some natural
reproduction of trout, but not enough to maintain a desirable sport fishery (Wisconsin DNR, Trout Stream
Classification). Four miles of the Class Il portion of the stream in Dane County are classified by Wisconsin
DNR as an exceptional resource water (NR 102.11(1)(d)3). Exceptional resource waters include surface
waters which provide valuable fisheries, hydrologically or geologically unique features, outstanding
recreational opportunities, unique environmental settings, and are not significantly impacted by human
activities. Figure 2 displays the mapped floodplains, wetlands, and water resources within the Action Area.
Currently, there are not any waters within the Action Area that are listed as “impaired” according to the
Wisconsin DNR’s update to Section 303(d) of the Clean Water Act. However, Spring Creek is within the
larger Wisconsin River Watershed, which has several reservoir lakes and tributaries that are impaired for
total phosphorus and suspended solids. The Wisconsin DNR is currently developing a Total Maximum
Daily Load (TMDL) for the Wisconsin River Watershed. The TMDL is expected to be completed in 2017 or
2018.

The DNR Pollutant Ratio Estimation Tool (PRESTO) indicates that approximately 8% of the phosphorus
load within the Action Area is from point sources, wastewater treatment facilities or industries which
discharge to phosphorus to surface waters and have a WPDES permit. The Lodi Wastewater Treatment
Facility is the only WPDES permit holder within the Action Area which discharges phosphorus to Spring
Creek. The remaining 92% of the phosphorus load originates from non-point sources, diffuse sources of
phosphorus including contaminated runoff from urban areas, crop fields, and animal feeding operations.
The PRESTO model estimates that a total of 6,744 Ibs of phosphorus is exported from the Action Area
annually (Presto Documentation, Validation & Analysis, Version 1.10, March 2013). Of the annual
phosphorus exported, approximately 5,758 Ib is estimated to be from non-point sources.

3.3 EXISTING PHOSPHORUS DATA FOR SPRING CREEK

Phosphorus monitoring of Spring Creek is critical to understanding the current water quality within the
Action Area and for setting load reduction goals. Fortunately, efforts have been ongoing to collect water
samples from the Spring Creek Watershed. An initial project designed to evaluate the water quality of
Spring Creek was completed in 2011 and 2012. This effort was a partnership of the Friends of Scenic Lodi
Valley, the City of Lodi, the Columbia County Land and Water Conservation Department, the Wisconsin
DNR, and the University of Wisconsin-Stevens Point. The sampling efforts entailed taking bi-weekly grab
samples at five locations, four of which are within the Action Area (LS01, LS02, LS03, and LS05). The water
quality analysis included total phosphorus (TP) and several other parameters. A full summary of the
sampling protocol is outlined in the Spring Creek Watershed Water Quality Report (Radske M. and Turyk
N., 2013). Figure 3 from this report shows the monitoring locations and summarizes the total phosphorus
results of all samples collected in 2011 and 2012. This extensive sampling protocol was discontinued at
the end of 2012.

Project No. 00080036 Page 9
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Adaptive Management Plan
City of Lodi, Columbia County, WI

Chapter 3 —Action Area and Load Reduction Goals
August 2016

Figure 3:

Map of 2012-12 sampling location for the Spring Creek monitoring sites and a boxplot of

the total phosphorus (ug/L) including all samples collected each year (March — November). (Radske M.

and Turyk N., 2013)
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Adaptive Management Plan Chapter 3 —Action Area and Load Reduction Goals
City of Lodi, Columbia County, WI August 2016

Additional phosphorus data for Spring Creek can be found in DNR’s Surface Water Integrated Monitoring
System (SWIMS) database. This database stores chemical, physical, and biological sampling data that was
collected by or submitted to the DNR. In the SWIMS database, there are fifteen sampling sites along
Spring Creek. However, only five of these locations have sampling results available for total phosphorus.
The location of each of the five sampling sites with total phosphorus data for Spring Creek are shown in
Figure 4. As shown, three of these sites are located within the Action Area, and two are located
downstream of the wastewater treatment facility. Phosphorus monitoring results from each of the five
sites are shown in Table 2. It should be noted that the samples in Table 2 were collected by several groups
for various projects and therefore, do not follow a uniform sampling protocol. Also note that many of the
sampling efforts included additional water quality parameters (e.g. temperature, dissolved oxygen, etc.)
which are not included in this report.

Table 2: Spring Creek (receiving water) characteristics and monitoring history.

Receiving Water Characteristics

Name of Reservoirs/Impoundments
on receiving water

Receiving Water Name Downstream Water Stream Order

Spring Creek Lake Wisconsin None 3

Impaired Segments

Is a TMDL scheduled or

Streams on the 303(d) List of Impaired Waters Contaminants of concern
completed?
Lake Wisconsin (downstream of Spring Creek and outside of the Action Area) PCBs, Total Phopshorus, Mercury Expected in 2017 or 2018
Project No. 00080036 Page 12
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Adaptive Management Plan
City of Lodi, Columbia County, WI

Chapter 3 —Action Area and Load Reduction Goals
August 2016

Monitoring History

Station ID: 10031391, Spring Creek (west branch) Upstream of Riddle Rd Bridge

Project Name Date Collected Total Phosphorus (mg/L) Data Source
Response Monitoring 07/16/2010 0.144 SWMS, DNR STORET
NA 03/14/2012 0.066 SWMS, DNR STORET
NA 03/28/2012 0.079 SWMS, DNR STORET
NA 04/10/2012 0.027 SWMS, DNR STORET
NA 04/24/2012 0.110 SWMS, DNR STORET
NA 05/04/2012 0.124 SWMS, DNR STORET
NA 05/09/2012 0.042 SWMS, DNR STORET
NA 05/24/2012 0.053 SWMS, DNR STORET
NA 06/20/2012 0.228 SWMS, DNR STORET
NA 07/05/2012 0.070 SWMS, DNR STORET
NA 07/17/2012 0.069 SWMS, DNR STORET
NA 08/02/2012 0.075 SWMS, DNR STORET
NA 08/14/2012 0.069 SWMS, DNR STORET
NA 08/29/2012 0.075 SWMS, DNR STORET
NA 09/12/2012 0.063 SWMS, DNR STORET

Station ID: 10037079, Spring Creek (west branch) at Riddle Road Bridge

Project Name Date Collected Total Phosphorus (mg/L) Data Source

Wisconsin River Basin Phosphorus Assessment 05/16/2012 0.062 SWMS, DNR STORET

Wisconsin River Basin Phosphorus Assessment 06/13/2012 0.058 SWMS, DNR STORET

Wisconsin River Basin Phosphorus Assessment 07/17/2012 0.082 SWMS, DNR STORET

Wisconsin River Basin Phosphorus Assessment 08/07/2012 0.077 SWMS, DNR STORET

Wisconsin River Basin Phosphorus Assessment 09/11/2012 0.081 SWMS, DNR STORET

Wisconsin River Basin Phosphorus Assessment 10/17/2012 0.108 SWMS, DNR STORET

Wisconsin River 2013 HUC 12 Data Gap Analysis - 05/15/2013 0.050 SWMS. DNR STORET
WCR_18_CMP13B ’ ’

Wisconsin River 2013 HUC 12 Data Gap Analysis - 06/19/2013 0.077 SWMS. DNR STORET
WCR_18_CMP13B ’ ’

Wisconsin River 2013 HUC 12 Data Gap Analysis - 07/15/2013 0.074 SWMS. DNR STORET
WCR_18 CMP13B ) !

Wisconsin River 2013 HUC 12 Data Gap Analysis - 08/15/2013 0.066 SWMS. DNR STORET
WCR_18_CMP13B ) !

Wisconsin River 2013 HUC 12 Data Gap Analysis - 09/18/2013 0.064 SWMS. DNR STORET
WCR_18 CMP13B ’ ’

Wisconsin River 2013 HUC 12 Data Gap Analysis - 10/23/2013 0.034 SWMS. DNR STORET
WCR 18 CMP13B ’ g
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Adaptive Management Plan Chapter 3 —Action Area and Load Reduction Goals
City of Lodi, Columbia County, WI August 2016

Station ID: 10010951, Spring Creek - Lodi-Spring Cr Sewage Treat. Plant to Fair St Bridge

Project Name Date Collected Total Phosphorus (mg/L) Data Source

Response Monitoring 07/16/2010 0.195 SWMS, DNR STORET
NA 03/16/2011 0.103 Columbia County
NA 04/07/2011 0.098 Columbia County
NA 04/27/2011 0.093 Columbia County
NA 05/04/2011 0.045 Columbia County
NA 05/18/2011 0.046 Columbia County
NA 05/25/2011 0.147 Columbia County
NA 06/01/2011 0.071 Columbia County
NA 06/16/2011 0.082 Columbia County
NA 07/06/2011 0.121 Columbia County
NA 07/13/2011 0.074 Columbia County
NA 08/09/2011 0.059 Columbia County
NA 08/25/2011 0.055 Columbia County
NA 09/11/2011 0.045 Columbia County
NA 09/18/2011 0.050 Columbia County
NA 09/28/2011 0.068 Columbia County
NA 10/19/2011 0.039 Columbia County
NA 11/02/2011 0.038 Columbia County
NA 11/10/2011 0.147 Columbia County
NA 03/14/2012 0.081 SWMS, DNR STORET
NA 03/28/2012 0.065 SWMS, DNR STORET
NA 04/10/2012 0.026 SWMS, DNR STORET
NA 04/24/2012 0.105 SWMS, DNR STORET
NA 05/04/2012 0.127 SWMS, DNR STORET
NA 05/09/2012 0.051 SWMS, DNR STORET
NA 05/24/2012 0.052 SWMS, DNR STORET
NA 06/07/2012 0.044 SWMS, DNR STORET
NA 06/20/2012 0.205 SWMS, DNR STORET
NA 07/05/2012 0.062 SWMS, DNR STORET
NA 07/17/2012 0.063 SWMS, DNR STORET
NA 08/02/2012 0.063 SWMS, DNR STORET
NA 08/14/2012 0.052 SWMS, DNR STORET
NA 08/29/2012 0.055 SWMS, DNR STORET
NA 09/12/2012 0.051 SWMS, DNR STORET

Project No. 00080036 Page 14
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Adaptive Management Plan Chapter 3 —Action Area and Load Reduction Goals

City of Lodi, Columbia County, WI August 2016
Project Name Date Collected Total Phosphorus (mg/L) Data Source

NA 03/14/2012 0.092 SWMS, DNR STORET

NA 03/28/2012 0.098 SWMS, DNR STORET

NA 04/10/2012 0.037 SWMS, DNR STORET

NA 04/24/2012 0.127 SWMS, DNR STORET

NA 05/04/2012 0.165 SWMS, DNR STORET

NA 05/09/2012 0.102 SWMS, DNR STORET

NA 05/24/2012 0.071 SWMS, DNR STORET

NA 06/07/2012 0.059 SWMS, DNR STORET

NA 06/20/2012 0.226 SWMS, DNR STORET

NA 07/05/2012 0.082 SWMS, DNR STORET

NA 07/17/2012 0.086 SWMS, DNR STORET

NA 08/02/2012 0.069 SWMS, DNR STORET

NA 08/14/2012 0.057 SWMS, DNR STORET

NA 08/29/2012 0.069 SWMS, DNR STORET

NA 09/12/2012 0.080 SWMS, DNR STORET

Volunteers Monitoring Phosphorus 05/22/2013 0.116 SWMS, DNR STORET
Volunteers Monitoring Phosphorus 06/21/2013 0.315 SWMS, DNR STORET
Volunteers Monitoring Phosphorus 07/16/2013 0.095 SWMS, DNR STORET
Volunteers Monitoring Phosphorus 08/20/2013 0.066 SWMS, DNR STORET
Volunteers Monitoring Phosphorus 09/25/2013 0.068 SWMS, DNR STORET
Volunteers Monitoring Phosphorus 10/17/2013 0.057 SWMS, DNR STORET

Project Name Date Collected Total Phosphorus (mg/L) Data Source
Volunteers Monitoring Phosphorus 05/22/2013 0.113 SWMS, DNR STORET
Volunteers Monitoring Phosphorus 06/21/2013 0.780 SWMS, DNR STORET
Volunteers Monitoring Phosphorus 07/16/2013 0.081 SWMS, DNR STORET
Volunteers Monitoring Phosphorus 08/20/2013 0.063 SWMS, DNR STORET
Volunteers Monitoring Phosphorus 09/25/2013 0.061 SWMS, DNR STORET
Volunteers Monitoring Phosphorus 10/17/2013 0.057 SWMS, DNR STORET
Southern DisFrict FoIIon l'Jp Monitoring for 06/05/2015 0.084 SWMS, DNR STORET
Impairment Decisions 2015
Project No. 00080036 Page 15
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Adaptive Management Plan Chapter 3 —Action Area and Load Reduction Goals
City of Lodi, Columbia County, WI August 2016

As part of the Adaptive Management Plan, the City began collecting additional bi-weekly water samples
from Spring Creek in 2015. Bi-weekly sampling occurred during the months of May through October and
included the collection of two grab samples on each sampling day: 1) one sample upstream of the
wastewater treatment facility outfall and 2) one sample downstream of the outfall. This sampling
protocol was started in 2015 and will continue throughout of the life of the Adaptive Management Project.
A more complete description of the monitoring plan is listed in Chapter 7 of this report. The results of the
first year of bi-weekly sampling are shown in Table 3.

Table 3: Bi-weekly water quality sampling results for Spring Creek, both upstream and downstream of
the Lodi Wastewater Treatment Facility outfall.

Date Collected o h(g;;t;e;z; 7(—:;2 ) I?Dhoovzzztorig:q(rzzt/% Downstream Flow (cfs)
05/22/2015 0.045 0.066 36
06/05/2015 0.133 0.120 35
06/19/2015 0.117 0.097 30
07/02/2015 0.074 0.082 NA
07/17/2015 0.099 0.118 33
07/30/2015 0.074 0.075 27
08/14/2015 0.084 0.082 33
08/31/2015 0.085 0.094 42
09/10/2015 0.074 0.082 35
09/25/2015 0.058 0.066 34
10/09/2015 0.055 0.059 35
10/22/2015 0.045 0.050 38

Using the historical sampling data, it can be determined if Spring Creek complies with the water quality
criterion of 0.075 mg/L for phosphorus. Wisconsin Administrative Code Chapter NR 217.13(2)(d)
establishes the method for estimating the in-stream phosphorus concentration (Cs) which should be used
for comparison with the water quality criterion. According to NR 217, the concentration that is used shall
equal the median of at least four samples collected during the months of May through October. All

Project No. 00080036 Page 16
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Adaptive Management Plan Chapter 3 —Action Area and Load Reduction Goals
City of Lodi, Columbia County, WI August 2016

samples collected during a 28-day period must be considered as a single sample and the average of the
concentrations used when estimating the median concentration. Where data is available from more than
one year in the last five years, all of the data may be used to estimate the in-stream phosphorus
concentration. Based on the NR 217 criteria, the in-stream concentration was calculated at each of the
five monitoring stations from the SWIMS database which have publically available phosphorus sampling
results for Spring Creek. As per NR 217, only data which was collected in the past five years (2011 to 2015)
and during the months of May through October was used for the purposes of calculating the median
concentration at each site. NR 217 calculated medians for each monitoring station are shown Table 4 and
Figure 4. As shown, four out of the five monitoring sites exceed the water quality criterion for phosphorus.

Table 4: NR 217 median concentration phosphorus concentrations for samples collected from Spring
Creek (collected between May thru November in 2011-2015)

. NR 217 Calculated Median
Station ID Samples Collected

(mg/L)
10031391 10 0.078
10037079 12 0.071
10010951* 36 0.078
10011031 17 0.113
10039888 7 0.084

*Note: Samples for Station 10010951 include phosphorus samples from the SWIMS database (see
Table 2) and grab samples immediately upstream of the WWTF outfall from 2015 (see Table 2). All
other stations only use data available from the SWIMS database (see Table 2).
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Adaptive Management Plan Chapter 3 —Action Area and Load Reduction Goals
City of Lodi, Columbia County, WI August 2016

3.4 DETERMINING THE EXISTING PHOSPHORUS LOAD

In order to set a load reduction target, it is necessary to have an estimate for the current phosphorus
loading at the furthest downstream point in the Action Area (i.e. immediately upstream of the Lodi
Wastewater Treatment Facility). This loading will be the baseline condition and represents the current
status of the watershed. This loading and observed in-stream concentration can then be compared
against the water quality criterion of 0.075 mg/L to estimate the phosphorus load reduction required.

As part of the Adaptive Management Plan, bi-weekly grab samples were collected upstream of the
wastewater treatment plant from May to October in 2015. Automated sampling equipment was also
installed downstream of the WWTF to monitor continuous water depth (measurements at 1-minute
intervals). This depth was applied to a rating curve, which was established using a HEC-RAS hydraulic
model of Spring Creek, to determine stream flow (see Appendix A). Grab samples immediately upstream
of the treatment plant were also collected in 2011 and 2012 (see Table 4, Station 10010951) in addition
to select streamflow measurements (Radske and Turyk, 2013). Collectively this data was used to estimate
the current phosphorus load in the receiving water:

] o b 365 days
Current Load in Recieving Water [—] = Q¢ X (3 X834 x ———
yr yr
where: Qs = annual average flow rate of the recieing water [MGD]

m
Cs = NR 217 calculated median phosphorus concentration [Tg]

8.34 = converion factor

Using the NR 217 calculated median phosphorus concentration of 0.078 mg/L for Station 10010951 (see
Table 4) and the average stream flow of 36.93 cfs (23.87 MGD) when these samples were collected, the
current phosphorus load in the receiving water is calculated using the equation above as 5,688 lb/year
(23.87 MGD x 0.078 mg/L x 8.34 x 365 days/yr = 5,668 lb/yr). This estimate is very close to the most likely
non-point source load which was estimated using PRESTO. PRESTO estimated the current phosphorus
load in the receiving water to be 5,758 Ib/yr (Presto Documentation, Validation & Analysis, Version 1.10,
March 2013).

The load contributed by the WWTF can be determined several ways, such as using the current loading,
the loading at the facility’s design flow, or the predicted loading in 20-years. The Adaptive Management
guidelines dictate that phosphorus load reduction goals should be based on the facility’s design flow.
However, the Lodi WWTF design flow is considerably higher than the predicted flow in 20-years. This is
because the WWTF was designed when Lodi’s population was rising quickly, and therefore the facility was
designed to accommodate this growth. Since that time, the City’s growth rate has slowed, and therefore
the projected population is significantly less. The most recent Population Projections from the Wisconsin
Department of Administration indicate the 2035 population projection for the City of Lodi is 3,790.
Application of the 2013 per capita daily flow rate of 101 gallons per capita per day to the projected 2035
population yields a future average daily flow of 0.383 MGD (3,790 capita x 101 gal/capita/day x (1
Mgal/1,000,000 gal) = 0.383 MGD). The Adaptive Management permit requires an interim phosphorus
limit of 0.5 mg/L in the 2nd and 3rd permit term of phosphorus compliance. Using these values of flow
and concentration, the projected load from the Lodi Wastewater Treatment Facility can be calculated
using the equation below:
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] ) Ib 365 days
Projected Point Source Load [—] =(Q,X(C, X834 x ———
yr yr
where: Q. = projected average annual flow rate of WWTF [MGD]

m
C, = projected average ef fluent phosphorus concentration [Tg]

8.34 = converion factor

Based on the projected 2035 average annual flow of the WWTF of 0.383 MGD and the anticipated average
phosphorus concentration of 0.5 mg/L, the projected phosphorus load from the Lodi Wastewater
Treatment Facility is calculated as 583 Ib/yr (0.383 MGD x 0.5 mg/L x 8.34 x 365 days/yr = 583 |b/yr).

3.5 LoAD REDUCTION TARGET

The phosphorus load reduction target is determined by adding the current upstream load within the
receiving stream to the projected load from the WWTF and then subtracting the receiving water’s
allowable load based on the water quality criterion. The allowable load in Spring Creek can be calculated
with the equation below:

] o b 365 days
Allowable Load in Receiving Water [y_r] =(Qs+ Q) XxWQC x8.34x y—r
where: Qs = annual average flow rate of the recieving water [MGD]
Q. = projected average annual flow rate of WWTF [MGD]
m
WQC = water quality criterion for phosphorus [Tg]

8.34 = Converion Factor

Using the previous values of 23.87 MGD for Qs, 0.383 MGD for Qe, and the water quality criterion (WQC)
of 0.075 mg/L for Spring Creek, the allowable phosphorus load in Spring Creek is calculated as 5,537 Ib/yr
([23.87 MGD + 0.383 MGD] x 0.075 mg/L x 8.34 x 365 days/yr = 5,537 Ib/yr).

Using the current receiving water load, projected point source load, and allowable load in the receiving
water, the future phosphorus load reduction goal for the watershed can be determined using the equation
below:

b

Phosphorus Reduction Needed [_r

b b
= Current Load in Receiving Water [;] + Projected Point Source Load [y_r]

b
— Allowable Load in Receiving Water [y_r]
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Based on this equation, the phosphorus reduction needed to bring Spring Creek into compliance with the
water quality criterion is 714 Ib/yr (5,668 Ib/year + 583 Ib/year — 5,537 lb/year = 714 Ib/year).

Using the methodology presented above, phosphorus load reductions were estimated for each future
permit term of Adaptive Management compliance as shown in Table 5. As shown, the phosphorus
reduction needed to reach the water quality criterion in Spring Creek is variable for each permit term.
This is due to an increase in average flows at the wastewater treatment facility over time and different
interim phosphorus limits in each permit term. Since permittees have up to three permit terms (15 years)
to achieve the water quality criterion in the receiving water, the phosphorus load reduction which is
calculated for Permit Terms #2 and #3 is the most reasonable goal for the City to pursue. Therefore, 714
Ib/yr was selected as the long term phosphorus reduction goal for the Spring Creek Action Area. It should
be noted that load reduction goals will be recalculated at the end of each permit term in order to account
for actual changes in wastewater loadings and non-point source loadings to Spring Creek.

Within the first permit term of Adaptive Management compliance, permittees are required to offset, at a
minimum, the fraction of the total phosphorus load reduction which is attributable to the WWTF. This
fraction is calculated by first estimating the permittee’s percent contribution of the total downstream
phosphorus load during Permit Term #1. As shown in Table 5, the estimated effluent phosphorus load
from the WWTF during the first permit term is 584 Ib/yr, and the total downstream load is estimated as
6,252 Ib/yr. Therefore, the WWTF’s percent contribution of the total downstream load is:

b
584—

yr
7 =930
lb %
6,252—
yr

WWTF s Percent Contribution =

Next, the minimum phosphorus load reduction needed in Permit #1 can be estimated by multiplying the
WWTF’s percent contribution to the downstream load by total load reduction needed to meet the water
quality criterion. As shown in Table 5, the total phosphorus load reduction needed to meet the water
quality criterion in Permit Term #1 is 729 Ib/yr. Therefore, the minimum amount of phosphorus which
must be removed from the watershed by the City of Lodi in Permit Term #1 is:

lb lb
Minimimum Load Reduction Required = (9.3 %)(729—) = 68—
yr yr

Although the minimum load reduction required in Permit Term #1 is 68 Ib/yr, the City of Lodi will attempt
to remove at least 50% of the long term phosphorus reduction goal of 714 Ib/yr within Permit Term #1.
Therefore, the goal of the City is to remove at least 357 |b of phosphorus per year from the Spring Creek
Action Area prior to the end of the first permit term.
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Table 5: Estimated phosphorus loading and total load reduction requirements.

