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EXECUTIVE SUMMARY

This report assesses theonomic feasibility od Water Quality TradingWWQT) program for
total phosphorugTP) andtotal suspended solids (TS8)the Lower Fox River Watershed
(LFRW) of Wisconsin The LFRWhas had an approvdatal Maximum Daily Load (TMDL)
since 2012 This Lower Fox River Basin Water Quality Trading Economic Feasibility
Assessmemso ne el e me n Fox B Tradérojécain rgspanse o this TMDL. The Fox
P Trade Project is beirdjrected by the &a Lakes Commissio(GLC) in cooperation withthe
USDA Natural ResourcgConservation Service (NRCSnd the Wisconsin Department of
Natural Resource$\(I DNR). The analyses supporting this report weompletedby a
consulting team of expertshiavater quality tradinged by Kieser & Associates, LLC
(Kalamazoo, Nthigan andsupported byXCG Consultants Ltd. (Oaille, Ontarig and
Troutman Sanders LLRVashingtorD.C.)d the ProjectTeam

Evaluating he economic feasibility of water quality tradimgthe LFRWinvolved three key

steps:l) assessing demand for water quality credits; 2) assessing supply of credits that could be
generatedby rural nonpoint sourcesind 3)analysis of demand comparedstapplyto identify

key gaps andecommendations to advance trading.

Findings of the analysissuggestedhe potential generation of 95,701 interin{5-year) and
5,019 longterm TP credits (Ibs/yr), and 29,504interim and 10,278 longterm TSS credits
(tonglyr) within the LFRW. Demand for these credits variecbetween wastwater
treatment facilities (WWTFs) and Municipal Separate Stormwater Systems (MS4s).
Estimates ofannual TP credit demand forindividual WWTF sthat may seekto trade
ranged from 357 to 81,863lbs of TP/yr while demand fromall MS4s rangedfrom 369 to
5,968lbs of TP/yr and 39 to 1,973ons of TSS/yr.

The overall potential for TP water quality trading appears low for WWTFsand MS4sdue
to an inadequate suppy of long-term phosphoruscredits within the LFRW. TSSbased
trading by MS4s may be more &vorable due to substantially higher costsassociated with
municipal stormwater treatment compared b muchlower TSScredit costsand a more
adequate supplystemming from rural nonpoint source controls.

Credit Demand

The demand part of thassessmemxamined pollutant loagkductions needed txhievepermit
complianceconsistehwith the 2012 Lower Fox River TMDL fd@1 industrial and municipal
WWTFs andfor 25 permitted MS4s

WWTF phosphorugredit demandvas determined bgxaminingthe difference between current
discharge limis and likely future limits to med&bad reduction requirement#s there were no
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TSS reduction requirements in the 2012 TMIBL WWTFs, the WWTF portion of the demand
analysis focused only gghosphorusTheability to achieveanticipated TRimits with current
technology was a determining factor for assessiatgr quality trading creddemand If a
WWTF could not likely achievaew limits with current treatment capacitywasassumedhat
the facility would pursathe minimum facility upgrade or operational changfest wouldmeet
theWI DNR forecasted permit limits under the TMDIn other wordsthe approach assumed
WWTFs would optimize their operations whenever possible over choosing to upgrade or
expand ther facilities. Study results suggestd that 10 of the 31 actively discharging
WWTF sin the LFRW would still need toimplement some form ofupgrade and would
therefore be potential buyers in aWQT market.

To determine MS4 demantthe differences betweerthe published 2012 MDL current daylrP
andTSSloads andte targetedvasteload allocationserecompared MS4 demandwas
substantial considering projected needs tmeet TMDL allocations for TP and TSS

Credit Supply

The2012TMDL provided only asingleload allocationin each of the 20 HUQ2 subwatersheds
in the LFRWthatencompassdall nonpoint sources includirggricultue and other rural land
uses Thefeasibility study ultimately segregatedthese nonpoint loadsy predominant
sourcesincluding cropland, animal feedingoperations (AFOs), and streambank and gully
erosion Because not all agricultural lamslused for the same purposes, variation in erosion
rates andoad reductionfrom cropland wasnore extensively exmined by crop rotation and
prevailing practiceso better assess potential credit supply

A GIS spatial analysis process was used to assess cropland load reduction potential based
on seven representative crop rotations on predominant soil typesSimilaly, a GIS spatial
analysis was used to estimate load reductions forsfdwell astreanbank and riparian gully
erosion

Ruralnonpoint sourcereditavailability anddistribution within the basiwas determinefbr a

total of40 smallerdrainag areas within th20 HUC-12 basins. This wasecessaryo

accommodatthe WIDNRiApoi nt of water quality standards
specifies tha water quality credits must be generated in the same drainagarea of the

impaired stream and/or river segment For WWTFsinterested in buying credijtthis

expanedthe eligible credit generaiy watersheds withoudreating additionali d o wn st r e a mo
discount factos to generte credits For MS4, this applicationeitherexpanedeligible

watershed acreage for credit generatmmeduced such coverage depending on their location in

the LFRW Thiswas duein partto MS4s havingnumerous stormwater outfalls with some

locatedin smallsubwatershedsith impairmens.
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Comparison of Demand and Supply

Whencredit demanavas compared tsupply(Table E.S.1), overall opportunities for

WWTFs to trade for TP were found to largelyexist only for an interim 5-year window of
agricultural credit availability. Long-term TP credit supply was quite limited compared to
demand. TP supply was similarly limited for MS4s. TSS-based trading appeared tde the
mostrobust trading opportunity in the basin corresponding toMS4 demandand available
supply. The study also identifiedthat credit availability wasparticularly limit edin select
subwatersheds.

Table 0.S-1. Lower Fox River Watershe d pot ent i al credit buyerdés current day dis
and potential credit suppliers estimated generation capacity.

Buyer TP ReductionDemand(lbs TP) TSS Reduction (tons TSS)

All Identified WWTFs 144,399 ==

Ten Facilities Identified with
Short-term Reduction 68,656
Potential Demand -

MS4s 32,805 10,960
Potential For Potential for Potential For Potential For

Credit Interim TP Long-term TP Interim TSS Long-term TSS
Supplier Credits Credits Credits Credits
Cropland 84,306 1,996 12,555 4,265
Streambank & Gully 5,519 1,599 16,949 6,013
AFO 5,876 1,424 - -

Subtotals | 95,701 5,019 29,504 10,278

Individual farms will likely be able to generaténterim credits for aWQT program, and in
some circumstancedpng-term credits, but installation of farm-based conservation

practices alone is not likely to achieve TMDL load reductions for agriculture across all
subwatershedsin the LFRW. Emerging technologies (e.g., manure digesters) or egport
excess manure out tife watershedhoughnot considered in this analysis, may be necessary to
achieve TMDL load reduction targets acrdssentire watershed.

Econamic Analysis

Overall economic fesibility of WQT in the LFRWwasassessed by comparing costs
traditional WWTF treatmenipgradesandrepresentidve urban Best Management Practice
(BMP) applicatios for MS4s with the costs gtiral nonpoint sourceeductions.L ow, medium,
and high estimated costdor WWTP treatment upgrades to meet anticipated TP limits
were estimated at$42, $91 and $400espedively per pound of TP reduction.
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For MS4s,assuming costs fomwet detention pondsto achieveTP and TSS load reduction
requirements, estimated costger pound of phosphorus rarged from $880 to $3,400and
from $3,400 to $13,52@er ton of TSS. It would expecedthat actual costs of TMDL
implementation, and the associated desire to purchase water quality credits, would vary
among individual MS4s based on their unique hydrogeomorphic, financial, and land use
circumstances.