Permit Term #1 Permit Terms #2 & #3 WWTF @ Design Flow

(2017-2021) (2022-2031) (2032+)
Stream Flow (MGD) 23.87 23.87 23.87
Upstream Phosphorus Concentration (mg/L) 0.078 0.078 0.078
Upstream Phosphorus Load (lb/yr) 5,668 5,668 5,668
WWTF Flow (MGD) 0.320 0.383 0.542
WWTF Phosphorus Concentration (mg/L) 0.60 0.50 0.50
WWTF Phosphorus Load (lb/yr) 584 583 825
Total Downstream Load (Ib/yr) 6,252 6,251 6,493
Allowable Downstream Load (Ib/yr) 5,523 5,537 5,573
Total Load Reduction Needed (Ib/yr) 729 714 920
WWTF % Contribution 9.3% 9.3% 12.7%
Minimum Load Reduction Required (lb/yr) 68 N/A N/A

In addition to the phosphorus load reductions presented above, a more conservative load reduction goal
that incorporates phosphorus loadings from storm events is outlined in Appendix B. Phosphorus
reduction goals are much higher if phosphorus loadings from storm events are considered. Due to the
complexities of phosphorus fate and transport at the watershed scale it is possible that the phosphorus
load reductions estimated in Table 5 may not be sufficient to achieve the water quality criterion in Spring
Creek by the end of the 3rd permit term of Adaptive Management compliance. If BMP implementation
doesn’t appear to significantly affect the phosphorus concentration by the end of Permit Term #2, it is
recommend that the City consider adjusting phosphorus removal goals to more closely match the goals

which are presented in Appendix B.
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Adaptive Management Plan Chapter 4 — Watershed Inventory
City of Lodi, Columbia County, WI August 2016

CHAPTER 4 - WATERSHED INVENTORY

The proposed Adaptive Management Action Area covers 34.8 square miles, and is the headwaters for the
Spring Creek watershed lying within Dane and Columbia counties. The only named stream within the
Action Area is Spring Creek, and there are not any large open bodies of water. The Lodi Marsh covers a
relatively large region of the Action Area, stretching from Dane County across into Columbia County. The
marsh is a large wetland complex with natural springs. The march contains the segment of Spring Creek
which is classified as an exceptional resource water. The surrounding landscape is primarily agricultural,
and includes portions of two urbanized areas: the City of Lodi and the Village of Dane.

The topography of the Action Area generally slopes from higher elevations in the northeast (~1200 feet
max. elev.) and the southwest (~1160 feet max. elev.), and drains towards the City of Lodi where the
elevation is ~800 ft. The outlet of the Action Area is immediately downstream of the WWTF outfall within
the Lodi corporate limits. Figure 5 displays the topography for the region.

There are 150 different soil types within the Action Area. Of these, the majority are classified as silt loam
(78.3%) followed by loam (11.5%) and sandy loam (4.6%). Table 6 shows all of the soils within the Action
area with more than 1% coverage and some of the basic soil properties. Of particular interest is the Soil
Erodibility Factor (K). This is a numerical value which represents the susceptibility of a given soil to
erosion. The greater the value of K for a given soil, the more likely the soil is to erode. Clay soils typically
(fine texture) have low K values since they resist detachment from other soil particles. Sandy soils (coarse
texture) also have low K values. Sandy soils are easily detached from other soil particles, but sandy soils
typically have lower runoff rates than other soils and therefore have a lower potential to be transported
during storm events. Soils with high silt content typically have the highest K values, as they are the most
erodible soils. Within the Action Area, K values range from 0.02 to 0.55. Figure 6 summarizes the
distribution of K values by land area within the Action Area. Figure 7 displays geographical distribution of
soil K Factors, and Figure 8 shows the different erodibility for soils within the Action Area.
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Adaptive Management Plan Chapter 4 — Watershed Inventory
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Figure 6  Soil erodibility Factor (K) distribution within the Action Area.

K-Factor
Percent Coverage of the Action Area

0.11-0.2
6%
0.02-0.1
<1% 0.21-0.3
.. 1%
Undefined
12%
0.41-0.55
25%
0.31-0.4
53%

Itis also notable that approximately 51% of the Action Area is comprised of soils which are listed as having
a Land Capability Classification of Class 2. The Land Capability Classification of soil is a system of grouping
soils primarily on the basis of their capability to produce common cultivated crops and pasture plants
without deteriorating over a long period of time. Soils defined as Land Capability Class 2 have moderate
limitations that reduce the choice of plants and/or require moderate conservation practices.
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Table 6: Soils within the Action Area, with more than 1% coverage by area.
Erodibility Factor Hydrologic Soil

Area(ac) % Cowver Frequency of Flooding (Kl Group County

PnB Plano silt loam, 2 to 6percent slopes 22042 9.9 None Uneroded or slightly eroded 032 B Columbia Silt Loam Undefined
PnB Plano silt loam, till substratum, 2 to 6percent slopes 11354 5.1 None Uneroded or slightly eroded Undefined B Dane Silt Loam Undefined
B Troxel silt loam, 1to 3 percent slopes. 1030.4 16 None Uneroded or slightly eroded 037 B Dane Silt Loam Undefined
KdD2 Kidder loam, 12 to 20 percent slopes, eroded 915.3 4.1 None Moderately eroded 015 B Dane Loam 2
Mdcz2 McHenry silt loam, 6to 12 percent slopes, eroded 876.5 3.9 MNaone Moderately eroded 043 B Dane Silt Loam 2
RnB Ringwood silt loam, 2to 6 percent slopes 666.5 30 None Uneroded or slightly eroded 043 B Dane Silt Loam Undefined
DnC2 Dodge silt loam, 6to 12 percent slopes, eroded 6316 28 None Moderate ly eroded 032 B Dane Silt Loam 2
RdC2 Ringwood silt loam, 6to 12 percent slopes, eroded 504.5 27 None Moderate ly eroded 032 B Columbia Silt Loam 2
GwC Griswold loam, 6to 12 percent slopes 538.9 2.4 Maone Uneroded orslightly eroded 032 B Dane Loam Undefined
PnC2 Plano silt loam, 6to 12 percent slopes, eroded 470.6 21 None Moderately eroded 0.32 B Columbia Silt Loam 2
DnB Dodge silt loam, 2to 6 percent slopes. 446.7 2.0 None Uneroded or slightly eroded 0.49 B Dane Silt Loam Undefined
RnC2 Ringwood silt loam, 6to 12 percent slopes, eroded 4432 4 20 None Moderate ly eroded 032 B Dane Silt Loam 2

TsA Troxel silt loam, Oto 3 percent slopes. 4212 19 None Uneroded or slightly eroded 032 B Columbia Silt Loam Undefined
LaD2? Lapeer fine sandy loam, 12 to 20 percent slopes, eroded 407 6 18 None Moderate ly eroded 032 B Columbia iandyLoan 2
SmC2 Seaton silt loam, 6 to 12 percent slopes, eroded 404.9 18 None Moderate ly eroded 0.49 B Dane Silt Loam 2
MdD2 McHenry silt loam, 12to 20 percent slopes, eroded 305.0 18 None Moderate ly eroded 043 B Dane Silt Loam 2
WxD2 ‘Whalan silt loam, 12to 20 percent slopes, eroded 373.6 17 None Moderate ly eroded Undefined C Dane Silt Loam 2
KdC2 Kidder loam, 6to 12 percent slopes, eroded 352.6 16 None Moderate ly eroded 0.37 B Dane Loam 2

Ho Houghton muck 3309 15 MNone Uneraded or slightly eroded Undefined AJD Dane Muck 2

ScB 5t. Charles silt loam, 2 to 6percent slopes 3227 14 None Uneroded or slightly eroded Undefined B Dane Silt Loam Undefined
PnA Plano silt loam, Oto 2 percent slopes 319.5 14 None Uneroded or slightly eroded 032 B Columbia Silt Loam Undefined
RdB2 Ringwood silt loam, 1to 6 percent slopes, eroded 306.9 14 None Moderate ly eroded 032 B Columbia Silt Loam 2
MeC2 McHenry silt loam, 6to 12 percent slopes, eroded 277.7 12 None Moderate ly eroded 043 B Columbia Silt Loam 2
DuE2 Dunbarton silt loam, 20to 30 percent slopes, eroded 256.5 12 MNone Moderately eroded 043 s} Dane Silt Loam 2
PoB Plano silt loam, gravelly substratum, 2 to 6percent slopes 2515 11 None Uneroded or slightly eroded Undefined B Dane Silt Loam Undefined
Grc2 Griswold silt loam, 6to 12 percent slopes, eroded 247.2 11 None Moderate ly eroded 032 B Columbia Silt Loam 2
PnA Plano silt loam, till substratum, Oto 2 percent slopes 2413 11 None Uneroded or slightly eroded 037 B Dane Silt Loam Undefined
OsA Ossian silt loam, 0to 3 percent slopes 239.2 11 Occasional Uneroded or slightly eroded 032 B/D Columbia Silt Loam Undefined
WxC2 ‘Whalan silt loam, 6to 12 percent slopes, eroded 234.7 11 Mone Moderately eroded 043 cC Dane Silt Loam 2
CaEz Channahon silt loam, 12to 30 percent slopes, eroded 2212 10 None Moderate ly eroded 037 o] Columbia Silt Loam 2
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The land within the Action Area is dominated by agriculture (crops and pasture), encompassing
approximately 70% of the total area. Other land cover consists of woods/forest, grassland, urban
development, and wetlands. The Lodi Marsh State Wildlife Area falls within Action Area covering 1,209
acres, accounting for approximately 5.4% of the total land area. Figure 9 displays the current land use as
derived from the 2014 Cropland Data Layer, collected by the USDA-NRCS using satellite imagery. All
agricultural crops (e.g. corn, soybean, wheat, etc.) were grouped into a single category (Cropland) for
simplicity.

By looking at multiple years of the Cropland Data Layers, it is possible to infer crop rotations in agricultural
areas. The Wisconsin DNR’s Erosion Vulnerability Assessment for Agricultural Lands (EVAAL) tool was
used to develop a Crop Rotation dataset for the Action Area (Figure 10) based on the USDA-NRCS Cropland
Data Layers from 2009 through 2013. An abbreviated summary of how the crop rotations are classified
during this 5-year period is outlined below, but a comprehensive description is provided within the “EVAAL
Methods” documentation.

e The ‘continuous corn’ classification was assigned to land with at least 3 years of corn and no
other crops.

e The ‘cash grain’ rotation was assigned to land with at least 2 years of corn and soy/grain but no
other crops.

e The ‘dairy rotation’ was assumed for land that had at least one year of alfalfa and one year of
corn/soy/grain. It was also assigned to land with 1 year of potatoes and 1 year of alfalfa and no
other vegetables.

e The ‘potato/vegetable’ classification was assigned to land with at least 1 year of potatoes or
other vegetables.

o The ‘pasture or hay or grassland’ classification was assigned to land that had at least 2 years of

pasture/alfalfa but no other crops.
e All other land was assumed to be ‘no agriculture’.
A broad overview of the existing land use is provided in Table 7. It outlines the approximate land area

associated with different land use types, crop rotations, and estimated livestock density. Different tillage
practices are best assessed via a windshield survey in the spring, before new crops cover the soil.
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Adaptive Management Plan Chapter 4 — Watershed Inventory
City of Lodi, Columbia County, WI August 2016

Table 7: Land use within the Action Area.

Current Land Use Source: 2014 USDA-NRCS Cropland Data Layer
Land Use Approximate Land Cover (ac) |Approximate Land Cover (%) | Typical Impervious Fraction/Runoff Coefficient | Approximate Impervious Area in Watershed
Developed, low density 478 2.1% 0.30 0.6%

Developed, medium density 134 0.6% 0.50 0.3%

Developed, high density 23 0.1% 0.70 0.0%

Urban open areas 887 4.0% 0.05 0.2%

Wetland 887 4.0% 0.08 0.3%

Forest 4,507 14.7% 0.10 1.5%

Grassland 58 0.2% 0.10 0.0%
Cropland/Pasture/Hay 15,305 60.6% 0.10 6.1%

Animal Feedlots unknown unknown 0.75 unknown

Water 4 0.02% 0.00 0.0%

Total 22,281 100% 9.0%

Description of Cropping Practices Source: 2009 to 2013 USDA-NRCS Cropland Data Layers; crop rotations derived through EVAAL modeling.
Common Rotations Approximate Land Cover (ac) Approximate Land Cover (%)

Dairy Rotation 8,399 50.2%

Pasture or Hay or Grassland 3,230 19.3%

Cash Grain 2,989 17.9%

Continuous Corn 1,936 11.6%

Other crop 176 1.0%

Total 16,731 100% (75% of the total watershed)

Tillage Practices

To be determined in Spring 2016*

Livestock Density Source: STEPL Input Data Server, using data from USDA Census of Agriculture 2007. Scaled down from HUC 12 Spring Creek to Action Area by land area.
Animal Type Approximate number of animals in watershed

Beef 318

Dairy 1,420

Pork 1,032

Poultry 8,856

Other 439

Comments

*A review of current tillage practices will be completed in the Spring of 2016 via a wind shield survey.

It is important to know if regions of the Action Area might transition from one land use to another. For
example, a property that is currently agricultural might be subdivided into residential lots. This will impact
how Critical Source Areas are selected, since many BMPs that target phosphorus load reductions are
highly dependent on the existing land use and management practices. To estimate potential areas where
development occurs, future land use plans were reviewed for both Columbia and Dane County. In
Columbia County, the future land use for 2030 (updated in 2014) was supplied by the County in GIS format.
In Dane County, a printed map for the Town of Dane (adopted in 2002) was reviewed and converted into
a GIS dataset. A combination of both datasets are show in Figure 11, and calls out potential areas where
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future development might occur within the Action Area. It should be noted that both of these datasets
are approximate, and should not be referenced as definitive sources. They are included here simply as an
additional planning tool for the Adaptive Management Project, and specific questions regarding projected
land uses should be directed to the appropriate county officials.
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Adaptive Management Plan Chapter 5 — Critical Source Areas
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CHAPTER 5 - IDENTIFY WHERE REDUCTIONS WILL OCCUR
(CRITICAL SOURCE AREAS)

Phosphorous load reductions can occur anywhere within the proposed Action Area. However, in the
interest of efficiency, it is beneficial to identify locations where phosphorus reductions are likely to be the
most cost effective. In other words, identification of those locations that might be contributing higher
phosphorus loads relative to other locations within the Action Area is desirable. These locations are called
‘Critical Source Areas’ (CSAs); they are both a likely source of phosphorus and also likely to readily
transport phosphorus to receiving waters. Since the Action Area only contains one permitted point-
source contributor to Spring Creek (the Lodi Wastewater Treatment Facility), the CSAs within the Action
Area are all non-point source contributors.

5.1 RURAL CRITICAL SOURCE AREAS

In order to more readily identify the CSAs in rural areas, a two-fold approach was utilized.

l. First, the Wisconsin DNR offers a GIS-based model called ‘Erosion Vulnerability Assessment for
Agricultural Lands’ or EVAAL. This model uses publically available geospatial data to identify
regions that are vulnerable to erosion, and therefore are more likely to export phosphorus into
receiving waters. It uses two methods to estimate erosion: (1) sheet and rill erosion using the
Universal Soil Loss Equation and (2) gully erosion using the Stream Power Index. The output of
the model is a geospatial grid (an image) where each pixel of the output ‘ranks’ its relative erosion
vulnerability. The rank can only be compared to other locations within the Study Area, and is
therefore project specific. The results can be aggregated to the parcel level, providing a graphical
method to select those parcels with the highest average ‘rank’ for potential erosion. These
locations are best suited for implementing “soft” Best Management Practices, such as grassed
waterways, reduced tillage, buffer strips, etc. For the purposes of this evaluation, “Hard” Best
Management Practices consist of physical, engineered improvements, such as manure storage,
covered feed lots, and clean water diversions to direct rainwater away from animal staging areas,
etc. Hard Practices can also be thought of as “Bricks and Mortar” type approaches.

It should be noted that the model was run without knowing where soft BMPs have already been
implemented. For example, the model might suggest that a particular field is vulnerable to gully
erosion due to the existing topography. However, the landowner might be proactive in their
management methods and may have already established a grassed waterway, protecting the soil
from concentrated flows and significantly reducing gully erosion. This location would be initially
identified by EVVAL as a CSA, but after accounting for the existing management practices, it would
no longer be considered a CSA. Therefore, the outputs from EVAAL were carefully reviewed, using
aerial imagery and a windshield survey. A more complete description of the EVAAL modeling
effort is included in Appendix D.

II.  The second approach for identifying CSAs entailed collaboration with the Columbia County Land
and Water Conservation Department. The County conducted an NR 151 Livestock Inventory for
all of the existing Livestock Operations within the Spring Creek Watershed (HUC 12), and each
operation was analyzed using the BARNY model. This model can estimate the phosphorus loading
from the edge of the lot before and after a series of BMPs are implemented. Those sites that had
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low edge-of-lot phosphorus discharge (<15 lbs of phosphorus per year) were not modeled for
BMP installation. A cost estimate (low and high) was also determined to evaluate the cost-
effectiveness of upgrading each barnyard to reduce phosphorus loadings. These CSAs target
“hard” Best Management Practices at livestock facilities, as described previously, such as
modifying gutters, installing sediment basins, or updating manure storage facilities. A copy of the
County’s Report is located in Appendix E.

Finally, it was necessary to develop a cut-off criteria to prioritize the CSAs. Adaptive Management hinges
on seeing measurable reductions in phosphorus concentrations immediately downstream of the Lodi
Wastewater Treatment Facility. Although implementing a specific practice upstream in the watershed
will reduce phosphorus loading from that particular parcel of land, it is challenging to accurately predict
the fate and transport component of how the rest of the watershed will respond and how it may manifest
at the WWTF. For example, if 1,000 lbs of phosphorus per year are removed by a specific BMP at an
upstream location, will the results of that reduction be visible at the Wastewater Treatment Plant in the
form of reduced in-stream phosphorus concentrations?

Of particular concern is how the Lodi Marsh will effect fate and transport. Wetlands are notoriously
difficult to model, and (depending on environmental factors) have been known to be both a source and a
sink for phosphorus. Unfortunately, the scope of the Adaptive Management project does not allow for
full-scale modeling of the Lodi Marsh, and therefore its impact on fate and transport of phosphorus is
unknown at this time. Therefore, CSAs located upstream of the Lodi Marsh were considered to be a lower
priority, since effects of reductions upstream of the Marsh may or may not be evident at the WWTF.
Additional sampling was completed in 2015 near the outlet of the Marsh (upstream of the Riddle Road
bridge) to get a better estimate of phosphorus loading passing through the Marsh. The goal of this
investigation was to gain an understanding of whether the rest of the Action Area contributes a large
enough fraction of the total phosphorus present within the Action Area to make Adaptive Management
feasible without placing a large number of BMPs in the Marsh subwatershed. This effort estimated that
approximately 60% of the total phosphorus load at the WWTF drains through the Marsh (Appendix C).

Cropland CSAs were selected based on EVAAL modeling at the parcel level using the following criteria:

o High EVAAL score: The selected parcels had an average EVAAL rank of 1.25 or greater. These
areas have a higher relative potential for erosion and associated phosphorus loading than other
sites in the watershed.

e Larger Parcel Size: Larger parcels are often better suited for soft management practices. For
example, it might be challenging to operate large machinery around BMPs if the parcel is too
small. The parcel cut off size was set at 10 acres.

e Location within the Action Area: Parcels that were not upstream of the Lodi Marsh were
considered to be a higher priority since the fate and transport impact of the Marsh is unknown at
this time.

e Common Adjacent Landowner: Often groups of parcels are owned or managed by the same
landowner. If a specific parcel was identified by EVAAL using the above criteria, all of the adjacent
parcels were reviewed to determine if there was a common landowner. If yes, these parcels were
added to the CSA. Future planning efforts for BMPs will likely include all of the properties owned
by an individual, to determine the best site for BMP installation.
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e OQutside of Possible Future Development Areas: Many of the BMPs will be located on agricultural
lands. For the longevity of the Adaptive Management Project, it is important to consider how
possible future development will impact the lifespan of any partnership with a specific landowner.

Barnyard CSAs were selected based on Columbia County’s BARNY modeling of livestock sites and
expanded to the parcel level using the following criteria:

e Possible Phosphorus Load Reductions: The phosphorus load reductions associated with BMP
installation at each livestock operation were obtained from Columbia County.

e Estimated BMP Cost: Sites were ranked in order of magnitude with respect to cost per pound of
phosphorus removed. Initially, a cut-off for the Top 20 sites was established. The Top 20 sites
had phosphorus reductions ranging from 7 lbs/site to 277 Ibs/site. Costs per pound ranged from
roughly $7/Ib to $52/Ib (construction cost), or roughly $9/Ib to $65/lb (construction cost +
engineering and administrative cost).

e Location within the Action Area: Sites located far upstream and particularly those within the
Marsh Watershed were removed from the list due to the unknowns of fate and transport.
Ultimately, 7 priority sites were identified as being critical sources where reductions were most
likely to have measureable impacts on the water quality immediately downstream of the City of
Lodi WWTF.

e Common Adjacent Landowner: Often groups of parcels are owned by the same landowner. If a
specific parcel was identified by BARNY using the above criteria, all of the adjacent parcels were
reviewed to determine if there was a common landowner. If yes, these parcels were added to
the CSA. Future planning efforts for BMPs will likely include all of the properties owned by an
individual.

This initial set of criteria can be easily modified as the Adaptive Management Project progresses. More
CSAs can be identified by loosening the criteria set above, and provide the next ‘tier’ of possible locations
for implementing BMPs. Figure 12 and Figures 13A-D identify the 16 CSAs determined through the above
selection process. Note that some of the CSAs extend beyond the Action Area boundary. This is typically
due to common adjacent landownership; BMPs implemented for the LAMP should be carefully reviewed
to ensure that any improvements would results in phosphorus reductions within the Action Area.

A windshield survey of all sixteen of the CSAs was completed in the fall of 2015. Although such surveys
are often completed in the spring (after snow melt and before substantial plant growth on agricultural
fields) the timeline for the submittal of the LAMP did not allow for this effort to be completed in the
spring. Even in the fall of 2015, the windshield survey clearly identified areas where BMPs would be
needed. Additional site surveys would be carried out prior to implementing new BMPs as needed. These
future windshield surveys will further identify existing and potential BMPs within the CSAs. Table 8
identifies the CSAs and the potential BMPs that could be implemented on each property, as determined
by the windshield survey (for soft management practices) and from Columbia County’s 2013 report
reviewing existing barnyard practices.

It should be noted that all BMPs which are implemented to reduce non-point phosphorus loadings from
rural critical source areas will be designed, installed, and maintained according to applicable NRCS
technical standards. In addition, all practices will be reviewed by the Columbia County Land & Water
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Conservation Department or Dane County Land and Water Resources Department prior to
implementation.
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Table 8: Rural Critical Source Areas and potential best management practice s (BMPS).