Cost analysis forural nonpointsourceoad reductions consisted of selecting a system of Best
Management PracticéBMPs)to fully addressTMDL reduction needs and thérased on
NRCSpractice standards and payment scheddkgeloping an annual lifeycle cost analys.
Extensive crp rotations applied in the LFRW basin yielded more extensive BMP costs than
other rural practices allowing for computation of a credit cost range of low, medium and high for
cropland credits.TP credit prices (which take into account a trading ratio of>2 to 1 applied

to calculated TP and TSS load reductions) yielded a range from $26 for gully erosion
corrections up to $7,900 for AFO controls. For TSS credits, prices ranged from $14 for

gully erosion up to $1,560 for select crop management practices.

Table E.S.1 providescomparisons of willingness to pay price ranges/NWTFs and MS4s

with rural nonpoint source credit costs for both TP and TSS. Willingness to pay credit prices for
WWTFs assumethat trading wouldheed tgorovide at least a 25% cesdvings ovethe actual
upgradecosts noted above. This 25% assumption was not applM&4aeductionsince these

were often substantially higher than nonpoint source credits such thatgosy margins were

not in play as with WWTFEs

Table 0.S.-2. Annualized unit costs($/credit) for credit buyers and estimated credit costs for supply sources in the Lower
Fox River Watershed.

Buyer TP ReductionDemand(lbs TP) TSS Reduction (tons TSS)

All Identified WWTFs 144,399 -

Ten Facilities Identified with
Short-term Reduction 68,656
Potential Demand -

MS4s 32,805 10,960

Potential For Potential for Potential For Potential For
Credit Interim TP Long-term TP Interim TSS Long-term TSS
Supplier Credits Credits Credits Credits
Cropland 84,306 1,996 12,555 4,265
Streambank & Gully 5,519 1,599 16,949 6,013
AFO 5,876 1,424 - =

95,701 5,019 29,504 10,278

Subtotals

Table E.S2 illustrategshatWQT wasconsiderably more costeffective for WWTFs and
MS4sat higher levels of willingnesgo pay price points for buyers. WWTFs facing
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compliance costs the $91$400 credit range fofP would likely find WQT an attractive
complianceoption, everat the higher end of this price rangehe case for water quality
trading was stronger for MS4s which have a higher estimated willingness to papmpared
to much lower credit costs for bothTP and TSS. Rural creditsources, excludingFOs,were
able to gneratecosteffective creditsn mostcircumstancesThe high cost oAFO credits
(which consider existing requirements for load reductions that in turn, elimindtesgre
suggestedhatthis sourceavasapoor candidate for WQT, even thouigimight be very
beneficial forpollutant load reductions that catherwisehelp achieve water quality goals.

Overallresults of the WQT economideasibility analysis for the LFRW suggesed
reasonable poeéntial for trading between WWTFs, MS4s and rural nonpoint sources.The
analysis identified strong potential for TSSbased tradingby MS4sas reduction
requirement compliance schedules draw near for communities under the 2012 TMDLThe
potential for TP trading that would benefit municipal and industrial WWTFs and MS4
communities was identified, though likely at a more limited scale than TSS trading. TP
credits were identified as coseffective for an interim 5-year timeframe at even at medium
and high price points for WWTF upgrades. However, the ability for rural nonpoint
sources to generate sufficient longerm TP credits to fulfill future WWTF and MS4
demandwas a deeply constraining factor.Eligible credit generating areas wallso be a key
factor for any buyer potentially seeking to tradeselectareaghat havesevere limitations
depending on location in the LFRW.

Findings in this study can be used to frame trading program needs and define broader
considerations in the LRRW. As all trading is fundamentally driven by sipecific
conditions this report should be used as guide for future trading opportunities, not as the
definitive final analysis for any potential buyer or seller contemplating trading in LFRW.
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.  INTRODUCTION

An assessment tiie economic feasibility avater qualitytrading(WQT) in the Lower Fox
River Watershe@LFRW) of Wisconsinwas completed by a Project Team led by Kieser &
Associates, LLC (K&A) (Kalamazoo, Michigan) that included XCG Consultants Ltd. (XCG)
(Oakville, Ontario) and Troutman Sanders LLP (Washington, DThg feasibility study was
one elementof b a r §ox P Trédd’rojecd d i r e c GreatlLakey Comrhission (GLC)
and a Project Management Team (PMThe PMT wasomprised of interested stakeholders
includingthe USDA Natural Resource Conservation Service (NRCS) and the Wisconsin
Department oNatural Resources (MtonsinDNR). This report documentke Project Teard s
analyses, findings and conclusions of the feasitslitgyfor the GLC and PMT.

The GLC and multiple stakeholddraveenvisioredaWQT program in the LFRWhat will

assist wih costeffectively reducing total phosphorus (TP) and total suspeswlets(TSS)
loading to address associated water quality impairments. The progudaincorporate both
point sources and nonpoint sources that contribute to loading in the watdpPsheidsources
included in thereasibility evaluation were both municipal and industrial wastewater treatment
facilities (WWTFs) and permitted municipal separate storm sewer systems (MBéspoint
sourcexonsideredn the evaluation wereuinoff from croplandandanimal feeding operations
(AFOs),as well astreambanland riparian gullyerosion.

To determine the economic feasibility of trading in the LFRW Rtwect Teanestimatedhe
potential credilemand and suppfgr TP and TS$h the watershedThe assessment focused on
the amount of WWTF reductions needed to safistiyre permit compliance needsr TP along

with thecost of traditionaéndof-pipetreatment compared tvailable supply andoss of

nonpoint sourceredits available at the HJ12 watershed scald-or MS4s, demand and
associated costs were estimated for both TP and TSS and then also compared to the nonpoint
source credit supply.

An essential art of ths assessmentas to determineligible credit source by subwatersheds.
This determination incorporated several consideratidmsh form the basis for all credit
demand and supply considerations applied her&hre first eligibilityconsideratiorwasfrom
theWisconsin DNR If the trade was for a listed water quality param{gjeeligibleWQT
subwatershed®quireddelineaton to identify available creditfor dischargers withimmpaired
segmentsbovethe point of standards applicatiofhis is based oBection 2.10.1 of the
Wisconsin Water Quality Trading Guidan@&isconsn DNR, 2013awhich states:

ATrades may occur both upstream and downst
point provided that the potential for localized water quality standard exceedances

is adequately addressed. The ultimate extent of the area aviilaioéaling is

Il i mited to the drainage area contributing

1| Lower Fox River Basin Water Quality Trading Economic Feasibility Assessment



With an impaired segment approach, many WWTFs and M@t buyersvould have a

Abuiind downstream tr ade pgnaltyfa dowristeeansellersaslongn o t r ac
as those sellers also discharge into the same impaired stream selgnagiakition,buyers

discharging directly int@reen Baycould purchase credits fromvithin the entire watershed o

Duck Creek and other tributaries that drain to the bay, dsawelpstream on tHewer Fox

mainstenmwith no downstream trade ratio penalty

Based on these directives anterpretation of Wisconsin DNR trading guidareethis
feasibility assessmerthe following eligibility conditions werapplied forthis analgis

1 A spatial analysisub-divided the 20 HUG12 watersheds in the LFRW into smaller sub
HUC-12 subwatersheds based on impaired waters point of standards application.
Thesesubdivisiors resulted in 40 sublUC-12 subwatersheds.

1 Buyers discharging intan impaired reach must purchase credits from the contributing
area to the point of standards application used in the 303(d) listing process.

1 Forpoint sourceslischarging directly into Green Bay, the entire LFRW is considered
creditsource eligible arelecause the bay itself is impaired and considered an end point
of an impaired water body.