Land within  Cropland in Pasture in
Action Area  Action Area  Action Area Potential Soft Practices Potential Hard Practices

(ac) (ac) (ac)

Critical Selection Parcel Area

Source Area Criteria (ac)

Nutrient Management (if needed),
Contour Farming, Contour Buffer

1 EVAAL 1818 76.0 >2.8 4.0 Strips, Filter Strips, Continued Use
of Cover Crops
Nutrient Management (if needed),
2 EVAAL 207.5 207.5 176.8 1.9 Grassed Waterways, Contour

Farming, Contour Buffer Strips,
Filter Strips, Cover Crops

Nutrient Management (if needed),
Grassed Waterways, Contour

3 EVAAL 35.7 35.7 25.9 2.2 Farming, Contour Buffer Strips,
Filter Strips, Cover Crops, Grade
Stabilization Structure

Barnyard Heavy Use Area Protection,

4 Analysis 795 794 23:5 363 Buffer, Natural Buffer
Nutrient Management (if needed),
EVAAL and Reduced Tillage/Reduced Fall
5 Barnyard 213.1 213.1 153.9 4.4 Tillage, Contour Farming, Contour  Diversions, Roof Gutters
Analysis Strips, Contour Buffer Strips, Filter

Strips, Cover Crops

Nutrient Management (if needed),
Reduced Tillage/Reduced Fall

6 EVAAL 189.3 189.3 168.1 5.2 Tillage, Contour Farming, Contour
Strips, Contour Buffer Strips, Filter
Strips, Cover Crops
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Selection
Criteria

Critical
Source Area

Parcel Area

(ac)

Land within
Action Area

(ac)

Cropland in
Action Area

(ac)

Pasture in
Action Area

(ac)

Potential Soft Practices

Potential Hard Practices

Roof Gutters, Livestock

7 Barnya.rd 1407 1407 76.9 20.0 Exclusm?n, Heavy Use Arez.a
Analysis Protection, Sediment Basin,
Buffers
Di )
Reduced Tillage/Reduced Fall Tillage, versions, Rooqutters,
Barnyard Contour Farming, Contour Strips Livestock Exclusion, Heavy
8 ya 143.0 142.9 93.8 23.9 §, ~-ontour Stips, Use Area Protection,
Analysis Contour Buffer Strips, Filter Strips, .
Cover Crons Waterways, Sediment
P Basin, Buffers
Nutrient Management, Contour leer5|ons, Rooqutters,
EVAAL and Farming Contour Buffer Strins. Filter Livestock Exclusion, Lanes,
9 Barnyard 269.7 269.7 142.8 28.3 . & PS: Heavy Use Area Protection,
. Strips, Cover Crops, Grade . .
Analysis I Sediment Basin, Waste
Stabilization Structure
Storage
Nutrient Management (if needed),
10 Barnya.rd 265.6 265.6 2127 25 Reduced Tillage, antogr Farm|.ng, Diversions, Roof Gutters,
Analysis Contour Buffer Strips, Filter Strips, Buffer
Cover Crops
11 EVAAL 159.5 159.5 116.2 12.4 TBD
Nutrient Management (if needed),
12 EVAAL 163 163 325 12.2 Reduced Tillage, Contour Farming,

Contour Strips, Contour Buffer
Strips, Filter Strips, Cover Crops
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Land within  Cropland in Pasture in
Action Area  Action Area  Action Area Potential Soft Practices Potential Hard Practices

(ac) (ac) (ac)

Critical Source Selection Parcel Area

Area Criteria (ac)

Nutrient Management (if needed),
13 EVAAL 139.9 139.9 65.3 2.7 Contour Farming, Contour Buffer
Strips, Filter Strips, Cover Crops

Nutrient Management (if needed),

EVAAL and Grassed Waterways, Reduced Roof Gutters, Heavy Use
14 Barnyard 209.7 209.7 139.9 4.1 Tillage/Reduced Fall Tillage, Area Protection, Sediment
Analysis Contour Farming, Contour Buffer Basin, Buffers

Strips, Filter Strips, Cover Crops
Nutrient Management (if needed),
Grassed Waterways, Reduced
Tillage/Reduced Fall Tillage,
Contour Farming, Contour Strips,
Contour Buffer Strips, Filter Strips,
Cover Crops

Nutrient Management (if needed),
Grassed Waterways, Reduced
Tillage/Reduced Fall Tillage,
Contour Farming, Contour Strips,
Contour Buffer Strips, Filter Strips,
Cover Crops

*Note: Parcel area based on GIS parcel data obtained from Dane and Columbia Counties. Cropland and pasture areas determined from Crop Rotations dataset generated through
EVAAL modeling (USDA-NRCS Cropland Data Layers from 2009 through 2013)

15 EVAAL 177.2 177.2 123.7 16.3

16 EVAAL 378.7 369.3 292.1 3.3
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5.2 URBAN CRITICAL SOURCE AREAS

The City completed the Spring Creek Watershed Study & Urban Stormwater Plan in 2009. This plan
included a review all of the existing stormwater BMPs within the then urbanized areas of the City. For the
Adaptive Management project, the 2009 study was revisited with specific attention given to that portion
of the City draining to Spring Creek upstream from the WWTF. This portion of the City includes four
existing stormwater quality ponds (one recently constructed as a recommendation of the 2009 study). In
addition to these structural practices, the City also seasonally operates a street sweeper which, while not
specifically operated for water quality treatment purposes, does result in a reduction of pollutants
discharged to Spring Creek. Note that while this study included an evaluation of existing sweeping
practices, it was never intended that modifications to sweeping practices would be evaluated as a method
for TP reductions for the Adaptive Management Project because street sweeping is on the low end of cost
effectiveness for achieving phosphorus reductions. Rather, street sweeping practices were evaluated
because reductions achieved by sweeping needed to be separately tracked to determine the net benefit
of new and retrofit structural stormwater practices.

The effectiveness of existing stormwater management practices was determined through development
of a WinSLAMM (Source Loading and Management Model [for Windows]) Version 10.0 computer model.
This model estimated the annual loads of TP generated by watersheds tributary to, and removed by,
existing BMPs. Once baseline conditions were established, the urban area was reviewed for possible
retrofits to existing storm sewers as well as for installation of new management practices. Locations for
five (5) alternative future ponds were determined though examination of lands within 300 feet of existing
storm sewers, taking into account the upstream drainage area (i.e. larger drainage areas typically have
higher TP loads and are served by larger diameter sewers). Properties with comparatively lower assessed
values within the 300 foot buffer were identified as potential sites for stormwater quality ponds. Drainage
areas, land use, and runoff and pollutant generation data were developed for each of these BMPs and
conceptual BMPs were evaluated to determine potential additional phosphorus reductions that may be
achieved through their construction. Additionally, review of the individual performance of the existing
BMPs within the study area showed that ponds EX1, EX2, and EX3 all achieved relatively low levels of TP
reduction. Since pond EX3 receives runoff from ponds EX1 and EX2, pond EX3 was identified as a potential
site as a water quality treatment optimization project; a simple modification to the pond’s outlet control
structure was found to achieve a marked improvement in TP capture rates.

Table 9 highlights the existing BMP structures, and possible new BMP locations that could be implemented
for Adaptive Management. Table 9 also shows the relative costs per pound of TP captured using the
proposed BMPs on a 20-year present value basis. As shown, the cost per pound of phosphorus removed
is significantly higher than costs previously discussed for hard practices and soft practices on the rural
landscape.

As another method of comparison, if the total cost of proposed BMPs ($521,525) is divided by the total
mass of phosphorus reduced (64.6 Ib/year) over a 20-year lifespan for the BMPs, the resultant cost per
pound may be calculated as $521,525 / (64.6 Ib/yr * 20 years) = $404. Costs for BMPs on the rural
landscape are projected to be in the range of $50 - $60 per pound.

After presentation of a draft version of this report, City Council members requested that urban BMPs be
re-evaluated assuming that they would be implemented in the form of rain gardens, similar to the recently
installed Lodi Community Rain Garden. Table 10, below, presents TP reduction efficiency and present
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worth TP reduction costs for each proposed BMP if installed as a rain garden as opposed to the previously
discussed wet detention ponds. The rain gardens were evaluated assuming that they would occupy the
same footprint as the wet ponds, and were modeled following standard protocols as identified in WNDR
Conservation Practice Standard 1004. The use of rain gardens in place of ponds produced less overall TP
reductions in addition to having larger construction costs.

To provide a final point of comparison between the wet detention ponds and the rain gardens, the
resultant cost per pound of TP reduction is calculated to be $1,795/yr. This is substantially higher than
the efficiency of the proposed wet detention ponds, let alone proposed agricultural practices.

Figure 14 shows the location of each proposed improvement within the City, as well as the associated
subwatershed. A full description of the urban WinSLAMM modeling is provided in Appendix F.
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Table 9: Alternative Stormwater BMP Cost-Effectiveness.

. Total TP Capture

Dr:'r':;g < TP Load E ff?cl;z"r,rc TP Trapped  Construction Present

4 Cost Worth?

(Ibs/yr) (Ibs/yr) ($/1b/yr)
EX3 47.3 49! $20,000 $311
PR1 17.5 14.4 54.6 7.9 $84,700 $549
PR2 61.1 54.8 45.5 25.0 $89,300 $185
PR3 14.6 10.5 34.6 3.6 $92,725 $754
PR4 24.1 22.2 50.3 11.2 $132,200 $358
PR5 78.9 48.6 24.7 12.0 $102,600 $258

Totals 64.6 $521,525

1. Net additional TP trapped following modifications to the existing pond outlet structure.
Assumes that annual maintenance represents 2% of initial construction cost (maintenance costs for pond EX3 assumed to be equal
to the average of all other proposed ponds); that the maintenance life span is 20 years, and that the applied inflation rate is
4.625%.
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Table 10: Alternative Stormwater BMP Cost-Effectiveness — Rain Gardens.

BMP Total TP Capture

Drai
r:lrr:;g - TP Load Efficienc TP Trapped  Construction Present
y Cost Worth?

(Ibs/yr) (Ibs/yr) ($/1b/yr)

PR1 — Rain Garden 17.5 14.4 16.0 2.3 $120,830 $2,856

PR2- Rain Garden 61.1 54.8 12.4 6.8 $139,320 $1,140

PR3- Rain Garden 14.6 10.5 10.5 1.1 $81,740 $1,816

PR4- Rain Garden 24.1 222 14.4 3.2 $164,710 $1,877

PR5— Rain Garden 78.9 48.6 9.3 45 $136,030 $1,160
Totals 17.9 $642,630

1. Assumes that annual maintenance represents 2% of initial construction cost; that the maintenance life span is 20 years, and that
the applied inflation rate is 4.625%.
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CHAPTER 6 - ESTIMATE LOAD REDUCTIONS EXPECTED BY
PERMIT TERM

The Adaptive Management Compliance option allows permittees up to three permit terms, each 5-years
in length, to achieve the water quality criterion in the receiving water. During the first Adaptive
Management permit term, the WWTF will be required to meet an interim effluent phosphorus limit of 0.6
mg/L. In the second and third permit terms, the interim effluent phosphorous limit will be 0.5 mg/L. If
the in-stream water quality criterion of 0.075 mg/L is not attained within the first permit term, the AM
Plan may require modification. Additional measures would be required during the second and third AM
permit terms until the in-stream phosphorus criterion is achieved. Once the phosphorus criterion is
attained, the WWTF would continue discharging at the 0.5 mg/L effluent limit as long as the phosphorus
concentration in the stream remains below 0.075 mg/L.

The total phosphorus load reduction of 714 Ib/yr would be required in the second and third permit terms.
It is possible that additional load reductions may be needed in these permit terms in order to achieve the
in-stream water quality criterion, and the AM Plan would be reviewed and adjusted accordingly. Within
the first permit term, a minimum of 68 Ib/yr need to be reduced. However, the Lodi AM Plan has a goal
to reduce at least 357 Ibs/yr (50% of the calculated total load reduction required for AM) prior to the end
of the first permit term under Adaptive Management.

The load reductions from each CSA at this time are estimates. Certain BMPs will be more feasible with
existing management activities, and more accurate load reduction estimates will be completed after
detailed knowledge of the existing conditions is obtained from cooperating landowners on a site-specific
basis. As a result, the load reductions resulting from AM measures will be updated prior to
implementation.

Finally, CSA’s were broadly categorized into two categories: those to be considered within the first permit
term, and those to be considered within the second or third permit term. Prioritization was based on
several different factors including feedback from local landowners, discussions with Columbia County
LWCD, and the windshield survey. Although initial efforts will follow this prioritization, the order of
implementation will likely change over time. Additional CSAs were purposefully included within the
planning process to account for unknown factors including: the participation rate by local landowners, the
types of practices implemented and the associated reduction efficiencies, and the fate and transport
component.

6.1 LOAD REDUCTIONS IN RURAL AREAS

Load reductions in rural areas will come from both hard and soft practices. The estimated load reductions
and cost estimates from hard practices were derived from the County’s 2014 Livestock Assessments.
These reductions are listed in Table 11, and can be cross referenced to the County’s original report
(Appendix E). Cost estimates and load reductions will be refined upon discussions with landowners and
implementation of BMPs.
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Table 11: Timeline and cost estimates for implementation of rural hard practices.

Critical Source Recommended BMPs Load Reduction Implementation

Estimated Cost (S) Timeframe

Area (Ib/yr)

Heavy Use Area Protection,

Buffer, Natural Buffer 83 $31,250 - $62,500 Permit Term 2/3

5 Diversions, Roof Gutters 27 $6,250 - $12,500 Permit Term 2/3

Roof Gutters, Livestock
Exclusion, Heavy Use Area
Protection, Sediment Basin,
Buffers
Diversions, Roof Gutters,
Livestock Exclusion, Heavy
8 Use Area Protection, 277 $156,250 - $187,500 Permit Term 1
Waterways, Sediment Basin,
Buffers
Diversions, Roof Gutters,
Livestock Exclusion, Lanes,
9 Heavy Use Area Protection, 241 $281,250 - $312,500 Permit Term 1
Sediment Basin, Waste
Storage

154 $50,000 - $62,500 Permit Term 1

Diversions, Roof Gutters,

10 Buffer

30 $18,750 - $31,250 Permit Term 2/3

Roof Gutters, Heavy Use Area
14 Protection, Sediment Basin, 48 $31,250 - $43,750 Permit Term 2/3
Buffers

Estimating the load reductions resulting from soft management practices is less definitive, since practices
will vary significantly in their reduction efficiency based on topography, current management practices,
and proximity to the stream. Also, individual landowners may adopt different subsets of the soft practices
based on their own preferences. Therefore, two methodologies were used to estimate the possible load
reduction efficiencies of soft practices.

One method incorporates SnapPlus modeling to estimate field scale phosphorus load reductions.
SnapPlus is a publically available computer software program which is used in Wisconsin to develop
nutrient management plans and to estimate sediment and phosphorus loadings from crop fields and
pastures. For the purposes this report, SnapPlus modeling was performed on one farm in the Action Area.
The farm which was chosen for SnapPlus modeling included three different tracts which were located in
three topographically different areas of the Action Area. One of the three tracts which were analyzed was
identified as a CSA using the EVAAL model. The farm included crop fields and pastures which were
believed to be representative of other crop fields and pastures in the watershed. In addition, the
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landowner kept sufficient records of soil test results, nutrient applications, etc. which were needed to
estimate phosphorus load reductions for various BMPs.

Using the P Trade Report in SnapPlus, a series of realistic BMP combinations were modeled for the site to
determine the phosphorus reduction potential. Based on this modeling effort, it was estimated that on
average approximately 0.3 Ib/ac/yr of phosphorus can be removed by implementing soft practices on crop
fields within the watershed. It should be noted that the selected farm already utilized many best
management practices such as no-till and cover crops to reduce non-point pollution. Therefore, it is likely
that phosphorus reductions of greater than 0.3 Ib/ac/yr can likely be quantified for CSAs in the action area
which do not incorporate these BMPs. For the purposes of estimating phosphorus load reductions at
other CSAs within the watershed, this site-specific phosphorus reduction of 0.3 Ib/ac/yr was applied to all
of the other rural CSAs within the Action Area. While it is understood that SnapPlus modeling is highly
site specific, this estimate is likely conservative and should provide a realistic estimate for the potential
load reductions achievable within the CSAs. A more detailed description of the SnapPlus modeling process
is included in Appendix G.

The second method used to estimate phosphorus reductions from soft practices incorporates the
estimated BMP efficiencies taken from the EPA’s STEPL model (Spreadsheet Tool for Estimating Pollutant
Loads). The STEPL model is relatively coarse resolution, designed for use at the HUC 12 watershed scale,
and is intended for use as a planning tool. This model was selected to be paired with the SnapPlus model
to provide a less site-specific estimate for potential phosphorus load reductions.

Based on the windshield survey of the rural CSAs, a complete list of possible soft practices was generated,
and this was further reduced to those practices that were available in the STEPL model: Contour Farming,
Cover Crop, Filter Strip, and Reduced Tillage Systems. The reduction efficiencies of each individual
practice was taken from STEPL. Then, the practices were combined in series using the BMP Calculator
Tool, ranging from combining only two practices to combining all four practices. Table 12 lists the
efficiency from each soft practice combination. Since it is unknown which practices will be implemented
at this time, the average reduction efficiency of all the potential BMP combinations, 74% phosphorus
reduction, was used to estimate the reduction potential for soft practices in the cropland areas of the
CSAs.
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Table 12: Reductions efficiencies for soft practice BMP combinations derived from STEPL modeling.

Number of Phosphorous Sediment Reduction
Practices Reduction Efficiency Efficiency

Contour Farming 0.55 0.41
Cover Crop 0.25 0.35
Filter Strip 0.75 0.65
Reduced Tillage Systems 0.45 0.75
Contour Farming, Cover Crop 0.66 0.61
Contour Farming, Filter Strip 0.89 0.79
Contour Farming, Reduced Tillage Systems 0.75 0.85
Cover Crop, Filter Strip 0.81 0.77
Cover Crop, Reduced Tillage Systems 0.59 0.84
Filter Strip, Reduced Tillage System 0.86 0.91
Contour Farming, Cover Crop, Filter Strip 0.92 0.87
Contour Farming, Cover Crop, Reduced Tillage Systems 0.81 0.90
Contour Farming, Filter Strip, Reduced Tillage Systems 0.94 0.95
Cover Crop, Filter Strip, Reduced Tillage System 0.90 0.94
Contour Farming, Cover Crop, Filter Strip, Reduced Tillage System 0.95 0.97
Average 0.74 0.77
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The average phosphorus load reduction (Ib/acre cropland) was then modeled for the entire HUC 12 Spring
Creek Watershed, applying the averaged BMP reduction efficiency as calculated in Table 12 (0.74 for
phosphorus and 0.77 for sediment). The combined BMP was applied 100% of the cropland within the
modeled area. The remaining input data was provided by the EPA’s STEPL Input Data Server. Table 13
outlines the data inputs used within STEPL for the Spring Creek watershed; note that the water and ‘other’
land use categories were not used within the modeling (accounting for ~6% of the total land area). All
other values were left as defaults.

The STEPL model predicts that 40,730 Ibs of phosphorus are exported form the Spring Creek Watershed
each year, with 32,980 lb/yr from cropland (81%). Applying the average BMP efficiency to all cropland
results in a reduction of 24,694 Ib/yr. This translates to a reduction of 1.7 Ibs/acre of cropland. This value
was applied to all cropland areas within the Rural CSAs as the high-end-estimate for potential phosphorus
reductions resulting from soft BMP implementation.

For planning purposes, an average of the SnapPlus and STEPL reductions (lb/acre) may be most
appropriate. This average load reduction is 1.0 Ib/acre. Furthermore, since not all soft practices will be
implemented across all acreage and with all potential landowners, a 50% participation rate is assumed for
soft practices.

Table 13: STEPL data inputs for the HUC 12 Spring Creek Watershed (#070700050204)

Land Use (acres)

Urban Cropland Pasture Forest Feedlot
2188 14555 6232 5297 3
Agricultural Animals
Dairy Cattle # of Months Manure Applied
1914 4
Septic Systems
# of Septic Systems Population per Septic System Septic Failure Rate, %
413 2 0.96

Average soil hydrologic group (SHG)
B

The estimated load reductions for the rural CSAs are listed in Table 14. Cost estimates for soft practices
were assumed to be $60/lb. This value will change, but is considered to be an acceptable cost estimate
for soft practice implementation, including potential technical assistance costs.
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Table 14: Estimated load reductions and costs from soft practices on rural CSAs.

Re;lz:z)ns Load Average
Critical Cropland ) Reductions  Anticipated . .
. . using . Estimated Cost Implementation
Source in Action SnapPlus using STEPL Load ($60/1b) e
Area Area (ac) Estifnate Estimate Reduction
Ib/yr Ib/yr,
(Ib/yr) (Ib/yr) (Ib/yr)
1 52.8 16 90 53 $960 - $5400 Permit Term 2/3
2 176.8 53 301 177 $3180 - $18060 Permit Term 2/3
3 25.9 8 44 26 $480 - $2640 Permit Term 2/3
4 23.5 7 40 24 $420 - $2400 Permit Term 2/3
5 153.9 46 262 154 $2760 - $15720 Permit Term 2/3
6 168.1 50 286 168 $3000 - 517160 Permit Term 2/3
7 76.9 23 131 77 $1380 - $7860 Permit Term 2/3
8 93.8 28 160 94 $1680 - $9600 Permit Term 1
9 142.8 43 243 143 $2580 - $14580 Permit Term 2/3
10 212.7 64 362 213 $3840 - 521720 Permit Term 2/3
11 116.2 35 198 116 $2100 - 511880 Permit Term 2/3
12 325 10 55 33 $600 - $3300 Permit Term 1
13 65.3 20 111 65 $1200 - $6660 Permit Term 2/3
14 139.9 42 238 140 $2520 - 514280 Permit Term 1
15 123.7 37 210 124 $2220 - $12600 Permit Term 1
16 292.1 88 497 292 $5280 - $29820 Permit Term 1
TOTAL 1,897.0 569 3,225 1,897 $34140 - $193500

Of the soft practices discussed above, one practice that has gained recent popularity is the concept of a
harvestable buffer strip. A harvestable buffer consists of a buffer strip that is used to grow a perennial
grass cover which can be harvested and utilized while maintaining the functionality and phosphorus
reductions of grass buffer strips. Dane County Land and Water Conservation has implemented this
program in the Yahara River and the Badfish Creek Watersheds within Dane County. Preliminary findings
from Dane County indicate costs in the range of $22 per pound of phosphorus reduced. This is based
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upon 44 acres of buffer strip along roughly 8 miles of streambank, and an annual phosphorus reduction
of roughly 1,000 pounds. Payments are roughly $500 / acre / year for landowners who sign 10 year
agreements.

If a Buffer Program similar to this were implemented, the City would pay a rental fee, on a per-acre basis,
for farmers to implement buffer strips in along critical areas adjacent to Spring Creek or tributaries thereof
for a period of perhaps 5 or 10 years. Higher rental rates could be offered for 10 year agreements
compared to 5-year agreements. The City could administer this program on their own, or perhaps in
partnership with Dane and Columbia Counties. County technicians could recommend participation in the
program when meeting with landowners and provide information pertaining to the program at the time
of the visit. The goal for the program would be that critical areas could be easily identified, modeled for
phosphorus reductions, Agreements signed, and buffers installed in a relatively straightforward manner.
The buffers could be implemented throughout the CSAs, with multiple landowners and not just CSAs
targeted for hard and/or soft practices.

While the development and implementation of a Harvestable Buffer Program is outside the scope of this
Adaptive Management Plan, it is recommended that a buffer program be investigated and implemented
(if feasible) during the early stages of Adaptive Management. Figure 15 displays the results of a
preliminary assessment for possible buffer locations. Existing elevation data (LIiDAR) was used to generate
a set of concentrated flow paths that drain 10 acres or greater. Concentrated flow paths within the non-
marsh watershed were reviewed against the USDA-NRCS cropland data layer and against aerial imagery
to determine if the flow path was cropped (or adjacent to cropland). These locations might be good
candidates for a Harvestable Buffer Program.
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6.2 LOAD REDUCTIONS IN URBAN AREAS

Based upon comparative cost effectiveness, urban CSAs are not anticipated to be implemented as part of
this project. The average urban structural practices achieves phosphorus reductions at a cost of
approximately $400/lb/yr as opposed to agricultural practices which cost approximately $50/Ib/yr.
Additionally, some of the low cost alternatives require conversion of existing park land to stormwater
management practices, which are anticipated to be unacceptable to the public. Factoring in these social
concerns make it even less likely that structural urban BMPs will be implemented.

However, the 2009 Spring Creek Watershed Study & Urban Stormwater Plan identified several soft
practices that the City chose to undertake to improve the water quality of stormwater discharges. These
included a modified street sweeping regime, leaf collection program, retrofits to road side swale drainage
systems, and additional maintenance of existing storm sewer systems, including routine cleaning of storm
sewer catch basins. These activities are in addition to the construction of EX4, a new urban rain garden
that was constructed as a result of the 2009 Study. All of these efforts are a testament to the City’s
commitment to improving water quality within urbanized areas.

Although urban BMPs are not anticipated at this time, urban BMPs should be still be considered in the
future. Due to uncertainties related to phosphorus fate and transport and legacy phosphorus in the Spring
Creek Watershed, it is possible that the implementation of BMPs in rural CSAs will not result in significant
water quality improvements for some time. It is recommended that urban BMPs be reevaluated in the
future if the City has difficulty achieving the phosphorus water quality criterion of 0.075 mg/L in Spring
Creek.
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CHAPTER 7 — MONITORING

It is necessary to monitor the water quality of Spring Creek in order to assess trends and monitor the
effectiveness of the Adaptive Management Project. The City has developed a standard phosphorus
monitoring program for collecting bi-weekly grab samples upstream and downstream of the WWTF
outfall. Sampling began in May of 2015 and occurs every other Friday during the months of May through
October. City staff collect grab samples from the portion of the stream with the greatest flow, 3-6 inches
from below the water surface, using triple-rinsed sample bottles. Care is taken to not disturb the site or
underlying sediment when collecting the samples. Stream samples are analyzed for total phosphorus,
typically immediately after collection. Samples that need to be analyzed at a later date are adjusted to a
pH of 2 or less with concentrated sulfuric acid and kept refrigerated at 43°F or below prior to analysis.
Laboratory analysis of the samples is completed at the Lodi WWTF, a Wisconsin DNR non-commercial
certified laboratory. The stream sampling protocol and laboratory analysis methodology are summarized
in Table 15. This monitoring strategy will be followed throughout the life of the Adaptive Management
Project.

Table 15: Monitoring locations and phosphorus sampling methodology.