91 Purchasing credits from downstream sources located in a differentll2l$Gbwatershed
wasnot considered.

Theresults of the economic assessment of WQT in the LFR¥édon these considerations are
presented in the following sections of this report:

1 Demand Assessment (for both WWTFs and MS4s)

1 Supply Assessmeifior agriculture, WWTFs and other potential opportunities)
1 Comparison of Demand and Supply
1 ConclusionandRecommendations

Each section for the demand and sugdyessmentacludes an overview of various
considerations used, a description of the analysis, methods used and results.

2 | Lower Fox River Basin Water Quality Trading Economic Feasibility Assessment



[I.  DEMAND ASSESSMENT

Calculating the potential demand for WQT credits in the LFRffenéd on the anticipated
reduction requirementaced by permitted dischargers and ltheation offacilities seeking
credits. Potential credit demarfdr WWTFs and MS4s was derived fraire approved2012
Total Maximum Daily Loadand Watershed ManagentdPlan for Total Phosphorus and Total
Suspended Solids in the Lower Fox River Basin and GreerstBdy(Wisconsin DNR, 2012)
This 2012 TMDLO alsoassigned substantial reductions dtineranthropogenic sources of TP
and TSSoading within the watersladgfor example, agricultuge see Supply Assessment
section)

For the WWTF demand assessmeletnand was determined by the difference between current
discharge limits and likely future limits to meet TMDL load reduction requirenientsP.
WisconsinDNR supplied théProject Teanwith potentialwater quality based effluent limits

(WQBELSY9) as well adDischarge Monitoring Repo(DMR) summaries from 2B to 2013n

these regardsin addition, WisconsibNR permit fact sheetsvhenavailable)served ashe

primary basis for assessing current treatment technologies being usedasitifeom which

future treatment upgrades would be needed to address potential WQBELs. These upgrades were
used in turn, to assess potential WWTF compliance .costs

Thedifference between current estimated loadthe 2012 TMDLand corresponding targeted
load reductiorgoalsfor TP and TSSvere usedor determining MS4 credit demandExisting
local and regional implementation datad cost$or wet detention pondsere used athe sole
means to achievargetedoad reductions This approach washosenn the absence décal
dataon other stormwater treatment options.

At the direction of the Wisconsin DNhe WQTdemandanalyss for WWTFs and MS4svere

based on the currenetitment capability and historic loadings without assessing full-buiid
conditionsin the basin This adjustment to the project scope was made due to the limited amount
of growthandthe actual industrial closings that occurred during the last fiterig/ears.In
addition,this approach assumed WWTFs would choose to optimizedineegntoperations over
choosing to upgrade or expand their facilities. Optatiden providesa greater opportunity for
residual demand for load reductions thatild be net with water quality trading whereas major
upgrades or facility expansions would likely eliminate the need for water quality tradling.
compl et e fAf ut uaseneed tdeatifyy titure comdiian foeach TP and TSS
contributor For exampe, it is not possible to predietn i ndustr i amark&tWTF&6s f ut
viability in the context of current and recemtlustrial trends in the basinThis type of

assessmeris thuscomplicated by the need torecastmany differenimarketconditiors to

estimate futurgoroductiongoak. Such was not possible in the limited scope and budget of this
assessment.

3 | Lower Fox River Basin Water Quality Trading Economic Feasibility Assessment



Of the 2012 TMDL listed and new industrial and municipal WWTFs in the 20-H2C
subwatersheds of the LFR\®0 industrial and 13 municipal facilitiesere initially considered in
thisevaluation. These facilities asbown inFigurell-1. Forthe 20 LFRW HUG12s, these
were further subdivided into a total of 40 sHIYC-12 catchments teecognize impaired waters
and corresponding impacts on demand supgplyfor these WWTFs

Dead Horse Bay-Frontal Green Bay
{ )

rontal Greep Bay _ .
L Point duSable-Frontal Green Bay

O
Oneida Creek 0
_ Baird\Cregk
CHEPERE DA
Diitohred &DEPERE DAM
‘Middle Duck Creek/” (reen fay-Fox3iver
4 e iverBower Greek
| Upper Quck Creek Ashwaubenon Cleek Loweg East River
O
Apple Creek O >
7 N
O (0]
W E
. Opper East River
ud Creek PLE APPLETON S
arners Cregk-Fox River
4 2 0 4 Miles
Rakepat O - O —

'~

),
Little Lake Butte des Mortes (@)

Major Upgrade, WQT Potential
Minor Upgrades, WQT Potential

Optimization Study Recommended

(OO BN J

Current Treatment Adequate

Figure 1l -1. New and existing industrial and municipal WWTFs in the 20 HUC-12 watersheds of th&.FRW reflecting
potential status with future TMDL compliance, the need for upgradesand WQT potential.

Permitted MS4&xamined in this analys&e required to achiey#hosphous reductios of 30
percent except for the MS4s discharging to Garners Creek (63.1 percent) and Mud Creek (39
percent)per the 2012 TMDL In addition, MS4s are required to provide TSS reductions that
range from28.5 to 65.2 percemif current loads.
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Overview of AssessmenMethods for WQT Demand

The first step in th®VQT demandanalysis was to gather available information from the
WisconsinDNR regardingcurrentloadingconditionsfor potential credit buye@WWTF and
MS4s) as well agreatment capabilitieandcosts (where available)nformation collected was
used to assess potential credit demand by comparing current loading to themeducti
requirements described in the 2012 TMiok permitted dischargersaiVhere information was
not directly available for dischargetseatmentostsfor the required reductionsereestimated
Unit costs for TP and TSS treatment wirenused to assesshwther the permitted entities
might seek to purchase WQT credits in order to partially or fully meet new compliance
requirementdvased on cost savings with tradingor WWTFs, comparable costs would be for
upgrading treahentcapabilitiesfor TP, while for MS4s hesewould befor installing wet
detention basin® treat TP and TSS

XCG led theProject Teanassessment of potential demand by estimahiagurrent effluent
concentration requiremenasd associated phosphorus loading reductions for WWiaga on
preliminary WQBEL mass limits provided by WI DNRMaximum potential credit demand for
WWTFswas estimated bgpplyingWQBEL effluentmasdimits provided byWI DNR, and
thencalculatingestimatel maximum phosphorus load reductsdhat mightpossiblyresult ina
credit purchase (Wisconsin DNR, 2013a) (Wisconsin DNR, 2013b) (Wisconsin DNR, 2013c).

Methods used to establish M&dit demandvere based on derivirgperacre unit loading
appliedfor TP and TSS based t¢ime 2012 TMDL To estimate théaseline loading for the 40
subwatershedshe analysis applied the unit loaditcorporatednunicipalfootprints(where
these were readily available for GIS mappingyhen incorporated footprints were meadily
available estimates were derived frotime 2012 TMDLwaste load allocation and MS4 acreage
information

WWT F Demand Assessment

The potential demand from WWTFs was estimated by assessing whether the facility would
likely need to upgrade its treatment technology in order to meet the 2012 TadDL
requiremenfor TP along withthe expected upgrade co®lo potential demand for TS8as
considereds the 2012 TMDL did not require TSS reductions for WWTHsis evaluation
considered the size of the facility, current technology, and level of fregduetion required. If
additional technology was deemed necessaryRtbgct Teanestimated the expected cost of
implementing the upgcee.