Monitoring Location

Parameters to Sampling

Sample Point Sample Point Description Latitude Longitude be collected Frequency
Spring Creek, Upstream of Total .

1 the Lodi WWTF Outfall 43.320911 | -89.531218 Phosphorus Bi-weekly
Spring Creek, Downstream Total .

2 of the Lodi WWTF Outfall 43.321820 | -89.531164 Phosphorus Bi-weekly

Sampling methodology

Who will collect the . .
City of Lodi Wastewater Treatment Plant Staff

samples?
Name: Lodi Wastewater Treatment Plant
Lab Information Lab ID: 111001770
130 South Main Street
Address: Lodi WI 53555
Methodology Used: SM 4500 (5) and E 1999
Phosphorus Analysis | LOD: 0.008 mg/L
LoQ: 0.028 mg/L
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In addition to the proposed bi-weekly sampling, a short term storm event sampling protocol was
developed in 2015 to gage the water quality impact of storm loads on Spring Creek. A complete
description of this effort is outlined in Appendix B and C. Storm event sampling in 2015 took place
downstream of the WWTF and at the outlet of Lodi Marsh. Additional storm event monitoring will occur
in 2016 and potentially in future years, if deemed necessary.

In the future, it is also recommended that the City of Lodi consider the installation of a permanent and
automated monitoring station upstream of the wastewater treatment facility to measure streamflow in
Spring Creek. To date, only limited streamflow information is available for Spring Creek. A permanent
and automated monitoring station would allow the City to obtain accurate real-time stage and streamflow
data. This information could be useful for developing phosphorus load reduction goals in the future and
may be a helpful for determining the overall success of BMP implementation in the watershed. The
preferred location of a future gaging station would be somewhere upstream of the wastewater treatment
facility outfall and the Fair Street Bridge, which is located approximately 2,000 ft upstream of the outfall.
There are no major inputs of runoff or streamflow between the wastewater treatment facility outfall and
the Fair Street Bridge, making this an ideal location for a permanent monitoring station. The Fair Street
Bridge or the pedestrian bridge, located approximately 1,500 ft upstream of the wastewater treatment
outfall, would be potential advantageous locations to install a future permanent monitoring station.
Often monitoring stations are installed near bridges to provide easy access to equipment. It is
recommended that the Village consider the installation of a permanent streamflow monitoring station
during the first permit term of the Adaptive Management Project.
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CHAPTER 8 - FINANCIAL SECURITY

The City of Lodi has evaluated the potential costs of Adaptive Management over the last three years.
Specifically, both the Operations and Needs Review (MSA, November 2012) and the Preliminary
Compliance Alternatives Plan (MSA, October 2014) contained evaluations and assessments of the
potential cost for Adaptive Management.

Cost estimates to date were based solely upon the completion of Hard Practices at Livestock Sites and
implementation of nutrient management planning for the majority of the action area. The costs of hard
practices were obtained through the efforts of Columbia County Land and Water Conservation
Department’s 2014 Livestock Inventory. This AM Plan has taken the evaluation one step further, in that
the Hard Practices have been further prioritized to include seven (7) livestock operation CSAs and also
includes the costs and associated reductions resulting from soft practice implementation throughout the
16 CSAs within the AM Action Area.

Specific costs for implementing the AM Plan during the first two permit terms of AM are presented in
Table 17 and Table 18 in Chapter 9. Based on these tables, the maximum estimated cost of implementing
the AM Plan is approximately $777,000 in the first permit term and $100,000 in the second permit term.
This assumes that all proposed improvements will be implemented on CSAs 7, 8, 9, 12, 14, 15, and 16
during the first permit term. These costs assume that barnyard improvements which are implemented in
the first permit term will still be generating phosphorus reductions in the second permit term and that
annual costs for implementing soft practices on crop fields will continue throughout both permit terms.
Assuming the costs in each permit term can be spread equally over each year of the permit, the annual
cost of implementing the AM Plan is approximately $155,000/year in the first permit term and
$20,000/year in the second permit term.

The City of Lodi has the capacity to budget for the full costs of the AM Plan through the first two permit
terms of AM. However, in order to reduce the financial risk of the proposed project, the City plans to
leverage outside funding sources which could provide cost-share or matching funds for the project.
Specifically, the City will be considering the use of funds from the Natural Resources Conservation Service
(NRCS) Environmental Quality Incentives Program (EQIP) and the Regional Conservation Partnership
Program (RCPP). Additionally, the City may utilize funding from DNR’s Targeted Runoff Management
(TRM) Grant Program. Based on DNR’s draft Agricultural Nonpoint Source Implementation Handbook for
Adaptive Management and Water Quality Trading WPDES Permit Compliance Options, EQIP and RCPP
funds can be used to fund improvements for AM projects with no restrictions. Conversely, funds from the
TRM program can only be used for improvements above and beyond the WWTF’s contributing load to the
receiving water. Therefore, the City of Lodi cannot use TRM funds to meet the minimum phosphorus load
reduction of 68 Ib/yr during the first permit term of AM. Because of this requirement, TRM funds are only
anticipated to be used for barnyard improvements during the first permit which are above and beyond
the City’s minimum reduction requirement of 68 lb/year. In order to mitigate the risk of using funds for
ineligible AM projects, the City will keep record of which funding sources are used to fund each BMP that
is implemented as part of the AM project.

Another factor which will improve the City’s financial security throughout the AM project is that the City
will be retiring debt service on a low interest Clean Water Fund loan in May 2016. Due to the retirement
of this debt, the City should be able to provide funding for the AM project without having to increase
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existing sewer rates. However, BMP implementation will need to be thoughtfully staged so that, in any
given year, funds are not exhausted.

The last item pertaining to financial security to the City is related to how BMPs will be implemented and
how agreements will be created with landowners. In order to improve the probability that BMPs will
reduce phosphorus loads to Spring Creek, the City will require that all agricultural conservation practices
which are implemented as part of the AM project be designed, installed, and maintained according to
applicable NRCS technical standards and specifications. In addition, all practices will be reviewed by the
Columbia County Land & Water Conservation Department or Dane County Land and Water Resources
Department prior to implementation. This will mitigate the risk of funding projects that do not meet
current standards and will facilitate each County’s ability to track landowner compliance with NR 151
agricultural performance standards and manure management prohibitions. The City or an agent of the
City will also annually inspect BMPs to determine if the BMPs are present and appear to be performing as
intended. Annual inspections will allow the City to identify deficient BMPs and determine if repairs may
be needed. The results of annual inspections will be sent to Columbia County Land & Water Conservation
Department or Dane County Land and Water Resources Department for review and concurrence with
findings. Lastly, when the City creates legal agreements with landowners to provide funding for the
implementation of BMPs, it is recommended that these agreements include language which would make
the BMPs eligible for phosphorus credit generation under Water Quality Trading. Although the City
currently has no plans to pursue Water Quality Trading in the short term, making agreements which could
be transferrable to Water Quality Trading would allow the City to pursue trading in the event that the AM
project is not successful in improving the water quality of Spring Creek.
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CHAPTER 9 - TIMING

The LAMP project is required to reduce at least 68 Ib/yr within the first permit term. However, the
preliminary target within the first permit term is 50% of the total required phosphorus reductions, 357
Ib/yr. CSAs have been prioritized for both hard and soft practices during the first, second, and third permit
terms, and discussions are underway to develop project-specific timelines. It is anticipated that
conversations/collaboration with partners and landowners will be the primary focus of the first 1-2 years
of the Adaptive Management project, and implementation of specific projects will begin in the second or
third year. Table 16 outlines the minimum phosphorus load reduction goals throughout the first two
permit terms of AM. This table assumes that 17% of the long term phosphorus reduction goal will be
achieved in each year from Year 3 through Year 8. If the City follows the minimum goals of this timeline,
the City will be able to achieve the 50% reduction goal of 357 Ib/yr by the end of the first permit term and
will be able to achieve the long term reduction goal of 714 Ib/yr by the end of the second permit term.

Note, the best case scenario has a goal of completing improvements on CSAs 7, 8, 9, 12, 14, 15, and 16
during the first permit term. If this were to occur, using City, County, State, and Federal funds where
applicable and available, the load reduction in the first permit term would be in the range of
approximately 1000 lb/yr. For this scenario, hard practices would generate a reduction of 672 Ib/yr, and
soft practices would generate a reduction of 341 Ib/yr. Again, this is a best case scenario and exceeds the
long term reduction goal of 714 Ib/yr, and well exceeds the recommended 50% load reduction of 357 Ib/yr
for the first permit term.
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Table 16: Estimated timing and load reductions within the first three permit terms.

Total Load Reduction (Ib/yr)

Fraction of Target Goal

Year 1 0 0%
Year 2 0 0%
[ |
£
(]
- Year 3 121 17%
£
()]
a.
Year 4 243 34%
Year 5 364 51%
Year 6 486 68%
~ Year 7 607 85%
£
()]
- Year 8 728 102%
£
(]
o WQC achieved/water quality monitoring and/or
Year 9 o, : --
additional improvements
WQC achieved/water quality monitoring and/or
Year 10 . . --
additional improvements
WQC achieved/water quality monitoring and/or
Year 15 ", . -
additional improvements
WQC achieved/water quality monitoring and/or
Year 16 . . --
) additional improvements
£
2 WQC achieved/water quality monitoring and/or
- Year 17 . . -
T additional improvements
o
o WQC achieved/water quality monitoring and/or
Year 18 . . --
additional improvements
WQC achieved/water quality monitoring and/or
Year 19 i, . --
additional improvements
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Tables 17 and 18, below, contain a summary of potential reductions and associated costs for the near
term (Permit Term 1 under Adaptive Management), and could be used for budgetary planning. Note for
hard practices, the costs are assumed to be spread out over the 5-year term of each permit. Once
completed, hard practices are assumed to be “complete”, and therefore would not require continued
capital investment. Soft practices, however, are different. Soft practices are assumed to require annual
expenditures for the life of Adaptive Management.

Table 17: Potential Hard Practice Implementation and Costs

o Estimated Cost
UL Estimated Load (high range +
Source Implementation Window Reduction (Ib/yr) 20% Cost/year
Area :
Contingency)
7,8,9 Permit Term 1 (2017 thru 2021) 672 $675,000 $135,000
Total Cost of Hard Practice CSA's planned $675,000

Table 18: Potential Soft Practice Implementation and Costs

Estimated Load

Critical Source Area Implementation Window Reduction (Ib/yr) Cost/year
8,12,14,15,16 Permit Term 1 (2017 thru 2021) 682 $40,927
Total Cost of Soft Practice CSA's Planned $40,927
Total Cost of Soft Practice CSA's, Assuming 50% Participation (341 Ib/yr reduction) $20,463

If the annual expenditures in Tables 17 and 18 for both hard practices and soft practices are summed, the
total annual cost for the first 5-years of Adaptive Management would be approximately $155,000/year,
for a total investment of $777,000 over the permit period. Moving forward into Permit Term two, the
annual costs from hard practices completed during Permit Term 1 would no longer be present, but the
soft practice annual cost of $20,463 would remain. If needed, additional hard practices as previously
discussed (CSAs 4, 5, 10, and 14) could be considered for implementation, as could additional soft
practices.

It is important note that portions of the costs outlined above would be eligible for some degree of cost-
sharing through County, State, and Federal grant programs. Furthermore, front-loading the Adaptive
Management efforts to achieve as much load reduction as possible during the first permit term provides
the most flexibility to the City moving forward. Specifically, this provides the most time for the ecosystem
to respond to the reduced phosphorus loading, and would increase the likelihood of success by the end
of the Third Permit Term.
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ACROYMNS

AM: Adaptive Management

BARNY: Wisconsin Barnyard Runoff Model

BMP: Best Management Practice

CSA: Critical Source Areas

DNR: Department of Natural Resources

EVAAL: Erosion Vulnerability Assessment for Agricultural Lands
HUC: Hydrologic Unit Code

LAMP: Lodi Adaptive Management Plan

LWCD: Land and Water Conservation Department

PRESTO: Pollutant Ratio Estimation Tool

SWIMS: Surface Water Integrated Monitoring System

TP: Total Phosphorus

TMDL: Total Maximum Daily Load

USDA-NRCS: United States Department of Agriculture — Natural Resources Conservation Service
WBIC: Water Body Identification Code

WinSLAMM: Windows Source Loading and Management Model
WQBEL: Water Quality-Based Effluent Limitation

WQT: Water Quality Trading

WWTF: Wastewater Treatment Facility
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MAP DATA SOURCES

City and Village Boundaries: Dane and Columbia Counties

County Boundaries: Dane and Columbia Counties

Crop Rotations: Created via DNR’s EVAAL model, using USDA-NRCS Cropland Data Layers from 2009-13
Elevation: Dane and Columbia Counties

Exception Resource Waters: Wisconsin DNR

Floodplain: FEMA

HUC 12 Watershed Boundaries: Wisconsin DNR

Land Use: USDA-NRCS Cropland Data Layer 2014

Lodi Marsh Wildlife Area: Wisconsin DNR

Median Phosphorus Concentrations: Wisconsin DNR

Proposed Land Use: Dane and Columbia Counties. Considered approximate.
Rivers/Streams: USGS, National Hydrography Dataset

Roads: Dane and Columbia Counties

Soils (K Factor, Erodibility): USDA-NRCS, SSURGO Soils

Waterbodies: USGS, National Hydrography Dataset

Wetlands: Wisconsin DNR, derived from the Surface Water Data Viewer

Aerial Imagery: USDA- National Agriculture Imagery Program (NAIP) 2013
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APPENDIX A

Stream Rating Curve Development

1.1 INTRODUCTION

Monitoring of water levels in Spring Creek occurred at two locations — at the Lodi wastewater treatment
facility (WWTF) and in the marsh just upstream of the City — as described elsewhere in this report. A
mathematical function relating water depth to flow rate, known as a “rating curve” needed to be
developed so that total flow quantities in the creek could be determined. The resulting flow rates were
used to evaluate total phosphorous loading in the creek with LOADEST modeling. This modeling is
further discussed in Appendix B.

1.2 METHODS

For both monitoring locations, a hydraulic model of the stream using the Army Corps of Engineers’
software tool HEC-RAS was constructed, using available floodplain model data previously developed by
WDNR/FEMA and augmented with additional channel survey data completed by MSA for the Adaptive
Management Plan and with terrain data available from the County. Actual stream flow was measured at
each monitoring site at several representative water depths using a velocity meter. Results from the
field measurements were compared with results from the hydraulic model; initial model runs produced
higher stream flow rates for a given depth than were observed in the field. To rectify differences
between modeled flow rates and measured flow rates, the channel roughness coefficient (Manning’s
‘n’) was iteratively adjusted until a reasonable match between measurements and model results was
achieved. For the WWTF location, the channel Manning’s n was set to 0.120; for the marsh, the channel
Manning’s n was set to 0.090.

At the monitored locations, a transducer recorded flow depths on a continuous basis. Based on the
surveyed elevation of the transducer and of the stream bottom at the monitoring site, flow elevations
from the model were converted to flow depths. Thus, a relationship between modeled water elevation,
measured flow depth, and modeled stream flow was established.

1.3 RESULTS

Water elevations, water depths, and stream flow as discussed above were tabulated, and a best-fit line
based on a log-log relationship between depth and flow rate was determined. Because stream flow
characteristics for high (out-of-bank) flows are markedly different than low (in-bank) flows, a piecewise
function was chosen to represent the relationship between flow and depth. The data used to develop
the rating curves are presented in the tables and figures below, and the resulting functions are
published at the end of this Appendix.
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Table A-1: Summary of modeled flow-to-depth tabular data used to develop rating curve function for

WWTF location.

Flow (CFS) (\I\I:I:\t,gr :;e;::i:r:) Transdt(lfceeertl;teading Water Depth (feet)
0 797.21 -1.33 0
15 799.75 1.21 2.54
30 800.44 1.9 3.23
60 801.49 2.95 4.28
90 801.89 3.35 4.68
150 803.06 4.52 5.85
240 803.8 5.26 6.59
360 804.32 5.78 7.11
480 804.63 6.09 7.42
600 804.79 6.25 7.58
750 805.03 6.49 7.82

Figure A-1: Best-fit line representation of rating curve function for WWTF location.
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Table A-2: Summary of modeled flow-to-depth tabular data used to develop rating curve function for

marsh location.

Water Elevation Transducer Reading

Flow (CFS) (NAVD 88 Datum) (feet) Water Depth (feet)
0 823.99 -0.56 0
8 826 1.45 2.01
16 826.63 2.08 2.64
32 827.48 2.93 3.49
48 828.07 3.52 4.08
80 828.78 4.23 4.79

128 829.36 4.81 5.37
192 829.81 5.26 5.82
256 830.18 5.63 6.19
320 830.46 5.91 6.47
400 830.84 6.29 6.85

Figure A-2: Best-fit line representation of rating curve function for marsh location.
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Resulting functions are as follows:

e T =transducer reading (feet)
e (Q =stream flow rate (CFS)

Flow rate at WWTF:
e High flow (T>4.85): Q=0.00817 * (T+1.33)55%
e Low flow (T<4.85): Q = (T+1.33)%866

Flow rate at Marsh:
e High flow (T>4.29): Q = 0.0589 * (T+0.56)450
e Low flow (T<4.29): Q = (T+0.56)%8%°
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APPENDIX B

Storm Event Sampling Protocol Downstream of the WWTF outfall
and LOADEST Modeling

1.1 INTRODUCTION

As part of the Lodi Adaptive Management Project, it was necessary to develop a water quality sampling
routine to develop a phosphorus load estimate under existing conditions. Adaptive Management
guidelines require that samples are collected at the furthest downstream point of the Action Area. This
sampling protocol is description in Chapter 7 of the Lodi Adaptive Management Plan. The rolling 28-day
median of the grab samples taken upstream of the WWTF was used to determine the current
phosphorous loading in Spring Creek and to set the load reduction goal of 714 Ibs of phosphorus per year
(Chapter 3.5).

However, it is likely that most of the bi-weekly grab samples will be taken during low-flow conditions. In
watersheds with a flashy hydrology from high surface run-off, there is the potential that short duration
storm events can account for a significant portion of the total phosphorus load (Cassidy and Jordan, 2011).
Local knowledge from the treatment plant operators suggest that stream levels adjacent to the
Wastewater Treatment Plant rise quickly during storm events, indicating that it might be a flashy system.
Therefore, short term water quality monitoring efforts were developed to incorporate storm event
sampling. These samples were not used in in developing the official load reduction goal. Instead, the
storm event samples were used to set a higher, more conservative target for planning purposed only.

A regression model can be used to determine the relationship between measured phosphorus
concentrations and flow rates. If the continuous flow is known for the location, the model would then
predict the phosphorus concentrations for the duration of that time period. The relationship could be
linear, or it could be non-linear. A series of other mathematical relationships are commonly used to
correlate flow and nutrient concentrations. A regression model should be developed using both regular
baseflow sampling (low flow) and storm event sampling (high flow) so as to capture a wide range of
conditions.

The USGS developed a model called LOAD ESTimator (LOADEST) to estimate constituent loads in streams.
The model incorporates a time series dataset for flow and constituent concentrations (e.g. phosphorus
concentrations), and can use three different statistical estimation methods. A previous study (Haggard et
al. 2003) used the LOADEST regression model to determine phosphorus loading on the lllinois River in
Arkansas. The study had collected intensive phosphorus data over a two year period which would be used
in LOADEST to determine phosphorus loads. The researchers then selected only a subset of their sampling
data to run in LOADEST, simulating some more common sampling protocols, where intensive data
collection was not feasible. The study recommended using a water quality sampling routine that
incorporated a 15-day fixed interval grab sample, and nine storm samples taken from the top 25% of
the storm hydrograph. For their system, this resulted in the lowest root-mean-square-error (RMSE) of
only 8%. Although the river system is not perfectly analogous to Spring Creek, this recommendation
provided a good basis for developing a water quality sampling strategy for Spring Creek that could result
in a more accurate phosphorus load prediction for the May-October sampling period.
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The purpose of this effort was to collect enough base flow and storm event samples to use within the
LOADEST model to gain a better understanding of true phosphorus loads within the stream. This load
would then be used to develop a more conservation phosphorus reduction goal for planning purposes
only.

1.2 METHODS

The Lodi Wastewater Treatment Facilities are located adjacent to Spring Creek, and have the manpower
and technical capabilities to collect grab samples from the stream, and analyze the samples in-house for
total phosphorus. Bi-weekly samples were collected every 14 days (every other Friday at 8am) and
immediately brought into the laboratory for analysis. Samples were collected both upstream and
downstream of the Wastewater Treatment Plant outfall, following the protocol outlined in the Wisconsin
DNR Adaptive Management Technical Handbook. Note that only the downstream samples were used in
determining the total phosphorus loading for the Action Area using LOADEST.

An automated sampler (ISCO 6712, Full-Size Portable Sampler) was installed adjacent to the Wastewater
Treatment Plant, downstream of the treatment plant outfall. The sampler was fitted with 24-1000 mL
polypropylene sample bottles, and configured to take sequential 500-mL samples (not composite). It also
recorded water-level depth (ISCO 720 Submerged Probe Module) and rainfall (ISCO 674 0.1 mm Tipping
Bucket Rain Gauge) at one minute intervals. The continuous measurements of water level depth was used
in a rating curve (developed with a hydrologic model) to determine stream flow (cfs). A description of
rating curve development is outlined in Appendix A.

The sampler was installed in a shed inside of the Treatment Facility fence with power supplied by the
Treatment Facility. The tipping bucket rain gage was installed on top of the Treatment Facility fence,
away from trees or other overhead cover as required for proper installation (i.e. the height of the
surrounding objects did not exceed twice their distance from the rain gauge). The submerged probe was
placed in the center of the stream, resting on the stream bottom anchored to a stake. Small amounts of
sediment accumulation on the probe does not affect the output readings for water level depth. However,
any large debris was removed during site visits. The sample intake tube was anchored to the same stake
in the center of the stream, several inches above the stream bottom. Any debris accumulating on the
intake was removed during site visits. The sampler was programed the flush out the intake tube prior to
each sample to remove any sediment that might have accumulated over time.

The automated sampler was set to trigger and collect a sample when the water level rose above 2.3 feet,
indicating a storm event. This water level depth was originally set lower, but modified upon realizing that
the stream exhibited a diurnal pattern in water level depth, cresting in the evenings and dropping during
the day. The sampler was inadvertently triggered by the higher water levels at night, and therefore the
trigger depth was increased. Since previous water level depth information for this site was not previously
available, the trigger height was purposefully set low in order to collect as many storm event samples as
possible during the initial data collection year. In the future, the sampling routine could be modified to
only collect samples during larger rain events if desired.

Storms might have a higher phosphorus concentration during the rising limb of the hydrograph, but it
could be lower on the falling limb. Therefore, a storm sampling regime was developed to capture samples
along the course of the hydrograph to account for these differences. Once the sampler was triggered, a
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total of eight samples were collected: (1) upon the trigger, (2) at 15 minutes, (3) at 30 minutes, (4) at 1.5
hours, (5) at 2.5 hours, (6) at 3.5 hours, (7) at 5.5 hours, and (8) at 7.5 hours. Although each storm is
different, it was clear that the hydrograph often peaked quickly, and the initial samples were collected at
shorter intervals in an attempt to catch the rising limb. The timing intervals increased to capture the
falling limb of the hydrograph or in case of a more prolonged storm event. This timing routine was
developed after the 3™ storm event, once the team had adequate data to revise the protocol to match
the characteristics exhibited during the initial sampling events.

All of the data was collected and stored on the ISCO sampler which is capable of saving 100 days of
monitoring data. Regular site visits were necessary to download the data onto a laptop computer, and
were analyzed using ISCO FlowLink Software.

1.3 SAMPLING RESULTS

The sampling equipment was installed on May 14", 2015. The samplers were accidentally turned off for
periods after the initial installation, and therefore only the data collected from May 19" —October 31%
were used for estimating the phosphorus loading.

A power outage at the Treatment Facility occurred on June 24" due to a squirrel chewing through wiring.
The sampler reset and was not noticed until July 7" resulting in a thirteen day gap in the water level depth
record. No rain events occurred during this period, and therefore it was assumed that water levels
remained relatively constant, and similar to the period immediately after the power outage. Since the
LOADEST program requires a strictly complete dataset, without missing records, the day following the
power outage was used as a proxy for this period. The water level depth appeared to have a slightly
downward trend during this period, which is logical since the outage occurred during the warm summer
months without a rain event. Therefore, this data replacement will be a slight underestimate the average
streamflow during this period. Any other small gaps in the water level depth (totaling 23 minutes, with
the longest break of 20 minutes) were filled with time period immediately following.