11t should be noted that Wisconsin passed a new rule allowing up tyea2@ariance from the phosphorus rule for
entities that can satisfactorily demonstrate the rule causes severe economic h28dshifyISCONSN ACT 378
enacted April 23, 2014). The method for application of this rule will be determined by WI DNR and US EPA.
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In order to conduct this analysis, specific information was requested/ftiodNR andother
entities in the watered Information received regarding existing WWTF operations from the
Wisconsin DNR included:

Existing level of treatment

Current permit capacity (MGD)

Historic facility data (2002013

Mass limit averaging period

WQBEL monthly average Tihasseffluent imit
1 WQBEL 6-month average Thasseffluent limit

= =4 4 -4 A

In addition to theNV| DNR data request, WWTF information also was collectecdcbpducting
an online survey via SurveyMonke”; holding a webinar to seek input from facility
representativesand hosting am-person meeting to facilitate discussions with facility
representatives.

WWTF Mass Reduction Determination

Data collection methods providedly limited facility-specific data and consequently, general
assumptions were made regarding facility optirtizg upgrades and associated co3ise

Discharge Monitoring Report summaries from 2008 to 2013 were evaluated to estimate the
maximum amount gbotential phosphorugductions requiretbr WWTFs The potential

maximum loading reduction requirements &dfiacility were estimated by selecting the

maximum average annual discharge from any of the years and combining that with the maximum
average annual concentration from any of the yeBlings approach provides a potential highest

case credit demarstenaio by usingthetwo maximumsevenfrom different years.

Thesesummary data ere thercompared to the preliminaryanthly and/or émonth average
effluent WQBELSs for TRorovided byWl DNR. An indicator ofpotentialtrading demand was
considered to existere the annudbading based oWQBEL daily valueswvas lower than the
calculated maximum potential effluent TP loadifthe 2012 TMDL wasteload allocations are
calculated assuming full utilization of the hydraulic design capacity. Therefore, it da@ be t
case where current float a WWTFallows for higher concentrations ©P until there is an
increase is flow.

For facilitieswith an indication opotential tradinglemand target effluentoncentrationand
capital costs were estimated for achievingsthlimitswhere sufficient data @reprovided
Complianceconcentratiorestimats were based on the 2008 2013average discharge flow
summaries.Theseeffluentloading projectionsit historic flows wer¢hencompared to the
historictreatmenperformance to determine if angdditionalreduction in effluent TP would be
required.
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If reductions werdikely, t he facilityds existingnyl evel of
additional work required for the plant to meet the effluent TP limits was assdtgaed.

assumed that secondary treatment facilities could achieve effluent TP concentrations of 0.3 mg/L
through chemical addition and optimization. In addition, it was assumed that a facility could
achieve effluent TP concentrations of 0.1 mg/L throeghary granular filtration. Membrane
ultrafiltration was assumed to be a reasonable Limit of Technology for phosphorus removal and
could reliably achieve an effluent TP of 0.07 mg/L on an annual basis.

Currently the lowest effluent TP limit issued by BNR is 0.075 mg/L.It was assumed that

effluent TP of less than 0.07 mg/L cannot be achieved through uggradeo n e . I f a fac
level of treatment appeared to be sufficient to meet the target effluent TP limit, then an

Optimization Study was recanmended. Thesare consideredeneral guidelines arttius,the

capabilities of each facility might differ based on the age of equipment, plant configuration,
wastewater characteristics, and other factdise costs estimates generated by this metverd

one half to one fifth the cost estimates for full upgrades as indicated by WI DNR staff

WWTF Reduction Analysis Results
The31 actively dischargingVWTFslocated in the LFRWeviewed in this analysire
presentedn Tablell-1.

Table Il -1. Industrial and municipal WWTF sand associatedVPDES permit numbers evaluated in the study.