The water level depth measurements were converted to flow using a rating curve that was developed
with a hydrologic model. A complete description of this effort is provided in Appendix A. The 1-minute
flow measurements were then aggregated to an average daily flow, since the LOADEST model can only
have up to 24 flow inputs per day (est file). However, the actual flow associated with each water quality
sample was used in the LOADEST model for calibration (calib file).

For the May-October 2015 sampling period, a total of twelve (12) bi-weekly grab samples were collected
and the sampler was triggered for eleven (11) storm events collecting a total of 90 samples. In additional,
the sampler was purposefully triggered on a non-rain event period as a preliminary investigation to see if
the diurnal pattern visible in the water level was associated with a change in phosphorus concentrations.
More sampling and a detailed study is required to further investigate if phosphorus levels are tied to any
diurnal cycling.

To determine those storm event samples that were collected within the top 25% of the hydrograph, each
storm event was individually reviewed to determine the baseflow before the storm and flow at the
hydrograph peak. Any sample collected within the top 25% of this range was flagged (21 of the 90
samples, from 9 of the 11 storm events). The remaining samples were in the lower 75% of the hydrograph.
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Therefore, two storm events did not have any representative samples within the top 25% of the
hydrograph.

Finally, a large storm event occurred at the very beginning of the sampling period (May 26™), with water
level depth recorded, but no phosphorus samples collected. On May 31, the flow returned to baseflow
conditions. It is important to gage the impact of this event, as it might not be representative of the
average year. Unfortunately, no phosphorus samples were collected during the large event, and therefore
any relationship developed between flow and phosphorus-concentration might not be appropriate.
Because it occurred near the beginning of the sampling period, it was relatively easy to determine the
average phosphorus load with and without this storm event for comparison purposes.

1.4 LOADEST MODELING RESULTS

Four different runs of LOADEST were completed to gage the impact of including/excluding data from the
analysis:

May 19" - October 31°
a) Using the bi-weekly grab sampling (12) and no storm event sampling
b) Using the bi-weekly grab sampling (12) and all storm event sampling (90 samples, 11
storms)
¢) Using the bi-weekly grab sampling (12) and storm event sampling from the top 25% of
the hydrograph (21 samples, 9 storms)

May 31° - October 31°*
d) Using the bi-weekly grab sampling (12), and storm event sampling from the top 25% of
the hydrograph (21 samples, 9 storms), excluding a large storm event (May 26—
May30™) at the beginning of the sampling period.

Table 1 displays the outputs from the four different LOADEST outputs. The associated statistics (R?, By,
PLR, and E) describe how well the sampling data matches the statistical model. Another ‘review tool’ is
to determine if the streamflow values used for estimation exceed the maximum streamflow used in
calibration. If yes, the load estimates require extrapolation beyond the calibration dataset. Additional
data collection during high flow events and modeling might be necessary.

While the model fit appears to be the best using just the bi-weekly grab samples (Routine a), all of the
grab samples were collected at relatively low-flow and therefore the load estimate would require
extrapolation to account for the higher-flow events. The model fit decreased when incorporating the
storm events (Routine b). This was anticipated, since there is often more variability in concentrations
within the storm samples. The model fit improved when only using the storm samples from the 25% of
the hydrograph (Routine c). Finally, the model did not require extrapolation when the first large storm
event was excluded (Routine d). Therefore, Routine d was selected as the best model fit for Spring Creek,
and the initial storm sampling effort.
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Table 1: LOADEST model outputs for phosphorus sampling take downstream of the Lodi WWTF outfall.

Daysin  Number Nugnfber Nur;fber Mean Phc’:éleﬁcr;rus Phcln\éleﬁgrus Model
LOADEST Routine Time Period Time of Grab Flow P phoru 2 B, PLR E Required
Storm Storms Load Concentration

Period Samples (cfs) Extrapolation

Samples  Captured (kg/day) (mg/L)

Bi-weekly grab
a sampling and no storm May 19" - Oct 31% 166 12 0 0 37 6.49 0.072 094 -011 100 094 Yes
event sampling

Using the bi-weekly
b grab sampling and all May 19" - Oct 31% 166 12 90 11 37 12.84 0.142 065 -511 095 0.0 Yes
storm event sampling

Bi-weekly grab
sampling and storm
c event sampling fromthe ~ May 19" - Oct 31 166 12 21 9 37 13.83 0.153 0.85 -557 094 0.89 Yes
top 25% of the
hydrograph

Bi-weekly grab
sampling, storm event
sampling from the top
d 25% of the hydrograph, May 31" - Oct 31% 154 12 21 9 35 8.69 0.101 085 -557 094 0.89 No
beginning after a large
storm event (May 26-
30th)

R2: Coefficient of determination. A value of 1 indicates a perfect model fit.

Bp: Load Bias in Percent. A positive (negative) value indicates over (under) estimation. Do not use model if exceeds 25%.

PLR: Partial Load Ratio. Summation of estimated loads divided by sum of observed load. Values > 1 indicate overestimation; values < 1 indicate underestimation. PLR = (Bp +
100) / 100

E: Nash Sutcliffe Efficiency Index: E ranges from -infinity to 1.0. E = 1; a perfect fit to observed data. E = 0; model estimates are as accurate as the mean of observed data. E
< 0; the observed mean is a better estimate than the model estimates

Model Required Extrapolation: The maximum estimation data set streamflow exceeds the maximum calibration data set streamflow. Load estimates require extrapolation.
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The mean flow from Routine d was 35 cfs and the mean estimated phosphorus concentration was 0.101
mg/L. These values correspond to the sampling location downstream of the treatment plant outfall. While
the WWTF contributions (both flow and phosphorus) varies over time, determining the exact loading for
each day within the sampling period is outside of the scope of this project. Therefore, the current mean
contributions from the treatment plant (0.46 cfs and 0.74 mg/L) can be subtracted from this model result
to estimate the current loading upstream of the treatment plant. This results in an in-stream estimated
concentration of 0.092 mg/L and flow of 34.5 cfs.

Using this revised stream loading, and the estimated WWTF loading in 2035, the reduction goal target
becomes 1,646 lbs/yr. This value is not the official targeted reduction goal, but can be used as a more
conservative goal for Adaptive Management planning. Table 2 outlines how this value was determined.

Table 2: Summary of conservative phosphorus load reduction needed based on bi-weekly grab
sampling, 2015 storm event sampling, and estimated WWTF loading in 2035 under Adaptive
Management.

LOADEST Modeled Stream Flow and Concentration;
WWTF at Predicted Flow in 2035

Stream Flow (MGD) 22.30
Stream Phosphorus Concentration (mg/L) 0.092
Stream Phosphorus Load (Ib/yr) 6,245
WWTF Flow (MGD) 0.383
WWTF Phosphorus Concentration (mg/L) 0.5

WWTF Phosphorus Load (lb/yr) 583

Total Load (Ib/yr) 6,827
Allowable Load (Ib/yr) 5,178
Total Load reduction Needed (Ib/yr) 1,649
WWTF % Contribution (%) 8.5%
Conservative Reduction Estimate (lb/yr) 1,649
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APPENDIX C

Storm Event Sampling Protocol near the outlet of Lodi Marsh and
LOADEST Modeling

1.1 INTRODUCTION

The purposed of the Lodi Adaptive Management Project is to reduce phosphorus loadings in the
watershed upstream of the Lodi Wastewater Treatment Facility (WWTF) in order to reach water quality
goals. However in the process of developing the plan, it was recognized that the Lodi Marsh could be a
large unknown variable in predicting the fate and transport component of any phosphorus reduction
measurements that are installed upstream of the marsh. Wetland/marsh sites can be unpredictable to
changes in water quality. If the water entering the marsh has reduced phosphorus levels, how will the
marsh react? Will those water quality improvements be seen downstream of the marsh? Or will the
marsh release phosphorous it was previously storing, effectively eliminating any water quality
improvements further downstream at the WWTF? Understanding the nuances of the Lodi Marsh is
beyond the scope of this project. Therefore, it was recommended that the majority of the water quality
improvements take place with other regions of the Action Area watershed.

However, it is necessary to gage the relative contribution of phosphorus loading coming from the fraction
of the watershed draining through the marsh (marsh subwatershed). If this region is contributing very
large fraction of the total phosphorus load seen at the WWTF, there might not be enough phosphorus
loading coming from other regions to make Adaptive Management feasible. If that was the case, the Lodi
WWTF might want to consider more carefully studying the marsh site, or pursue a different phosphorus
compliance option. Therefore, a sampling protocol was developed to determine the relative phosphorus
load coming out of the marsh subwatershed.

Storm sampling in tandem with regular grab sampling is a common method used to determine the total
phosphorus load for a watershed. A storm-event sampling routine was developed downstream of the
WWTF site in 2015 (Appendix B) and a total phosphorus load estimate was developed using the USGS
model LOAD ESTimator (LOADEST). A similar sampling protocol was developed at a sample site near the
outlet of the Lodi Marsh subwatershed in order to develop a comparable phosphorus load estimate from
the Marsh. More detailed information about the selection of the LOADEST model is provided in Appendix
B.

1.2 METHODS

An automated sampler (ISCO 6712, Full-Size Portable Sampler) was installed adjacent to Spring Creek,
upstream of the Riddle Road bridge. This site was chosen because previous sampling efforts (2010-2012,
site LS02) used this location, and therefore any data collected previously could be used to augment the
2015 sampling data. Permission was obtained from the Wisconsin DNR to install a temporary job size
storage box to house the equipment, and to have the sample intake staked into the streambed for the
duration of the sampling efforts. The sampler was fitted with 24-1000 mL polypropylene sample bottles,
and configured to take sequential 500-mL samples (not composite). It also recorded water-level depth
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(ISCO 720 Submerged Probe Module) at one minute intervals. The continuous measurements of water
level depth was used in a rating curve (developed with a hydrologic model) to determine stream flow (cfs).
A description of rating curve development is outlined in Appendix A.

The sampler was locked (for security) inside of a metal job site storage box with power supplied by a 12-
V battery. The submerged probe was placed in the center of the stream, resting on the stream bottom
anchored to a stake. Small amounts of sediment accumulation on the probe does not affect the output
readings for water level depth. However, any large debris was removed during site visits. The sample
intake tube was anchored to the same stake in the center of the stream, several inches above the stream
bottom. Any debris accumulating on the intake was removed during site visits. The sampler was
programed the flush out the intake tube prior to each sample to remove any sediment that might have
accumulated over time.

The automated sampler was set to trigger and collect a sample when the water level rose above 2.5 feet,
indicating a storm event. This water level depth was originally set lower, but modified upon realizing that
the stream exhibited a diurnal pattern in water level depth, cresting in the evenings and dropping during
the day. The sampler was inadvertently triggered by the higher water levels at night, and therefore the
trigger depth was increased. Since previous water level depth information for this site was not previously
available, the trigger height was purposefully set low in order to collect as many storm event samples as
possible during the initial data collection year. In the future, the sampling routine could be modified to
only collect samples during larger rain events if desired.

Storms might have a higher phosphorus concentration during the rising limb of the hydrograph, but it
could be lower on the falling limb. Therefore, a storm sampling regime was developed to capture samples
along the course of the hydrograph to account for these differences. Once the sampler was triggered, a
total of eight samples were collected: (1) upon the trigger, (2) at 15 minutes, (3) at 30 minutes, (4) at 1.5
hours, (5) at 2.5 hours, (6) at 3.5 hours, (7) at 5.5 hours, and (8) at 7.5 hours. Although each storm is
different, it was clear that the hydrograph often peaked quickly, and the initial samples were collected at
shorter intervals in an attempt to catch the rising limb. The timing intervals increased to capture the
falling limb of the hydrograph or in case of a more prolonged storm event. This timing routine was
developed after the 3™ storm event, once the team had adequate data to revise the protocol to match
the characteristics exhibited during the initial sampling events.

All of the data was collected and stored on the ISCO sampler which is capable of saving 100 days of
monitoring data. Regular site visits were necessary to download the data onto a laptop computer, and
were analyzed using ISCO FlowLink Software.

1.3 SAMPLING RESULTS

The sampling equipment was installed on May 14", 2015. The samplers were accidentally turned off for
periods after the initial installation, and therefore only the data collected from May 19" —October 31%
were used for estimating the phosphorus loading. The LOADEST program requires a strictly complete
dataset, without missing records. Therefore, any small gaps in the water level depth were filled with time
period immediately following.

The water level depth measurements were converted to flow using a rating curve that was developed
with a hydrologic model. A complete description of this effort is provided in Appendix A. The 1-minute
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flow measurements were then aggregated to an average daily flow, since the LOADEST model can only
have up to 24 flow inputs per day (est file). However, the actual flow associated with each water quality
sample was used in the LOADEST model for calibration (calib file).

For the May-October 2015 sampling period, the sampler was triggered for five (5) storm events collecting
a total of 39 samples. In additional, the sampler was triggered three times for a on a non-rain event period
(one time purposefully) because of the diurnal pattern in water level depth. More sampling and a detailed
study is required to further investigate if phosphorus levels are tied to any diurnal cycling.

At the WWTF site, only those samples collected within the top 25% of the storm hydrograph were included
in the LOADEST modeling; see Appendix B for the rationale behind this decision. The same rational was
applied to the Marsh site. To determine those storm event samples that were collected within the top
25% of the hydrograph, each storm event was individually reviewed to determine the baseflow before
the storm and flow at the hydrograph peak. Any sample collected within the top 25% of this range was
flagged (15 of the 39 samples, from 4 of the 5 storm events). The remaining samples were in the lower
75% of the hydrograph. Therefore, one storm event did not have any representative samples within the
top 25% of the hydrograph.

Finally, a large storm event occurred at the very beginning of the sampling period (May 26™), with water
level depth recorded, but no phosphorus samples collected. On May 31, the flow returned to baseflow
conditions. At the WWTF site, this large event was excluded from the LOADEST modeling; see Appendix
B for the rationale behind this decision. The same rational was applied to the Marsh site, and therefore
the LOADEST modeling only included the flow data collected between May 31°t and October 31,

No grab sampling at the Marsh site was collected in 2015. However, grab sampling was conducted in in
2010, 2011, and 2012 by other organizations (Columbia County LWD, UW Stevens Point, and Friends of
Scenic Lodi Valley). These groups graciously shared their data with the Lodi Adaptive Management
project, and measurements of both flow and phosphorus concentration could be used within the LOADEST
model to provide a more realistic phosphorus load estimate. Of the data provided by these groups, there
were 9 total grab samples taken within the May-October sampling period that also had an associated flow
measurement (seven from 2011 and two from 2012). Additional grab sampling efforts can be included in
the future to provide a more robust load estimate if needed.

1.4 LOADEST MODELING RESULTS

LOADEST was run several different ways, but ultimately the chosen method for the Marsh site followed
the methodology selected at the WWTF site (Appendix B):

May 31° - October 31

Using the historic grab sampling (9), and storm event sampling from the top 25% of the
hydrograph (15 samples, 4 storms), excluding a large storm event (May 26" — May30™") at the
beginning of the sampling period.

Table 1 displays the output from the LOADEST model. The associated statistics (R?, By, PLR, and E) describe
how well the sampling data matches the statistical model. Another ‘review tool’ is to determine if the
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streamflow values used for estimation exceed the maximum streamflow used in calibration. If yes, the
load estimates require extrapolation beyond the calibration dataset. Additional data collection during
high flow events and modeling might be necessary.

The mean flow during the sample period was 19 cfs and the mean estimated phosphorus concentration
was 0.104 mg/L. It should be noted that the loading estimates required extrapolation, since the maximum
daily flow exceeded the maximum streamflow within the calibration dataset. Therefore, more sampling
data during high flow events might be required.

Assuming the flow and phosphorus concentrations are appropriate for the entire year, this translates to
a load of 3,879 Ib/yr coming from the Lodi Marsh watershed. This accounts for ~60% of the total
phosphorus load estimated from the Action Area using the LOADEST model based on samples collected
the WWTF (6,245 lbs/ year, Appendix B).

An alternative method for determining the relative phosphorus load from the Marsh would be to use grab
samples. Upstream of the WWTF outfall, the rolling median (2011-2015) grab sample concentration was
0.078 mg/L with an average flow of 36.93 cfs; this equates to a total load of 5,668 Ib/yr. At the Marsh
site, the rolling median (2011-2012) grab samples phosphorus concentration 0.0585 mg/L and the average
streamflow was 20.7 cfs; this equates to a load of 2,384 Ib/year from the Marsh site. Based on this
methodology, the marsh site contributes ~40% of the total load estimated from the Action Area.
However, storm events can be a significant driver in phosphorous loading. Because of this, more
confidence is given to the LOADEST modeling, which incorporated the storm event sampling.
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Table 1: LOADEST model outputs for phosphorus sampling taken at the Marsh Site, upstream of the Riddle Road bridge.

Number
Days in of Nug}ber Nur(?fber Mean Ph(')\:eﬁ(r;rus Phc')\geﬁ(r)]rus Model
LOADEST Routine Time Period Time Historic Flow P phory R? By PLR E Required
Period Grab Storm Storms (cfs) Load Concentration Extrapolation
samples Samples  Captured (kg/day) (mg/L)

Historic grab sampling,

storm event sampling

from the top 25% of the " s B

hydrograph, beginning May 31" - Oct 31 154 9 15 4 19 4.82 0.104 0.74 2.02 0.98 0.53 Yes
after a large storm event

(May 26"-30™)

R2: Coefficient of determination. A value of 1 indicates a perfect model fit.

By: Load Bias in Percent. A positive (negative) value indicates over (under) estimation. Do not use model if exceeds 25%.

PLR: Partial Load Ratio. Summation of estimated loads divided by sum of observed load. Values > 1 indicate overestimation; values < 1 indicate underestimation. PLR = (Bp + 100) / 100

E: Nash Sutcliffe Efficiency Index: E ranges from -infinity to 1.0. E = 1; a perfect fit to observed data. E = 0; model estimates are as accurate as the mean of observed data. E < 0; the observed mean is
a better estimate than the model estimates

Model Required Extrapolation: The maximum estimation data set streamflow exceeds the maximum calibration data set streamflow. Load estimates require extrapolation.
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APPENDIX D

EVAAL for the Lodi Adaptive Management Action Area

1.1 INTRODUCTION

The Wisconsin DNR reissued the City's wastewater discharge permit in 2012. The new permit identified a
future phosphorus limit of 0.075 mg/L on an annual average basis. As required by the DNR, the City began
a process of evaluating how to comply with this new limit. The City could choose to: (a) Upgrade the
physical treatment facilities to reduce the amount of phosphorus in the treated wastewater (point source
reduction) or (b) Use a watershed approach to reduce the phosphorus inputs upstream of the treatment
facilities (non-point source reduction). After evaluating both options, a watershed based approach was
deemed more cost effective than upgrading the treatment facility, and therefore the City began a planning
process looking at Adaptive Management. This method allows for cooperation between the City’s
Wastewater Treatment Plant (a point source) and non-point sources (e.g. urban stormwater, agricultural
producers, developers, etc.) to meet water quality standards.

Adaptive Management allows point-sources to comply with permit requirements by working with
nonpoint sources to reduce phosphorus loading to the stream. Nonpoint sources are "indirect, non-
permitted sources of pollution, including excess phosphorus, to Wisconsin's waters. These can include
agricultural runoff from barnyards, cropland, and feedlots. Runoff from non-permitted municipal separate
storm sewer systems and construction sites disturbing less than one acre of land are examples of urban
nonpoint sources." (WDNR, Adaptive Management Handbook). Adaptive Management has the end goal
the stream (or river or lake) achieving the applicable water quality criterion. As a result, the DNR requires
regular in-stream monitoring to show that upstream reductions in phosphorus loadings result in lower
downstream phosphorus concentrations.

The City is considering both hard and soft practices for the Adaptive Management project. This entails
working with the Columbia and Dane County Land and Water Conservation Departments, local
landowners, and other partners to enact physical/structural improvements on barnyards (hard practices)
as well as implementing alternate cropping and tillage practices in key locations where erosion is more
likely to occur (soft practices). As part of the planning process, it is helpful to determine Critical Source
Areas (CSAs), those areas that contribute a relatively higher proportion of phosphorus to the stream than
other areas within the watershed. CSAs are both a source of phosphorus and also transport phosphorus
into the receiving water (Spring Creek). Once identified, these locations can be prioritized for both hard
and soft Best Management Practices (BMPs).

CSAs for hard practices were prioritized based on previous field investigations conducted by Columbia
County. The Columbia County Land and Water Conservation Department Staff performed a
comprehensive review of barnyards within the Spring Creek watershed, and identified areas where
structural improvements could help reduce erosion and phosphorus loadings to nearby streams. More
details on the prioritization of sites is documented within Chapter 5.1 of the Adaptive Management Plan.
CSAs for soft practices were prioritized Wisconsin DNR’s elevation-based model called Erosion
Vulnerability Assessment for Agricultural Lands (EVAAL). The model highlights locations where soft
practices, such as grassed waterways, might be most beneficial at reducing erosion and phosphorus
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loading. EVAAL uses LiDAR elevation data, soils information, land use, and other variables to help identify
priority areas that are vulnerable to water erosion.

The following is a description of the methodology and results from the EVAAL modeling for the Lodi
Adaptive Management Action Area. Soft practice CSAs were prioritized based on the outputs from the
modeling exercise, a windshield survey, and local knowledge of the area. A complete description of the
CSA prioritization is outlined in Chapter 5.1 of the Adaptive Management Plan

1.2 METHODS

The Wisconsin DNR publishes the EVAAL model as a series of Python computer scripts that are used within
ESRI’s ArcGIS Desktop software. The model estimates soil erosion vulnerability for sheet and rill erosion
using the Universal Soil Loss Equation (USLE) and gully erosion using the Stream Power Index (SPI). Those
regions that are not hydrologically connected to surface waters (internally drained areas) are identified
and deprioritized within the model. The final output is a soil erosion vulnerability index that can be used
to see regions within the Action Area that could be more prone to soil loss. As phosphorus typically binds
to soil particles, it is assumed that loss of soil will likely coincide with a loss of phosphorus.

The model requires several basic input GIS datasets. Each input is described in Table 1 with the associated
data source.
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Table 1: Description of EVAAL inputs and data source.

Dataset Description Source
Light Detection and Ranging (LiDAR) Digital Elevation | Wisconsin View (Columbia
LiDAR DEM Model (DEM): 3D representation of the terrain's | and Dane Counties), 3-meter
surface collected using an aerial survey grid
. Delineated by MSA based on
Action 2' contours, aerial imager
Area/Watershed Predefined area where erosion vulnerability is assessed ! 8ery,
and stormwater
Boundary .
infrastructure.
gSSURGO Data Gridded Soil Survey Geographic Database (gSSURGO): USDA-NRCS

Soils data for the Action Area

Locations where concentrated flow/streams pass
through culverts, typically perpendicular to roads

Located by MSA using aerial

Culverts . .
imagery and street view

Downloaded within the EVAAL
model from the National
Weather Service

Frequency-Duration
Precipitation Data

Precipitation amounts for a given frequency and
duration of storm event

Downloaded within the EVAAL

National Cropland | Crop-specific land cover data, collected using satellite | model from the National
Data Layer (CDL) imagery and ground truthing Agricultural Statistics Service
(NASS)

Parcel (Zone) . _ . . .

. Parcel boundaries within the Action Area Columbia and Dane Counties
Boundaries
Best Management | Existing Best Management Practices (BMPs) within the | Dataset not used within
Practices (BMPs) Action Area EVAAL modeling

The EVAAL modeling followed the basic guidance given within the WDN’s EVAAL Tutorial (v 1.0). The
following is a brief description of the individual steps; for more a detailed, please review the WDNR's
EVAAL documentation.

The LiDAR DEM was conditioned using the culvert dataset. Frequency-duration precipitation data
was downloaded for a 10-year, 24-hour event. A curve number raster dataset was developed
using 5-years of cropland data (2009-2013) and the gSSURGO (soils) database. The high-estimate
for Curve Number was selected, assuming management practices that increase runoff.
Combined, the conditioned DEM, precipitation data and curve number was used to determine the
internally draining areas within the Action Area. The DEM was then re-conditioned using these
internally draining areas. Next, the Stream Power Index (SPl) was generated using a flow
accumulation threshold of 50,000 and the conditioned DEM. For use in the USLE, a K-factor
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dataset was determined based on the gSSURGO (soils). Also for use in the USLE, the C-factor was
determined using 5-years of cropland data (2009-2013); the high-C-factor was selected assuming
management practices that would enhance runoff. A USLE dataset was generated using the
conditioned DEM, K-Factor and C-factor, and a flow accumulation threshold of 1000. A rainfall
erosivity factor was not used. Finally, the Erosion Vulnerability Index was developed using the
USLE dataset and SPI dataset, deprioritizing the internally draining areas. Parcel boundaries were
used as the Zonal statistic field, as field boundaries for the entire Action Area were not available.

All of the existing BMPs within the Action Area were not known at the time of running the EVAAL model.
Therefore, any regions that indicated a high level of erosion vulnerability needed to be individually
reviewed using aerial imagery and a windshield survey. Many landowners have already established best
management practices to field reduce soil loss. Therefore, all CSA locations selected for soft management
BMPs were individually reviewed.

1.3 RESULTS

The EVAAL model produced an Erosion Vulnerability Index (EVI) for the Action Area ranging from -2.6 to
9.4. These values are relative, and therefore only appropriate for internal comparison between locations
inside of the modeled Action Area. The average EVI was computed for all of the parcels in the Action Area,
with values ranging from -2.6 to 3.8. Ideally, EVI values would be aggregated at the field-scale; however,
field boundaries were not available at this time. EVAAL outputs were then used to prioritize locations for
soft management practices, as outlined in Chapter 5.1 of the Adaptive Management Plan.

EVAAL outputs are best displayed graphically, and can be used for future planning purposes. Figures (1-
7) contain the major inputs/outputs of the model. These include the Digital Elevation model with
identified culverts, assumed crop rotations based on 2009-2013 cropland data layers, the identified
internally draining areas, the stream power index grid, the Universal Soil Loss Equation (USLE) grid, the
Erosion Vulnerability Index (EVI) and the average Erosion Vulnerability Index by parcel.

A series of cutoff criteria were developed to focus planning efforts within Action Area to CSAs. A full
description of the selection process is provided in Chapter 5.1 of the Adaptive Management Plan. The
major selection criteria for soft practices was as follows:

o High EVAAL score: The selected parcels had an average EVAAL rank of 1.25 or greater. These
areas have a higher relative potential for erosion and associated phosphorus loading.

e Larger Parcel Size: Larger parcels are often better suited for soft management practices. For
example, it might be challenging to operate large machinery around BMPs if the parcel is too
small. The parcel cut off size was set at 10 acres.

e Location within the Action Area: Parcels that were not upstream of the Lodi Marsh were
considered to be a higher priority since the fate and transport impact of the Marsh is unknown
at this time.

e Common Adjacent Landowner: Often groups of parcels are owned or managed by the same
landowner. If a specific parcel was identified by EVAAL using the above criteria, all of the
adjacent parcels were reviewed to determine if there was a common landowner. If yes, these
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parcels were added to the CSA. Future planning efforts for BMPs will likely include all of the
properties owned by an individual, to determine the best site for BMP installation.

e Outside of Possible Future Development Areas: Many of the BMPs will be located on
agricultural lands. For the longevity of the Adaptive Management Project, it is important to
consider how possible future development will impact the lifespan of any partnership with a
specific landowner.

After the selection criteria was applied, all of the identified CSAs were individually reviewed using aerial
imagery and a windshield survey to confirm that each location would be appropriate for soft practice
implementation (Chapter 5.1 of the Adaptive Management Plan). Each location will be more carefully
reviewed as he Adaptive Management Project progresses overall. The results of the EVAAL modeling can
also be re-used in the future, if additional CSA locations need to be identified.
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Appendix E

Spring Creek Watershed Pre & Post BARNY Livestock Assessments
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Watershed Description

Spring Creek is located in south central Wisconsin on the border of Columbia County and Dane County. It flows
northwest through the Lodi Marsh State Wildlife Area, into the City of Lodi, and empties into Lake Wisconsin
(Figure 1). Spring Creek’s headwaters and tributaries lie in an area with mixed land uses including forests,
wetlands, and agriculture. Just below the confluence of the south and west branches of Spring Creek, Spring
Creek flows through the City of Lodi and received the effluent from its wastewater treatment plant before in
drains into Lake Wisconsin (Figure 3). The watershed draining to Spring Creek is approximately 28,813 acres.

Figure 1. Ortho photo showing the watershed boundary for Spring Creek and its tributaries.

Project Description

This project was funded through a grant from the Wisconsin Department of Natural Resources (WI DNR) to
conduct a water quality study of Spring Creek. It is a partnership between the Friends of the Scenic Lodi Valley
(FSLV) the City of Lodi, Columbia County Land and Water Conservation Department (LWCD), the WI DNR, and
University of Wisconsin-Stevens Point (UWSP). Five monitoring stations were chosen along Spring Creek and its
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tributaries to evaluate the water quality in Spring Creek (Figure 2). Descriptions of the locations for each
sampling site can be found in Table 1.

Spring Creek
. Monitoring Stations

Figure 2. Map displaying the location of the Spring Creek project monitoring sites LS01-LS05.

Table 1. Site ID and description for monitoring sites in the Spring Creek watershed.

Monitoring | Site Name Site Description
Site ID
LS01 Bohiman (East) Branch of Located south of STH 60 east of the city of Lodi.
Spring Creek
LS02 West Branch of Spring Creek | Located in the Lodi Marsh State Wildlife Area, several hundred
yards upstream of the bridge on Riddle Rd above the city of Lodi.
LS03 South Branch of Spring Located between Riddle Road and the railroad trestle just
Creek upstream of the confluence with the West Branch.
LS04 Spring Creek at County Hwy | Located north of the city of Lodi and downstream of City of Lodi
J Bridge wastewater treatment plant.
LS05 Spring Creek at Elizabeth Located upstream of the discharge from the City of Lodi
Street wastewater treatment plant and downstream of all of the city’s
stormwater outfalls




Results and Discussion

Water Quality

During 2012, water quality samples were collected by grab method on a bi-weekly schedule at each of five
monitoring sites beginning in March and ending in November. Samples were collected by staff from Columbia
County LWCD and brought to UWSP’s state certified Water and Environmental Analysis Lab (WEAL). Each water
sample was analyzed for total suspended solids (TSS), total phosphorus (TP), soluble reactive phosphorus (SRP),
total Kjeldahl nitrogen (TKN), nitrate (NO,+NO3-N), ammonium (NH,), and chloride (Cl). Field parameters were
also measured by Columbia County LWCD professionals at the time of sample collection including pH, specific
conductance, dissolved oxygen, and temperature using an YSI multi-meter. Stream discharge was measured at
each site with a Swoffer current velocity meter and corresponding staff gauge readings were recorded on the
same date. During the sampling period, continuous flow and temperature were recorded with Solinst Level
loggers at each site.

Total phosphorus (TP) is a primary focus of this study because of its role in the eutrophication in Spring Creek
and Lake Wisconsin. Wisconsin’s TP criteria for a wadable stream or river is a median concentration of 75 ug/L,
in samples collected between May 1 and October 31 of each year (WI Administrative Code NR102.06). Median
concentrations greater than 75 pg/L can contribute to changes in the aquatic ecosystem related to increases in
algae and aquatic plant growth. In 2012, median TP concentrations at sites LS01, LS02, and LS05 were below 75
pg/L, LS04 was exactly 75 pg/L, and LSO3 had a median TP concentration of 103 pg/L (Figure 3).
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Figure 3: Boxplots showing total phosphorus (TP) concentrations in stream samples collected between May 1 and October 31 2011 and
2012.

Nitrate (NO,+NOs-N) comprised the greatest form of nitrogen in the stream samples. Inorganic forms of
nitrogen exceeding 0.3 mg/L can result in increases in algae in lakes; however criteria does not exist for flowing
water. During 2012, median nitrate concentrations ranged from 2.6 mg/L to 7.9 mg/L. LS03 had the greatest
nitrate concentrations, ranging from 6.8 mg/L to 7.9 mg/L. Concentrations at LS02 demonstrate expected
background concentrations for this part of the state.



During low flow (baseflow) conditions, stream water generally represents an average concentration of the
groundwater in the sub-watershed discharging to that site. With this in mind, there is concern that some of the
private drinking water wells may have concentrations that exceed state and federal drinking water standard of
10mg/L. Therefore, we encourage landowners in the LSO1 and LS03 sub-watersheds to have their drinking water
tested for NO,+NO5-N.

Boxplot of NO2 + NO3-N
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Figure 4: Boxplots of nitrate (NO2+NO3-N) concentrations in stream samples collected between May 1 and October31 2011 and 2012..

Total suspended solids (TSS) is a measure of sediment in suspension in water. Soil erosion and other particles
moving to the stream from the landscape or re- suspension of in-stream sediment can result in elevated TSS
within Spring Creek, especially following snowmelt or storms. Samples collected from sites LS02 and LS05
exhibited increased median TSS concentrations during 2012 compared to those measured during 2011. Samples
collected from site LSO3 consistently had higher concentrations of TSS than the other sites.
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Figure 5: Boxplots showing total suspended solids (TSS) concentrations in stream samples collected between May 1 and October31
2011 and 2012.



In surface water, chloride (Cl) can be an indicator for human influence from land use practices in the watershed.
In Wisconsin, background Cl concentrations are approximately 2mg/L. At sites LSO1 and LSO5, concentrations of
Cl were greater during baseflow, suggesting that Cl is entering the streams via groundwater.
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Figure 6: Boxplots showing chloride (Cl) concentrations in stream samples collected between May 1 and October31 2011 and 2012.



Discharge Measurements

At each monitoring location, staff gauges were installed along the river bank to measure water height
throughout the sampling season. During this project, rating curves were developed by measuring discharge and
recording staff gauge readings when sample sites were visited. In 2012, discharge was only measured when
data was lacking for a particular water level. Discharge measurements began in 2010 by the WI DNR and citizen
monitors. Professionals from Columbia County LWCD began measuring discharge in 2011. Different flow
meters were used by the partners, do their data was displayed independently in the rating curves. Discharge
measurements and rating curves are display in Figure 7, Figure 8, Figure 9, Figure 10, and Figure 11.
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Figure 7. Rating curve for Spring Creek monitoring station LS01. (2010-2012)
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Figure 8. Rating curve for Spring Creek monitoring station LS02. (2010-2012)



South Branch (LS03)

250 ‘
' /
— i & NNR / Citizen

20 L 3203025
u —
? 1.50 __’ ___.u
v —
o |
ﬁ L B Counly Dala

R2=0.5521
0.50
0.00
0 2 4 ) 8 10 12
Discharge (cfs)

Figure 9: Rating curve for Spring Creek monitoring station LS03. (2010-2012)
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Figure 10: Rating curve for Spring Creek monitoring station LS04. (2010-2012) Columbia County's monitoring location was moved in to

a different location in September 2011.




Elizabeth St. (LS05)
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Figure 11. Rating curve for Spring Creek monitoring location LS05. (2010-2012)
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Boxplot of TP
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Figure 12: Boxplot of total phosphorus (ug/L) including all samples collected each year (March - November).
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Figure 13. Boxplot of dissolved reactive phosphorus (jig/L) at sampling sites on Spring Creek (2011-2012).
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Figure 14. Scatterplot of total nitrogen concentrations (mg/L) in all samples collected at sites on Spring Creek (2011-2012). NOAA
precipitation data (inches) plotted in background.
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Figure 15. Scatterplot of total suspended solids (mg/L)in all samples collected at sampling sites on Spring Creek (2011-2012). NOAA
precipitation data plotted in the background.
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Figure 16. Scatterplot of chloride concentrations (mg/L) in samples collected at all sites on Spring Creek (2011-2012). NOAA
precipitation data (inches) plotted in background.
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Project Description

This project was funded by the Columbia County Land and Water Department (CCLWCD) to conduct a NR 151
Livestock Inventory Study in the Spring Creek Watershed as an assessment tool to determine benefit of
Phosphorus (P) reductions and the types of and the cost of best management practices (BMP’s) needed to obtain
the suggested P reductions.

Methods

The CCLWCD conducted a satellite image analysis of the Spring Creek Watershed for the purposes of locating
the existing livestock operations. Using this as the starting point, CCLWCD staff visited these locations and any
other livestock operations that were witnessed while in the Spring Creek Watershed during the Spring and
Summer of 2014. Each livestock operation was reviewed using the criteria established in NR 151 Runoff
Management, Subchapter 11 — Agricultural Performance Standards and Prohibitions and calculated the pre and
post BMP edge of lot P discharge using BARNY. The BMP’s used to provide the P reductions in BARNY were
listed with a low and high cost range. It should be noted not all operations were calculated in BARNY: Operations
currently retired are listed as No Livestock (NL), Operations with no open lots, existing under a roof with no
discharge are listed as (NOL), Pastures are listed as such, and one large dog kennel lists as (DK). After calculating
pre BMP P discharge, sites with low edge of lot P discharge (< 15 Ibs. of P) were not considered for BMP
installation.

Watershed Description

Spring Creek is located in south central Wisconsin on the border of Columbia County and Dane County. The
watershed draining to Spring Creek is approximately 28,813 acres. It flows northwest through the Lodi Marsh
State Wildlife Area, into the City of Lodi, and empties into Lake Wisconsin (Figure 1). Spring Creek’s
headwaters and tributaries lie in an area with mixed land uses including forests, wetlands, and agriculture. Just
below the confluence of the south and west branches of Spring Creek, Spring Creek flows through the City of
Lodi and received the effluent from its wastewater treatment plant before in drains into Lake Wisconsin.

Figure 1. Spring Creek Watershed -2013 NAIP Ortho
Photo showing the Watershed Boundary Dataset
HUC12 for Spring Creek.
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Summary Results
110 Livestock Locations Visited

54 Livestock Locations in Columbia County
54 Livestock Locations in Dane County
2 Miscellaneous Locations
24 Locations have No Livestock Currently
85 Locations have Livestock Present
74 Locations have Livestock Lots
7 Locations have active pastures
5 Locations are completely confined with No Open Lots (NOL)
1 Miscellaneous Location is a Dog Kennel
40 Locations have potential to remove greater than 5lbs through BMP implementation
17 Dane County
23 Columbia County
2817 Ibs of P calculated with BARNY at edge of lot before BMP
1,587 lbs P at edge of lot in Columbia County
1,230 Ibs P at edge of lot in Dane County
876 Ibs of P calculated with BARNY at edge of lot after BMP
407 Ibs P at edge of lot in Columbia County
469 |bs P at edge of lot in Dane County
1941 Ibs of P reduced with BMP implementation calculated, at edge of lot
1180 Ibs P at edge of lot in Columbia County
760 lbs P at edge of lot in Dane County
$1,684,200 Low range for BMP installation

$2,194,500 High range for BMP installation



Figure 4 Spring Creek Watershed-2013 NAIP Ortho Photo with Hydrology and BARNY Assessed Livestock Sites
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APPENDIX F

Urban Critical Source Area WinSLAMM Modeling

1.1 INTRODUCTION

This report documents the findings of a study conducted for purposes of determining whether
the City of Lodi’'s stormwater management system could be modified to cost-effectively
capture additional amounts of Total Phosphorus (TP) from annual stormwater runoff. Potential
modifications to the stormwater system evaluated in this report which have the potential for
reduction of TP from runoff within the City have been evaluated and conceptual cost-estimates
prepared for purposes of comparison to other TP-reducing alternatives focused on agricultural
practices outside the City. The most effective options of all those evaluated, in terms of total
cost per pound of phosphorus captured, will be implemented as part of the City of Lodi’s
Adaptive Management Program for phosphorus compliance for their wastewater treatment
plant.

The findings of this study are taken from water quality model of the approximately 300 acre
portion of the City (including some surrounding areas draining through the City) draining to
Spring Creek upstream from the WWTF. The model was used to evaluate Total Phosphorus
loads generated by land uses within the watershed, as well as reductions to loads achieved by
four existing stormwater management ponds and the City’s current street sweeping program.
The modeling was used to evaluate potential retrofits to existing ponds as well as the potential
benefits to construction of five other stormwater ponds.

1.2 METHODS

This study is based upon a detailed WinSLAMM Version 10.0 model of the City’s stormwater
management system. WinSLAMM is a Wisconsin Department of Natural Resources (WDNR)
approved model recommended for use in determining TP loads and removal rates from
stormwater management practices for development of Adaptive Management Plans (see
notation within “Adaptive Management Technical Handbook — A guidance Document for
Stakeholders,” January 07, 2013) 'WinSLAMM' abbreviates “Source Loading and Management
Model [for Windows].”

SLAMM was originally developed to better understand the relationships between sources of
urban runoff pollutants and runoff quality. It has been continually expanded since the late
1970s and has been revised to include a wide variety of source area (runoff and pollutant
generators) and outfall control practices (runoff and pollutant management practices). SLAMM
is based on actual field observations and has minimal reliance on theoretical processes.

Project No. 00080036 Page 1
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Input data required by WinSLAMM for each model application includes a number of data files
that describe local meteorological and hydrological conditions and pollutant loading
characteristics. These files are prescribed for use in the WinSLAMM model by the USGS
Wisconsin Water Science Center and include parameter files for rainfall, pollutant distribution,
runoff coefficients, particulate solids concentrations, and pollutant delivery data.

1.2.1 RAINFALL DATA

The USGS has evaluated rainfall data collected across the state of Wisconsin for many
years and has identified annual rainfall records for five locations in the state that are felt
to be representative of typical rainfall precipitation conditions. For Lodi, the closest
rainfall record recommended for use in water quality modeling is the Madison rainfall
record of 1981. Modeling protocols established by WDNR require elimination of the
winter season (where precipitation principally falls as snow or ice) from the model
simulation as WinSLAMM cannot accommodate snowfall and runoff from snowmelt
events. The range of winter dates applicable to the Minneapolis rainfall data run from
December 2 to March 12. Thus, any single-year simulation runs from March 13 to
December 1.

It is noted that a five-year model run is specified by WDNR for evaluations which include
street sweeping. While this study included an evaluation of existing sweeping practices,
it was never intended that modifications to sweeping practices would be evaluated as a
method for TP reductions for the adaptive management program. Since modeling of the
five-year rainfall record resulted in much longer modeling solutions, the one year rainfall
record was applied for expendiency.

1.2.2  WINSLAMM POLLUTANT LOADING FILES

Pollutant loading files required by the WinSLAMM model include a Pollutant Probability
Distribution File, Runoff Coefficient File, Particulate Solids Concentration File, a Street
Delivery Parameter File, and a Source Area Particle Distribution File.

The Pollutant Probability Distribution File describes the pollutant loading from different
source areas (land use types). This data is based upon actual pollutant loading collected
from the study area or region.

The Runoff Coefficient File describes parameters specific to different source areas (land
use types) that determine the runoff volumes resulting from rainfall events of different
depth.

The Particulate Solids Concentration File contains parameters allowing the WinSLAMM
model to determine the weight of particulate solids loadings resulting from runoff

Project No. 00080036 Page 2
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events of different volumes. The particulate solids concentration file includes data
measured by the USGS from source areas including residential, commercial, and
industrial rooftops; residential lawns; residential driveways; residential, commercial and
industrial streets; commercial and industrial parking lots; freeways; and undeveloped
areas.

The Street Delivery Parameter File contains data describing the fraction of total
particulates that do not reach the outfall during a rain event, for different rain depths
and street textures.

The Source Area Particle Distribution File provides the default particle size distribution
files for each source area within each land use type.

1.23 MODEL PARAMETER FILES

The following model parameter files were entered into the WinSLAMM model(s) for
evaluation of the City of Lodi’s stormwater management system.

Rainfall Files - WisReg - Madison WI 1981.RAN

Pollutant Probability Distribution File - WI_GEOO03.ppdx

Runoff Coefficient File - WI_SLO6 Dec06.rsv

Particulate Solids Concentration File - v10.1 WI_avg01.pscx

Street Delivery File:
Residential/Other - WI_Res and Other Urban Dec06.std
Institutional/Commercial/Industrial - ~ WI_Com Inst Indust Dec06.std
Freeway - Freeway Dec06.std

1.24 WATERSHEDS, LAND USES, SOURCE AREAS, AND SOIL TYPES

Watersheds are the sources of runoff and pollutants simulated by the program.
WinSLAMM Version 10 is capable of modeling complex systems of interconnected
watersheds each of which can contain up to six discrete land uses; residential,
institutional, commercial, industrial, freeway, and other urban areas. Each land use
contains specific runoff and pollutant source areas including roofs, paved
parking/storage areas, unpaved parking/storage areas, playground, driveways,
sidewalks/walks, street areas, landscaped areas (small and large), undeveloped areas,
isolated/water body area, other pervious areas and impervious areas (directly
connected and indirectly connected). Each source area is further categorized by soil
texture, including sand, silt, and clay soil types.
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1.2.4.1 Determination of Watershed Boundaries

For this study, watershed areas draining to existing or proposed water quality
management practices were delineated using the GIS program ArcMap 10.3.
Delineation of watersheds was completed using two-foot contour interval
topographic maps overlaid with storm sewer and surface drainage system maps
as well as watersheds that were previous used in the 2009 Spring Creek
Watershed Study and Urban Stormwater Plan developed for the City of Lodi.

The water quality modeling study area is identified in Map-1, ‘Study Area Limits’.

1.2.4.2 Development of WinSLAMM Land Use Data

Land Use was assigned by MSA, based on several data sources. The County
provided a GIS parcel dataset, and each parcel within the Study Area was
assigned a unique land use, based on a combination of aerial imagery, parcel
ownership information, and Google Street View. Land uses were assigned to
match built-in WinSLAMM standard land use classifications. Land uses included
in the model are shown in Table 1.

Table 1
Land Use classifications for WinSLAMM

Agricultural

Cemetery

Commercial, Downtown

Commercial, Shopping Center

Commercial, Strip

Industrial, Light

Institutional, Misc.

Institutional, School

Open Space

Park

Residential, Duplex

Residential, Low Density

Project No. 00080036 Page 4

© March 2016 MSA Professional Services, Inc.



Wastewater Facility Plan Appendix F
City of Lodi, Columbia County, WI March 2016

Residential, Medium Density (No Alley)

Residential, Multi-Family

For the non-highway street right-of-way (ROW) areas, MSA created a
generalized ‘ROW’ polygon (covering all regions not classified within the original
land use dataset — i.e. areas not defined as parcels). This new polygon was then
divided along the street centerlines with the resulting pieces assigned land use
according to the classification of the adjacent parcel. Figure 1, below, provides
an example of how this was accomplished.

Figure 1

Legend

— Swreet Centerline

[T Parcel Boundary

AVE.

Land Use For Model

I Commercdial, Strip
0 Institutional, Misc
0 Light Industrial
I Other, Open
Residential, Duplex
[ Residential, Medium Density (No Alley)
0 Residential, Medium Density (Alley)

Land Use Classifications were assigned to ROW areas.
Map-2 identifies WinSLAMM land uses within the study area.

1.2.4.3 Development of WinSLAMM Soil Texture Data

WinSLAMM requires that the soil underlying all source areas be classified by texture
as sand, silt, or clay. The WinSLAMM ‘Frequently Asked Questions (FAQ)' document
on the WinSLAMM web site (http://winslamm.com/fag.html) states that soil
textures are to be assigned according to the hydrologic soil group (HSG) assigned
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each soil type by to the USDA county soil atlas; ‘When we set up the soil
classifications clayey, silty and sandy, we assumed that they would correspond to
the SCS classification A, B, C, and D soils, with: A — Sandy, B — Silty, C and D - Clayey.’

Table 2 identifies the soil types within the project study area identified in the
Columbia County Soil Atlas and identifies the soil texture class assigned to each soil
for entry into WinSLAMM according to the relationship described above. Soils with
a dual classification such as B/D indicate the HSG of the soil in a drained and
undrained condition, respectively. Soils were assumed to be drained as this is a
common condition in urban areas.

Map 3 identifies the locations within the study area where sandy, silty, and clayey
soils were applied in this study.

Table 2
Study Area Soil Textures

) Hydrologic )

Soil Map ) ] WinSLAMM
Unit Soil Name Soil Group Soil Texture
(HSG)

Ah Alluvial land B Silty
AtB Atterberry silt loam B Silty
CaE2 Channahon silt loam D Clayey
DoB2 Dodge silt loam B Silty
DoC2 Dodge silt loam B Silty
DoD2 Dodge silt loam B Silty
DrC2 Dresden loam B Silty
DrD2 Dresden loam B Silty

GP Gravel pit A Sandy
JoA Joy silt loam B Silty
LaC2 Lapeer fine sandy loam B Silty
LaD2 Lapeer fine sandy loam B Silty
MeB2 McHenry silt loam B Silty

MeC2 McHenry silt loam B Silty
MnC2 Military fine sandy loam B Silty
MnD2 Military fine sandy loam B Silty

MtB Mt. Carroll silt loam B Silty
MtC2 Mt. Carroll silt loam B Silty
NoE Northfield sandy loam D Clayey
OsA Ossian silt loam B Silty

Project No. 00080036
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Ot Otter silt loam D Clayey
PnA Plano silt loam B Silty
PnC2 Plano silt loam B Silty
RdC2 Ringwood silt loam B Silty

Rk Rock land D Clayey
SaB2 St. Charles silt loam B Silty
SaC2 St. Charles silt loam B Silty
SbC2 Salter fine sandy loam B Silty

Sd Sandy land B Silty
SeC2 Saybrook silt loam B Silty

w Water D Clayey
PnB Plano silt loam B Silty
PnB Plano silt loam B Silty
PnB Plano silt loam B Silty
PnB Plano silt loam B Silty
QUA Quarryl

w Waterl
1. Quarry and Water areas were manually reclassified according to the HSG of neighboring soils.

1.25 WATER QUALITY MANAGEMENT PRACTICES

WinSLAMM allows for assignation of water quality management practices for individual
source areas within a land use type, within the drainage system serving the watershed,
or at the ‘outfall’ (point of discharge of the watershed). The portion of the City of Lodi
evaluated in this study contains water quality management practices including street
sweeping which was applied at the (street) source level and stormwater quality ponds
which were applied at the outfall level. There were no management practices applied
at the drainage system level (i.e. no vegetated swales or catch basins).

Project No. 00080036
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1.2.5.1 Application of Street Sweeping in WinSLAMM

Street sweeping is a management practice applied at the street source area level
within the WinSLAMM model and was the only management practice evaluated
in this manner.

WinSLAMM is capable of modeling both mechanical and high-efficiency
(vacuum) street sweeping. Sweeping intervals may be altered and sweeping may
be evaluated with and without parking restrictions. Parking restrictions assume
that cars are not allowed to park on streets on days when sweeping is to occur.
Within the model, the sweeping frequency is assigned as part of the land use
classification.

Street sweeping frequency data was provided by the City of Lodi Engineering
Department. Sweeping is done at different intervals: (a) once per week, (b) one
time every two weeks, and (c) no sweeping. There are no street sweeping
parking controls enforced by the City, however after discussion it was
determined that the parking density while sweeping occurs is low and so a
classification of ‘light’ was entered into the model.

To assign the appropriate sweeping classification within the WinSLAMM model,
each parcel was assigned a sweeping classification based on its location relative
to a swept road. If the parcel boundary was within 70 feet of a swept road
centerline, it was assigned the associated sweeping classification. For those
parcels adjacent to two or more streets with different sweeping frequencies, the
sweeping interval was assigned based on the classification of the longest road
segment adjacent to the property. Large parcels were individually reviewed and
adjusted to confirm the sweeping classification was appropriate. For example,
agricultural fields that were adjacent to a small road segment with sweeping
where changed to ‘no sweeping’.

Map 4 shows the different street sweeping routines identified by City staff, the
land areas classification determined by the above methodology, and the region
that was modelled within WinSLAMM for sweeping.

Note that because street sweeping occurs throughout the City, the TP load

delivered to existing and proposed BMPs is affected by sweeping operations.

1.2.5.2 Application of Stormwater Detention Ponds in WinSLAMM

The WinSLAMM model is capable of modeling several configurations of ponds
including wet detention ponds, dry detention ponds, and infiltration ponds.
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12521

12522

Each of these pond subtypes are included in the assessment of the City’s
stormwater management system.

WinSLAMM requires several input parameters in order to define stormwater
detention ponds so as to evaluate their effectiveness at reducing pollutants in
stormwater runoff. These parameters include; drainage area, storage volume
(expresses as surface area at different elevations), and the configuration of
outlet control structures (orifices, culverts, weirs, etc.). All ponds that were
configured as dry or infiltration ponds were also assigned an infiltration rate.

Determining Pond Drainage Areas

Watershed areas draining to existing stormwater detention ponds were
determined using GIS. The City provided a GIS map identifying the locations of
known stormwater management facilities which MSA supplemented through
review of aerial topographic maps and photos as well as field inspections. MSA
digitized the boundaries of drainage areas tributary to each detention pond
according to storm sewer mapping provided by the City and aerial topographic
maps.

Locations for the five alternative future ponds were determined by looking for
areas within 300 feet of existing storm sewers, taking into account the upstream
drainage area (i.e. larger drainage areas typically have higher TP loads and are
served by larger diameter sewers). Properties with comparatively lower
assessed values within the 300 foot buffer were identified as potential sites for
stormwater quality ponds. As with existing detention ponds, MSA digitized the
boundaries of drainage areas tributary to each alternative future pond according
to storm sewer mapping provided by the City and aerial topographic maps.

Map-5 identifies the location of existing and proposed stormwater detention
ponds and areas served by ponds within the study area.

Sources of Stormwater Pond Geometry Input Data

As indicated previously, WinSLAMM modeling included four existing stormwater
management ponds and five alternative future ponds. MSA used pond geometry
from the 2009 Spring Creek Watershed Study and Urban Stormwater Plan
prepared for the City of Lodi.
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1.3 FINDINGS

Table 3, below, summarizes results of the WinSLAMM modeling. These results reflect TP
reductions achieved by existing structural water quality practices as well as operational
practices including street sweeping.

TABLE 3
City of Lodi Current Total Phosphorus Loads

Area within Study TP Removed by
Limits Annual TP Load Existing BMPs
acres Ibs/yr Ibs/ac/yr lbs/yr %
299.7 229.5 0.77 37.7 16.4%

Review of the individual performance of existing BMPs showed that ponds EX1, EX2, and EX3 all
achieved relatively low levels of TP reduction. Since pond EX3 receives runoff from ponds EX1
and EX2, pond EX3 was identified as a potential site as a water quality treatment optimization
project; a simple modification to the pond’s outlet control structure was found to achieve a
marked improvement in TP capture rates.

Table 4 presents the anticipated additional TP reduction achieved by retrofits to one of the
existing stormwater management ponds (EX3) as well as by construction of five new water
qguality ponds. Cumulatively, these modifications could achieve an estimated additional 59.7
pounds of TP reduction per year, or another 26.0% of the study area estimated annual load.

TABLE 4
Alternative Stormwater BMP Cost-Effectiveness
. Total TP Capture

BMP Dr:;r;zge TP Load E fflisc'\izl:\cy TP Trapped | Construction PresF:ent

Cost Worth?

(ac) (Ibs/yr) (%) (Ibs/yr) (/1b/yr)
EX3 47.3 4.9! $20,000 $311
PR1 17.5 14.4 54.6 7.9 $84,700 $549
PR2 61.1 54.8 455 25.0 $89,300 $185
PR3 14.6 10.5 34.6 3.6 $92,725 S754
PR4 24.1 22.2 50.3 11.2 $132,200 $358
PR5 78.9 48.6 24.7 12.0 $102,600 $258

1. Net additional TP trapped following modifications to the existing pond outlet structure.
2. Assumes that annual maintenance represents 2% of initial construction cost (maintenance costs for pond EX3 assumed to be equal to
the average of all other proposed ponds); that the maintenance life span is 20 years, and that the applied inflation rate is 4.625%.
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The estimated costs to achieve these reductions range from $185/lb/yr to $754/lb/yr expressed
as a present worth value. Setting aside potential social issues such as conversion of existing
open spaces (some within park areas) to stormwater management practices, the magnitude of
potential TP reductions achievable by urban practices is small relative to practices which may
be applied in surrounding agricultural areas. Agricultural management practices also typically
cost much less, typically only around $50/Ib/yr. With higher unit costs for urban applications it
seems unlikely that application of urban stormwater quality retrofits will be applied as part of
the Lodi Adaptive Management Program.
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PROFESSIONAL SERV!CES_I

More ideas. Better solutions.®

To: Reader
From: MSA Project Team
Subject: Interpreting Urban Modeling Input/Output Data
Date: March 7, 2016

The following pages are taken from the WinSLAMM models referred to in the Urban Modeling study
described in Appendix F. Below is a list of what’s included in the following pages:
0 Model network
Pond input screen for each existing pond, and EX3 proposed
Summary output for existing conditions
Summary output for proposed ponds
Input text file for existing condition

O O 0O

Due to idiosyncrasies associated with WinSLAMM reports for TP reductions as well as limitations to the
scope of this study, the performance of alternative future BMPs estimated through application of WDNR
Conservation Practice Standard 1001 and other guidance documents. Specifically, the ratio of watershed
area to BMP area was determined so as to estimate potential Total Suspended Solids (TSS) Reductions
achievable by future pond. Estimated TSS reductions were converted to estimated TP reductions through
application of pollutant portioning ratios developed by WDNR as part of TMDL implementation guidance
documents. The total load attributable to a proposed BMP was determine by calculating the net TP
reduction achieved by a hypothetical BMP with 100% capture efficiency relative to existing conditions
baseline loads. The actual estimated capture rate for the BMP was determined by multiplying the
estimated TP capture rate to the calculated load.

Offices in lllinois, lowa, Minnesota, and Wisconsin
2901 International Lane, Suite 300, Madison, W1 53704-3133
(608) 242-7779  (800) 446-0679
FAX: (608) 242-5664 WEB ADDRESS: www.msa-ps.com
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Wet Detention Control Device

Pond Humber 1 _ . T Add | Sharp Crested Weir Add | Add |
Drainage System Control Practice Yolume ; i ater
ge 3y [f] [acres] (ac-ft] Month E““[?n'ﬁ:;']”” ‘withdraw Rate
Pond EX1 0| 000 00000 0.000 e s
1 0.0 0.oomn 0.000 sdd | V-Notch Weir
2 050 0.0250 0.006
K] 1.50 01140 0076
: 4 250 02360 0426
Mot needed - calculated by program 5 55l 03650 1027
B E.50 04320 1.425
7 7.50 0.5000 1.891 Remove |[Iliﬁl::e Setl
Initial Stage Elevation [ﬂ:]: Ii 8 a.50 05710 2427 Orifice Diameter [ﬂl] 280
_ q |rvert elevation above datum [ft] 0.m
Peak to Average Flow Ratio: 280 10 Murnber of orifices in et i
b asirnum [nflows into Pond [cfz] 1 i
Erter 0 aor leave blank far no lirit: 17 Add | Orifice Set 2
Copy Pond Data | Pazte Pond Data | 13 S Add | Add |
14 St M atural Other | &
15 [?t?e Seepage Rate | Outflaw
Enter fraction [greater 0.00 1E &dd | Orifice Set 2 [inhr] R ate [cfs)
thiar 0] that pou want ko 17 = el T
modify all pond areas by _
and then zelect Maodify M adify Fond :
Pal S s E e Areas Recalculate Cumulative Yalume
Viertkal Dimension Only to Felaie Scake 15000 Add Stone Weeper
"T___________\ I_I_ =
Broad Crested Weir
e IR equired]
Weir crest lenath [ft] 150.00
a.50 o0 YWeir crest width [ft] G.00
: Height frorm datum to 200
bottom of weir opening [ft) :
Add | Seepage Basin
' #dd  |Vertical Stand Pipe
Cancel LContinue ‘

Control Practice #: 9 CPIndex #: 1
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Wet Detention Control Device

Pond Number 3 - T 0 e Add | Sharp Crested Weir Add | Add |
Drainage System Control Practice *Yolume : W ater
cita [ft [acres] el Month E‘}?ﬂﬂ'ﬂ:;']':'” Withdraw Fate
Pond EX2 o) 000/ 00000 0,000 [ac-ft/day]
1 0.0 01360 Q.00 4dd  |V-Notch Weir
2 0.0z 01360 Q.00
| [3| 1o o2 0,172
4 2.00 0. 2860 0421
ot needed - calculated by program 5 5 0 02860 0473
G
7 Remove |I]riﬁt:e Set1
Initial Stage Elevation [ft]: g Drifice Diameter (1] 2.00
_ 9 Invert elevation abowve datum [ft] .
Peak to Average Flow Ratio: 3.80 10 Murnber of orfices in set 1
b airnum [nflow into Pond [cfz] 11 o
Enter 0 or leave blank far no limit: 12 Add |l]nf|ce Set 2
Copy Pond Data | Pazte Fond Data I 13 =) Add | Add |
14 st M atuiral Other | &
15 [.?t?e Seepage Rate | Outflow
Enter fraction [greater 0.on 1E 4dd | Orifice Set 2 [inhr] Rate [cfs]
thar 0] that pou want o 17 = HNEEIE ]
modify all pond areas by -
and then select Madify todify Pond =
S feas Recalculate Curnulative Wolume
Wertical Dimension Cnly 1o Felsive Scake 10,00 — Add Stone Weeper
_— — — — — — e r—
Broad Crested Weir
HbmEe IRequired]
Weir crest length [ft] 10.00
1 g9 W eir crest width [f) 10.00
Height fram datum to 199
bottorn of weir opening [ft] .
Add | Seepage Basin
: Add  |Vertical Stand Pipe
| Cancel Continue ‘

Contral Practice #: 135

CPIndex #: 3




Wet Detention Control Device

Pond Number 2 oo | ama | Comiaive = 4dd | Sharp Crested Weir Add | Add |
Drainage System Control Practice Yolumne ; W ater
g 2y W] s | Month E*}fﬂlﬂ;ﬁfﬂ Withdraw Rate
Pond EX3 0] 000 00000 0.000 [ac-ft/day]
1| 0.0 0.1500] 0.001 add |'1.I’-Hut-::h Weir
2] 200 0.3450) 0741
| 3 500 0.6420) 1728
4 7o 0.9330) 3308
Mot needed - calculated by program 5 900 1.2550 5 B
B 11.00 1.5710] 8327
711300 1.7630) 11.6E1 Add | Orifice Set 1
Initial Stage Elevation ft; | £.00 8| 1500 1.3540 15.378
q 16.00 20000 17,356
FPeak to Average Flow Fatio: 280 11 |
k awimurn [nflow inta Pond [ofz] 11 .
Enter 0 or leave blank far no limit; 12 Add | Orifice Set 2
Copy Pond D ata | Paste Pond Data | 13 ] Add | Add |
14 St M atural Other | =
15 [.fat?e Seepage Pate | Outflow
Enter fraction [greater 0.00 16 &dd | Orifice Set 2 [inhr] Fate [cfs)
thar 0] that you want ko 17 = IR aE 1 )
modify all pond areas by :
and then zelect 'Modify k odify Pond z
Pard Araserines S Recalculate Curulative Yolurme
Wiertial Dimension Cnly 1o Felaike Scale 20,00 Add Stone Weeper
Broad Crezsted Weir
s [R equired]
200 Wieir crest length [ft] 20.00
B S e s e p— o e Wieir crest width [ft) 20.00
T Height from datum to 10,50
1050 bottomn of wer opening [ft] .
E'rn Add |5EE|]E|QE Basin
Remove |Uertical Stand Pipe
) Pipe diameter [ft] 2.00
Eancel Lantone ‘ Height above datum [ft 2.00

Contral Practice #: 26 CFP Index #: 2
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Wet Detention Control Device

Contral Practice #: 26

Pond Mumber 2 T EirOEe = Add | Sharp Crested Weir Add | Add |
- : Stage Area
Drainage Sypstem Control Practice olume : i ater
cita [ft [acres] el Month E‘}?ﬂﬂ'ﬂ:;']':'” Withdraw Fate
. ac-ft/da
Pond EX3 - Proposed Retrofit |0/ 0.00 0.0000 0.000 [ L
1 0.0 01500 Q.00 4dd  |V-Notch Weir
2 2.00 0.2450 0741
| [3| 500 o064 1.728
4 7.00 09220 2,208
ot needed - calculated by program 5 900 1 2850 5 501
G 11.00 15710 8227
7 12.00 1.76320 11.661 Remove |l]rifice Set 1
|ritizl StEIQE Elevation [H]Z a0 a 15.00 1.9540 15,378 Orifice DiaITII.EtEI [ﬂ:] 0.a0
_ 9 16.00 20000 17.385 Invert elevation abowve datum [ft] 2.00
Feak to Average Flow Ratio: 3.80 10 Humber of orifices in set 1
b airnum [nflow into Pond [cfz] 11 o
Enter 0 or leave blank far no limit: 12 Add |l]nf|ce Set 2
Copy Pond Data | Pazte Fond Data | 13 =) Add | Add |
14 st M atuiral Other | &
e 15 [.?t?e Seepage Rate | Outflow
nter fraction [greater 0.on 1E 4dd | Orifice Set 2 [inhr] Rate [cfs]
thar 0] that pou want o 17 = HNEEIE ]
modify all pond areas by -
and then select Madify todify Pond =
S feas Recalculate Curnulative Wolume
Wertkal Dimension Only o Relzie Scak 20,00 Add Stone Weeper
Broad Crested Weir
HbmEe IRequired]
Weir crest length [ft] 20.00
16.00° R e R e e e s R U S S S R e, W eir crest width [f) 20.00
Height fram datum to 10,50
B bottorn of weir opening [ft] .
Sl Add | Seepage Basin
Remove |"I|F'EIti-::aI Stand Pipe
) Fipe diameter [ft] 200
Lancel Lontinue ‘ Height above datum it 5.00

CPIndex#: 2




B9. Biofiltratiocn Control Device EX4 Rain Garden | E3 :
Drainage System Control Practice Flemove |5halp Crested Weir Other Dutlet Evaporation  Add
Device Properties Biofilter Number 1 "w'eir Length [ft) 100.00 i)
Top Area [=f] 14020/ |Height from datum to 150
Battom Avea [<f] 2905 bottom of weir opening [ft]
Tatal Depth [ft] 410 Femove | Broad Crested Weir-Beqrd ]
Tupical Width [ft] [Cost est. anly] 10001 Pwfeir crest length [f) 10.00
M ative Sail Infiltration R ate [indhr) 05001 [afeir crest width [f) 10.00
Height from datum to 200 o
Infil. B ate Fraction-B attam (0.001-1] 1.000| |bottom of weir opening (ft) : 4dd | Evapotranspiration
Infil. A ate Fraction-Sides (0.001-1] 1.000 : &
Add | Wertical S5tand P
Rock Filled Depth [f 2.00 Bt miiine
Raock Fill Porogity [0-1] 033
Engineered Media Type tedia Data
Engineered Media Infiltration R ate JE0 Add |5urface Dizcharge Pipe [
Engineered Media Depth [ft] 1.00
Engineered Media Porozity [0-1] 027
Remove |Dlain Tile/Underdrain
Inflows Hydrograph Peak to Average a0 Pipe Diameter [ft] 0.43 _ﬂ ﬂ L] ]
Flows Fatio ; Invert elevation abowve datum [ft] 1.33
Mumber of Devices in Source Area or 1 Mumber of pipes at irvert eley. 1
Upstraam Drainage System Usze Bandarn Murmber Biofilter Geometry 5chematic Riefiesh 5chematic|
B & & [ Generation to Account for
Imfiltration Rate Uncertainty 10,00 |_ 100,00
Imitial ‘W ater Surface : I I /_
= 000 Eleyation (i)
B
Ezt. Surface Dirain Time = 12.2 hrs. T Engineerﬁh’lﬁa =t

Select Hative Soil Infiltration Rate 1.00

" Sand - Bindhr  Clay loam - 0.1 indhr 410 e L

 Loamy sand - 25indhe O Silty clay loam - 0.05 indhr 033 Top of Rock Fil 350"

" Sandyloam-1.00n¢he € Sandy clay - 0.05 inhr R 300 ( 5

" Loam - 0.5 indhr € Silby clay - 0.04 indkr Data 200

" Silt laarn - 0.3 indhr € Clay - 0.02 indhr b aste Bicfil ' 141,33

" Sandy sitloam- 0.2 in‘he ¢ Rain Barrel/Tistem - 0.00 indhr FEae '

Mot needed - calculated by program Cancel Continue

Control Practice # : 141

CPIndes#: 4




File M arme:

F-480:530M000800364C alculations\W/inS LA MAE isting Conditionzh00020036 Lodi WinSLakdkd Exizting with pond data 030416 mdb

Existing Conditions Output Summary  Qutfall Output Summary

Percent
Runoff Volurme  Percent Bunoff I:Eem;gnt Particulate Solids F'artiu:_ulate Solids F'artiu:_ulate
[cu. ft.) Reduction H Conc. (mgrL] Yield (Ibs] Sy
(R Feduction
Tatal af Al Land Uszes without Contrals 5.951E+0k 0y | 1449 | 53823
Cutfall Total with Contrals | B.BOBE+0F | 244 | 017 | 1122 | 40651 | 2447 %
Current File Dutput: Annualized T atal ; ]
After Outfall Cortrals 5.821E+0E Years in kModel Bun: 1.00 A07E3
Concen- Concen- Concen- : ; Pollutant ; i
Pollutant tration - Mo tration - With | bration Pallutant ield Pollutant ield Yield Percent Yield
Contals Eontele it | 2 Ma Contralz - “With Cantralz Urits Reduction
Farticulate Solids 1449 112.2 mgL R3823 40651 | bz 2447 &
Tatal Phozpharus 0E178 0.5293 mog/L 2295 191.8 |bs 16.41 %] |

Print Output
Summary o cav
File

Frint Outpu
{Surmmary to T ext!
File {

Total Control Practice Costs

Capital Cost kA
Land Cost M
Annual Maintenance Cost i
Fresent Value of &l Costs A2

Annualized Walue of All Costs M A

Total Area Modeled [ac)

299672

Receiving Water Impacts

Due To Stormwater Runoff
[CWF Impervious Cover Model]

Approsimate
Calculated  Urban Stream
=37 Clazzification
e e without Controls [ 017 | Fai
Curve Calculations _ .
With Controls | 017 | F air




File M amme:

P4 230=430400080036M CalculationsYwinS LAk MY Proposed' PR 1.mdb

PR1 Model Output Summary

Outfall Output Summary

Percent
Funoff Yolurme  Percent Bunoff EEEL;H;EM Farticulate Solidz F'artiu:_ulate Solids F'artic.ulate
(cu. ft] Reduction ! Cone. [mg/L) Yield (Ibs) s
(Rv] Reduction
Total of Al Land Uses without Controls | 5.951E+06 017 | 144.9 | 53823
Cutfall Tatal with Controlz | B.4R3E+0F |  810% | 016 | 109.4 | aTIe2 | 305a%
Current File Output: Annualized Taotal : ;
After Outfall Conbiols | 5.434E +06 Years in Model Furn; 1.00 374ER
Concen- Concen- | Concen- : o Pollutant - =
Pallutant tration - Mo tration - MWtk tration Ii'ﬂlutént T'F‘;Id _F:ﬂl.'iﬁagt Yt"ﬂij ield F';ru:snt t\.ﬁe'd
Contralz Contralz itz b Lontrol M LORTRE | nits EHuUEton
Particulate Saolidz 144.9 109.4 mg/L h3823 37362 |bs 30.58 &
Tatal Phosphorus 06178 0.5197 masL 2295 177.4 |bs 2270%

Print Qutput
Summary to Text
File

Frint Qutput
Summary bo .cav
File

Total Control Practice Costs

Capital Cost M A
Land Cost WA
&nnual Maintenance Cost kA
Prezent Value of All Costs M A
Annualized Y alue of Al Costs WA

Tatal Area Modeled [ac]

233678

Perform Cutfall
Flaw Diuration
Curve Calculations

Receiving Water Impacts

Due To Stormwater Runoff
[CWP Impervious Cover Model]

Approwimate
Calculated  Urban Stream
R Clazzification
wlithout Controls | 07 | F air
Wwith Contrals | 0,16 | Fair



Land Uzes T Junctions T Control Practices

File Marme:
P480:\80010030036MCalcul ations \WinS LAMMA\Prapozedi PR 2. mdb

PR2 Model Output Summary Qutfall Qutput Summary S
EICEn
Eunaff Yalume  Percent B unaff EEEL;H;EN Particulate Solids  Particulate Solids Particulate
(cu ft) Rreduction Aol Conc. [ma/L] Vield (lbs] S
Total of &ll Land Uses without Contrals 5.951E+06 017 | 14439 | b3823
Cuatfall Tatal with Contrals | 4. 200E+0F | 2942% RE | 101.0 | 2B484 | BO79%
Current File Output: Annualized Total : i
&ifter Outiall Cantials 4 212E+06 Years in Model Bun: 1.00 JEERT
Cohcen- Concen- Cohcen- ; : Poallutamt ; =
Puollutant tration - Mo tration - With | tration Pallutant Yield Pollutant Yield Yield Percent ‘rield

- Mo Cantralz - With Contrals R eduction

Contrals Contralz itz Uitz
Farticulate Salids 1449 101.0 masL 53823 26484 |bs A0.79 %
Tatal Phozphorus 06178 05224 magsL 2295 137.0 |bs 4032 &

Frint Output Print Output
Summary to Text | Summary to .cav Tatal Area Modeled [ac]
File Fil= 293678
] Receiving Water Impacts
Total Control Practice Costs Due To Stormwater Runoff
Capital Cost M/ [CWP Impervious Cover Model]
Approximate
Land Cost N/A Calculated  Urban Streamn
&nnual Maintenance Cost 3 —— R Classification
erform Uutta . -
Present Yalue of All Costs ML e e Without Contrals | 017 | Fair

Annualized Walue of Al Costs M Chi=Colpilon: With Cortrals | 012 | Good




File M amme:

P4 230=430400080036M CalculationsYwinS LAk MY Proposed' PR 3.mdb

Outfall Output Summary

PR3 Model Output Summary Percent
Funoff Yolurme  Percent Bunoff EEEL;H;EM Farticulate Solidz F'artiu:_ulate Solids Pa”":.U"E'tE
(cu. ft] Reduction ! Cone. [mg/L) Yield (bs) s
(Rv] Reduction
Total of Al Land Uses without Controls | 5.951E+06 017 | 144.9 | 53823
Cutfall Tatal with Controlz | B4HE+0R | 874% | 016 | 111.9 | 2728 | 2953%
Current File Output: Annualized Taotal : ;
After Outfall Conbiols | 5.448E +06 Years in Model Furn; 1.00 |03
Concen- Concen- | Concen- : o Pollutant - =
Pallutant tration - Mo tration - MWtk tration Ii'ﬂlutént T'F‘;Id _F:ﬂl.'iﬁagt Yt"ﬂij ield F';ru:snt t\.ﬁe'd
Contralz Contralz itz b Lontrol M LORTRE | nits EHuUEton
Particulate Saolidz 144.9 111.9 mg/L h3823 37928 |bs 2953 %
Tatal Phosphorus 06178 0.5347 masL 2295 181.3 |bs 21.02 %

Print Qutput Frint Qutput
Summary to Text Summary bo .cav Tatal Area Modeled [ac]
File File 299673
) Receiving Water Impacts
Total Control Practice Costs Due To Stormwater Runoff
Capital Cost AL [CWP Impervious Cover Model]
Approwimate
Land Cost M At Calculated  Urban Stream
Annual Maintenance Cost R A8 B Ry Clazzification
erform Lutta : -
Prezent ' alue of All Costs ML e myaye without Contrals | 017 | Fair

Annualized ¥ alue of All Costs M A Curve Caleulations Wit Controls | 01E | Fair




Land Lzes Junciions Loniral Frachces

File: Marne:
P-4 230=430500080036M CalculationsYwinS LAM MY Proposed' PR 4.mdb

PR4 Model Output Summary DUt WE UL mmarn:

Percent
Eunalf Valume  Percent Bunaff EEELfJfri-:I::;!nt Patticulate Solids  Particulate Solids Farticulate
(cu. ft] Reduction Fiol Cone. [ma/L) Yield (bs)] i
Total of &l Land Uses without Controls | 5.951E+05 017 | 144.9 | 53523
Outfall Tatal with Contrals | E.1REE+0R | 1319% | 018 | 108.9 | 5107 | 2477%
Curent File D”tpuﬁﬂgngﬂ;ﬁlegnmﬂs 5 130E+08 Years in Model Fur: 1.00 35203
Concen- Concen- Concen- . . Pallutant . =
Pollutant fration - Mo | bration - With | tration Eﬂ|UtEnt T'Elld _F:ﬂl.'iﬁagt \i'e'ij “ield F';rc:dent ;r'EId
Controlz Controlz Iritz SRS RHESORGONS ) e HT L
Particulate Salids 1449 108.9) masL 53823 5107 |bs M T
Total Phosphorus 0E178 05258 mg/L 2295 169.6/ bz 2E812% |
Print O utput Print Outprt
Summary to Test Summary to .cav Tatal Area Modeled [ac]
Filz File 299673
] Receiving Water Impacts
Total Control Practice Costs Due To Stormwater Runoff
Capital Cost A [CWP Impervious Cover bModel]
Approximate
Lo Col N/ Calculated  Urban Stream
Annual Maintenance Cogst M S R Classification
ertarm utta . -
Prezent W alue of Al Costs B A Flaow Duration Without Controls | 017 | Fair

Annualized Y alue of All Costs P A Curve: Caleulations With Controls | 015 | Fair




Land Uses ] Junctions ] Control Practices

File M arme:
F-480:430M00030036MC alculationz\wW/inS LAk MAPropozed\ PR 5. mdb

PR5 Model Output Summary Outfall Output Summary B
ercen
Runoff Yolume  Percent Runaff - HL;P':!” ‘ Particulate Solidz  Particulate Solids F'artin::_ulate
[cu. ft] Reduction e Cane. (ma/L) ield (lbs] Solids
(Rv] Reduction
Tatal af All Land Uses without Contrals 5.991E+0E 01y 1443 53823
Cutfall Total with Contralz | 4E39E+0F | 22052 | 013 107.8 | 3225 | 41.99%
Current File Dutput: Annualized T atal : ]
After Outfall Cortrals 4 B52E+0R Years in kModel Fun: 1.00 1310
Concen- Concen- Concen- : ; Pollutant ; 2
Pallutant tration - Mo | trabion - With | bration Pﬂ|UtEnt Tield PD".Utant Tield ield Percent \!}E"j
Eiials Gl Unitz | Mo antralz |- With Controls Hiite Reduction
Farticulate Solids 144.9 107.8 mgsL R35823 3225 bz 4199 %
Tatal Phozphorus 06173 0.4345 mg/L 2295 143.2 |bs 3761 %[ |

Frink Dutput Print Cutput
Summary to Text | Summany b oy Tatal Area Modeled [ac]
File File 399 (7R
) Receiving Water Impacts
Total Control Practice Costs Due To Stormwater Runoff
Capital Cost N/ [CwP Impervious Cover Model)
Approsimate
Lebihet LS Calculated  Urban Stream
Annual Maintenance Cost M ST R Clazzification
erfarm Cutta : -
Frezent Walue aof All Costs M ot aton Wafithout Controls | o1y | F air
Annualized Walue of All Costs M2 Curve Calculations With Canbiols | 013 | Fa




Appendix G

Rural Critical Source Area SnapPlus Modeling
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APPENDIX G

Rural Critical Source Area SnapPlus Modeling

11 INTRODUCTION

In order for the City of Lodi to successfully implement Adaptive Management, the City will likely need to
implement a combination of phosphorus reduction strategies throughout the Spring Creek Action Area.
This includes the implementation of agricultural conservation practices on local crop fields and pastures.
Currently, one of the best models for quantifying phosphorus load reductions from the rural landscape is
SnapPlus. SnapPlus (Soil Nutrient Application Planner) is a publically available computer software
program that was developed by researchers at the University of Wisconsin - Madison Department of Soil
Science. The model was specifically created to help agricultural producers, crop consultants, and
regulators develop Nutrient Management Plans in accordance with Wisconsin’s NRCS 590 Nutrient
Management Standard. The purpose of a Nutrient Management Plan is to aid an agricultural producer in
selecting the proper amount, source, placement, form, and timing of nutrient applications on their farm.
The primary goals of Nutrient Management Planning are to optimize the economic return from fertilizer
applications, promote soil conservation, and to protect water quality of nearby water resources.

Nutrient recommendations in SnapPlus are made on a field-by-field basis for N, P,Os, and KO using
recommendations from the University of Wisconsin — Extension Publication A2809. Inputs to SnapPlus
include field slope, soil type, soil sampling results, crop rotations, tillage practices, and manure and
fertilizer applications. SnapPlus uses these inputs and incorporates several models, including the Revised
Soil Loss Equation Version 2 (RUSLE2) and the Wisconsin Phosphorus Index (Pl), to estimate average
annual sediment and phosphorus loadings from crop fields and pastures. Specifically, SnapPlus can be
used to model phosphorus reductions from reduced tillage practices, contour farming, contour strip
cropping, contour buffer strips, edge-of-field filter strips, manure incorporation, cover crops, etc.
Phosphorus reductions for BMPs are estimated using SnapPlus’s “P Trade Report.” The P Trade Report
estimates the annual mass of phosphorus [Ib] which is likely to be transferred from the field to nearby
surface waters. SnapPlus estimates phosphorus losses based a field’s predominant soil type, soil test
phosphorus concentration, crop rotation, tillage, and other nutrient management practices. The model
only estimates losses from sheet and rill erosion. Losses from concentrated flow areas or gully erosion
are not included in the calculations.

1.2 METHODS

For the purposes this report, SnapPlus modeling was performed on only one farm in the Spring Creek
Action Area. This was due to limitations to the project scope and budget. SnapPlus modeling requires a
significant amount of data inputs and is time consuming compared to models which estimate phosphorus
losses at the watershed scale (e.g. STEPL). Since the budget for SnapPlus modeling was limited at this
stage of the project, it was important to select a landowner who owned and operated land which was
representative of other farms in the action area. The farm which was chosen for SnapPlus modeling
included three different tracts which were located in three topographically different areas of the Action
Area. One of the three tracts which was analyzed with SnapPlus was identified as a critical source area
(CSA) of phosphorus using the EVAAL model. The farm included crop fields and pastures which were
believed to be representative of other crop fields and pastures in the watershed. In addition, the
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landowner kept sufficient records of soil test results, nutrient applications, etc. which were needed to
estimate phosphorus load reductions for various BMPs.

Using the P Trade Report in SnapPlus, a series of realistic BMP combinations were modeled for the site to
determine the phosphorus reduction potential for the farm. In order to use the P trade report, it was first
necessary to create a baseline condition to which other BMP scenarios could be compared. To create this
baseline condition, the modeler and farm operator re-created 5 years of past cropping practices and
nutrient applications in SnapPlus. Historical management was then projected five years into the future to
estimate the average annual phosphorus losses which would occur without implementing additional
BMPs on the farm’s cropland. Once the baseline condition was established using the P Trade Report, five
separate BMP scenarios were modeled in SnapPlus:

Scenario #1 — Cover Crops

Scenario #2 — Contour Farming

Scenario #3 — Edge-of-Field Filter Strips

Scenario #4 — Contour Farming & Edge-of-Field Filter Strips
e Scenario #5 — Rotational Grazing

BMPs which were chosen for this analysis were selected and modeled based on the modeler’s perceived
benefit of the BMP for a given field and the landowner’s interest in certain practices. BMPs were not
applied to fields where there was no apparent benefit to the environment or if the landowner was not
interested in the practice. It should be noted that the landowner who operates the farm already
implements several BMPs on the farm, including extensive no-till and occasional cover crops. For this
reason, certain conservation practices (e.g. reduced tillage) were not practical for this site.

1.3 RESULTS

The results of the SnapPlus modeling are shown in Table 1 and Table 2 below. Table 1 summarizes the
farm’s predicted baseline phosphorus loss for the next 5 years (2016-2017). As shown, the farm is
predicted to export a total of 518 Ib/yr of phosphorus to nearby surface waters, if no additional
improvements are made to the farm. Approximately 457 Ib/yr (0.9 Ib/ac/yr) are expected to come from
the landowner’s crop fields, and approximately 61 Ib/yr (0.6 Ib/ac/yr) are expected from pastures.

Table 1: Average Annual Baseline Phosphorus Losses for 2016 - 2020 (assumes no additional BMPs)

Land Use Avg. Phosphorus Loss Avg. Phosphorus Loss
(Ib/yr) (Ib/ac/yr)

Crop Field 457 0.9

Pasture 61 0.6

All Fields 518 0.8

Table 2 summarizes the amount of phosphorus which could be prevented from entering nearby waters if
additional BMPs were implemented. The management strategies which would result in the most
phosphorus reduction for the farm are Scenario #4 (contour farming & edge-of-field filter strips) and
Scenario #5 (rotational grazing). If both of these strategies were implemented, approximately 64 Ib/yr
(53 Ib/yr + 11 Ib/yr = 64 Ib/yr) of phosphorus production could be achieved.
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It is interesting to note that additional implementation of cover crops on the farm actually results in more
phosphorus loss. This result was likely due to an increase in modeled soil loss which was caused by the
soil disturbance from the no-till drill which was used to seed the cover crop. This situation was likely site-
specific and attributable to the landowner’s extensive use of no-till management. Therefore, phosphorus
load reductions may still be achievable in other areas of the watershed by implementing cover crops,
especially if the farm does not incorporate no-till.

Table 2: Average Phosphorus Load Reductions for Each BMP Management Scenario

Avg. Phosphorus Load Avg. Phosphorus Load
Management Scenario Reduction Reduction
(Ib/yr) (Ib/ac/yr)
#1 - Cover Crops -15 -0.1
#2 - Contour Farming 35 0.2
#3 - Edge-of-Field Filter Strip 27 0.2
#4 - Contour Farming & Edge-of-Field Filter Strips 53 0.3
#5 - Rotational Grazing (Pastures) 11 0.1

As shown in Table 2, the projected phosphorus load reductions for all BMP management scenarios are <
0.3 lb/ac/yr. This result was somewhat unexpected. It was expected that much larger phosphorus
reductions could be achieved since the landowner incorporates continuous row crops (corn and soybeans)
on the majority of the farm’s crop fields. The results suggest that the landowner’s implementation of no-
till and appropriate use of cover crops have done a substantial job in preventing phosphorus losses from
the farm. The important take home message is that implementing additional BMPs on lands which are
already operated properly may not result in large phosphorus reductions. Moving forward, it would be in
the City of Lodi’s best interest to specifically target lands in the Spring Creek Action area which do not
implement no-till or cover crops. It is likely that phosphorus reductions of greater than 0.3 Ib/ac/yr can
be realized for CSAs in the Action Area that do not already incorporate these BMPs. For these areas, load
reductions on the order of 1.0 Ib/ac/yr or more may be realized.
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State of Wisconsin )
Department of Natural Resources Watershed Adaptwe Management

Bureau of Watershed Management Request
PO Box 7921, Madison W| 53707-7921 Form 3200-139 (1/12) Page 1 of 3
dnr.wi.gov

Notice: Pursuant to s. NR 217.18, Wis. Adm. Code, this form must be completed and submitted to the Depariment at the time
of the reissuance of an existing WPDES (Wisconsin pollutant discharge elimination system) permit to request adaptive
management for phosphorus water quality based effluent limits (WQBEL).Failure to provide all requested information may result
in denial of your request. Personal information collected will be used for administrative purposes and may be provided to
requestors to the extent required by Wisconsin Open Records law [ss. 19.31-19.39, Wis. Stats.].

Type of Request:

B This is the formal adaptive management request as required in s. NR 217.18(2)
O Thisisa preliminary adaptive management request (to be submitted as part of facility planning.)

Facility and Permit Information

WPDES Pemnit No.

Facility Name 3

City oF Loot WasTewATeR TReATMeNT facuTy | WI-0022918-08-0

Facility Address City State ZIP Code
707 Fap S Lov| WI| 53555

Recsiving Water

SpO I CaeeK - LWI] - Lower

Owner Contact Information

1scomsmy Rver BA@J’A}

Last Name First Name Phone No. (Incl. area code)
Bunr | Kennan 6089-592-324 "7
Street Address FAX Number
120 Sour MAIN STT 608.-592-327 |
City L. oD ! Email address

Facility Information
Provide listed information for each lagoon or pond basin

Required for AM Request Wis. Administrative Conclusion Evidence/Source of
Code Reference information (attach as needed)
1?;,/8 c??t{itlnge . Ite.‘;Stt. s. NR 217.18(2)(b) X" NPS contributes at least 50% H" STeRIC SAMPLAG
of total P contribution
’ [ NPS DOES NOT contribute at | D474, PRES 70 O o T-
least 50% Pur SEE AM PLAN
2. WQBEL Requil’es Fi|trati0n s. NR 2171 8(2)(0) N/F"tration required sﬂ'“é‘ E” T L-' M ‘T
[ Fitration NOT required oF O.075 my [l
3.AM Plan s.NR217.18(2)(d) | B Plan is Included — Page 3
O Pian is NOT Included
For a preliminary adaptive
management request, AM
plan not required

Facility Operation and Performance

1. Current P removal capability — If the facility is currently required by a WPDES permit to monitor effluent phosphorus (P)
provide a summary of the influent and effluent annual average P concentrations for each of the past three (3) years. If
permit required P data is not available, the applicant should provide any other P data that may be applicable and available.
If no data is available, the Department may estimate the P effluent concentration by based on data from other similar
facilities.

=S
sge "City orf Lom Peeumivaty  CompLiAnce AL TernaTIVE

PLAm,” Oc Togek 204



Watershed Adaptive Management

Request
Form 3200-139 (1/12) Page 2 of 3

2. Facility Operation — Provide a summary description of overall facility operation. If not a continuously discharging facility,
describe storage procedures and the time periods when effluent discharge occurs.

“
-See "CiTy oF Loby Precmivary Comlridnce /41725‘/!/(/41/06'! pt.A,u,

Ocrpser Z2O! 4

3. Previous Studies — Reference or attach any facility planning or evaluation study that evaluated facility performance
capabilities (Note — Only include studies that are recent, within 5 years, or otherwise applicable for the evaluation of the

existing facility and current conditigns). . 24
- Serr City oF Lodt ActirndRy ComlllAveE Aurenrwdrives Aeans

(Afpembfc.z:f )) Ocroselk 20117[

Adaptive Management Plan (s. NR 217.18(d))
This section should summarize the Adaptive Management Plan for internal and external review. A complete
Adaptive Management Plan should be attached. Note: If this is a preliminary adaptive management request, this

section is not required.
Watershed NUQ 12 0707 0003020 Percent Contribution of Applicant Discharge

SARING Creek - 30 800 Ackes [ 477 mi ® q,3%, - SEE TABLE 5, SEcTion 3.5

’ o AM PLAN
Action Area (Include map) - PorTron OF [FUQ, V2 -UPSTREAM OF WWT7L OuTFRCe
22,282 jcres, 35mi%  See Froune 1 or AM PLAN

Watershed Characteristics and Timeline Justification SEE TASLE 17
Primaricy AGRICULTYRAL AND MARSH  Fores7, URBAN. o Ay PLaN
Key Proposed Actions

=
HARD PrAcTrc€S(BAN Y ALY |medobement) Fok T CSAg (cons Tedrs)
AQACT‘CGS( BuFFers, NMP, TILLAGE Mop,Frcarievs E”‘C_\ Fon, b Cﬁs(Lﬂ#;m)

Sof T
Key Goals and Measures for Determining Effectiveness —
’ OF WWTE
THEAM € Doww s 7heAM
. STREAM MomTorING UPSTE o o T0ORIe

maTed STOoAM Eve VT
r, so,:-r/’,e,«ac-r/cerr
FirsT PetmiT /ERM
AU w/DANE F

. PoremTiac ComTrovation oOF Aure

o Groal - Bay PeacTice ReducTionr oF 672 ca/veAd
pebpucTion or 341 L8] veAt Br ENd OF

o (soALt | MPLEMENT HAtveS7AsLE BurFeErR- Aol R
COLumasiA (osvnTiES.
* SEE AM PLAN Fol ADD)7/omAL TeTAIL .

Patnerls) S& & CMPTENR 2L oF AM PLAN




Watershed Adaptive Management

Request
Form 3200-139 (1/12) Page 3 of 3

Funding Sources
Ity aoF ¢obl, CoLumaiA /'DAM(': &U“T‘fl TreM, EQIP/ MﬂLfl UsPA ,QCPP) Heiwmre

du/zcer
Adaptive Management Request and Certification

Based on the information provided, | am requesting the Watershed Adaptive Management option to achieve
compliance with phosphorus water quality standards in accordance with s. NR 217.19, Wis. Adm. Code.
I certify that the information provided with this request is true, accurate and complete to the best of my knowledge.

Print or type name of person submilting request* Tile SEMIOR RO TEFT ENGIMEEK,
TatRICK S. Mogrow, P.E. MSA PRoFessiomiL Serucss
Signature of Official Date Signed
A enrin'ta ML« 3-A%-/é

*Must be an Authorized Representalive for the treatment facility



	EXECUTIVE SUMMARY
	CHAPTER 1 – Background
	CHAPTER 2 – Identify Partners
	CHAPTER 3 – Description of the Spring Creek Action Area and Load Reduction Goals
	3.1 The Action Area
	3.2 Characteristics of Spring Creek
	3.3 Existing Phosphorus Data for Spring Creek
	3.4 Determining the Existing Phosphorus Load
	3.5 Load Reduction Target

	CHAPTER 4 – Watershed Inventory
	CHAPTER 5 – Identify where Reductions Will Occur (Critical Source Areas)
	5.1 Rural Critical Source Areas
	5.2 Urban Critical Source Areas

	CHAPTER 6 – Estimate Load Reductions Expected by Permit Term
	6.1 Load Reductions in Rural Areas
	6.2 Load Reductions in Urban Areas

	CHAPTER 7 – Monitoring
	CHAPTER 8 – Financial Security
	CHAPTER 9 – Timing
	REFERENCES
	ACROYMNS
	MAP DATA SOURCES
	LIST OF TABLES
	Table 1: Basic characteristics of the Adaptive Management Action Area.
	Table 2: Spring Creek (receiving water) characteristics and monitoring histor
	Table 3:  Bi-weekly water quality sampling results for Spring Creek, both upstream and downstream of the Lodi Wastewater Treatment Facility outfall.
	Table 4: NR 217 median concentration phosphorus concentrations for samples collected from Spring Creek (collected between May thru November in 2011-2015)
	Table 5: Estimated phosphorus loading and total load reduction requirements.
	Table 6: Soils within the Action Area, with more than 1% coverage by area.
	Table 7: Land use within the Action Area.
	Table 8: Rural Critical Source Areas and potential best management practice s (BMPS).
	Table 9: Alternative Stormwater BMP Cost-Effectiveness
	Table 10: Alternative Stormwater BMP Cost-Effectiveness – Rain Gardens
	Table 11: Timeline and cost estimates for implementation of rural hard practices.
	Table 12: Reductions efficiencies for soft practice BMP combinations derived from STEPL modeling
	Table 13: STEPL data inputs for the HUC 12 Spring Creek Watershed (#070700050204)
	Table 14: Estimated load reductions and costs from soft practices on rural CSAs.
	Table 15: Monitoring locations and phosphorus sampling methodology.
	Table 16: Estimated timing and load reductions within the first three permit terms.
	Table 17: Potential Hard Practice Implementation and Costs
	Table 18: Potential Soft Practice Implementation and Costs

	LIST OF FIGURES
	FIGURE 1 
	FIGURE 2
	FIGURE 3
	FIGURE 4
	FIGURE 5
	FIGURE 6
	FIGURE 7
	FIGURE 8
	FIGURE 9
	FIGURE 10
	FIGURE 11
	FIGURE 12
	FIGURE 13A
	FIGURE 13B
	FIGURE 13C
	FIGURE 13D
	FIGURE 14

	LIST OF APPENDICES
	Appendix A Stream Rating Curve Development 
	Appendix B 
Storm Event Sampling Protocol Downstream of the WWTF outfall and LOADEST  
Modeling 
	Appendix C 
Storm Event Sampling Protocol near the outlet of Lodi Marsh and LOADEST  
Modeling
	Appendix D 
EVAAL for the Lodi Adaptive Management Action Area
	Appendix E 
Spring Creek Watershed Pre & Post BARNY Livestock Assessments 
	Appendix F 
Urban Critical Source Area WinSLAMM Modeling 
	Appendix G 
Rural Critical Source Area SnapPlus Modeling 
	Appendix H 
Form 3200-139 (1/12) – Watershed Adaptive Management Request 