Industrial Municipal
WPDES WPDES
Facility Name Permit Facility Name Permit
Exopack - Menasha 0026999 Appleton 0023221
Appleton Coated - Combined Locks 0000990 De Pere - GBMSD 0023787
Grand Chute - Menasha
Georgia Pacific Consumer Products LP 0001848 West 0024686
Georgia Pacific Consumer Products LP - Day St. 0001261 Green Bay MSD 0020991
Cellu Tissue - Neenah 0000680 Heart of the Valley 0031232
Town of Holland SD #1
Kimberly Clark - NP/BG 0037842 001 0028207
Procter & Gamble 0001031 Neenah - Menasha 0026085
Thilmany LLC - Kaukauna 0000825 Wrightstown 0022497

2 person communication with J. Baumann, December 1, 2014
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SCA Tissue North America 0037389 Wrightstown SD#1 0022438
Belgioioso Cheese - Sherwood 0027201 Forest Junction 0032123
Schroeder's Greenhouse 0046248 Wrightstown SD#2 0022357
Galloway Company 0027553 Sherwood 0031127
Fox Energy LLC 0061891 Freedom SD #1 0020842
Menasha Electric & Water 101 0027707
Wisconsin Public Service - Pulliam 101 0000965
Arla Foods LLC- Holland 0027197
Green Bay Packaging 0000973
Provimi Foods - Seymour 0026999

Tablell-2 identifies the industrial and municipal WWTB6those in Table L thatmaylikely
need to consider trading and/or upgrades using the maximum loading indicator for potential
demand.The values listed iffablell-2 illustrate sizeable demand when considering-year
year variability in both flows and concentrations. The maxmtoading indicator was not used
in later analyssin this reportdue toaWI DNR request to focus on existing floasdescribed
above Howeverthe information presented rablell-2 wasconsidered relevant in the event
these WWTF entities should fageowth pressures in thearfuture.

Table Il -2. WWTFs indicated to have potential trading demand under maximum loading conditions from 2008 to 2013.

Industrial Municipal
Maximum Potential Maximum Potential
Reduction Demand* Reduction Demand
Facility Name (Ibs TP/yr) Facility Name (Ibs TP/yr)

Appleton Coated -
Combined Locks 7,145 Appleton 17,202
Georgia Pacific
Consumer Products LP 10,969 De Pere - GBMSD 679

Grand Chute - Menasha

Cellu Tissue - Neenah 330 West 7,240
Kimberly Clark - NP/BG 428 Green Bay MSD 38,639
Procter & Gamble 932 Heart of the Valley 1968
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Thilmany LLC - Town of Holland SD #1

Kaukauna 21,928 001 21

SCA Tissue North

America 001/007 7,219 Neenah - Menasha 13,629

Belgioioso Cheese -

Sherwood 1,216 Wrightstown 167

Wisconsin Public

Service - Pulliam 101 212 Wrightstown SD#1 585

Provimi Foods -

Seymour 40 Forest Junction 176
Wrightstown SD#2 5
Freedom SD #1 285

*Note maximum flow and maximum concentrationsdusedetermine this value may have occurred in different
years.

Tablesll-3a andI-3bidentify thelndustrial and Municipal WWTF concentration goahd
target reductiosifor 14 facilities that will needb likely meet the WI DNR preliminary WQBEL
mass Imit applicationswith treatment upgrades

Table 1l-3a. Estimated reduction values forIndustrial WWTFs not currently achieving the WI DNR preliminary
WQBELS.

INDUSTRIES
Applied
6-month
Average WQBEL Based Potentially
WQBEL Concentration Achievable
and/or Equivalent at Through Reduction
Monthly Historic Flows Reduction Optimization Needed
Facility WQBEL (mg/L TP) Percent Alone? (Ibs TP/yr)
Appleton
Monthly
Coated -
0,
Combined 0.28 38% No 2,870
Locks
Georgia
Pacific Monthly/6- 0
Consumer Month 0.23 12% No 1,053
Products LP
Procter & Monthly/6- 0.02 4% No 357
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Gamble

Month

Thilmany LLC
- Kaukauna

Monthly

0.24

52%

No

14,896

SCA Tissue
North America
001/007

Monthly

0.26

38%

No

2,887

Belgioioso
Cheesei
Sherwood

Monthly

0.39

66%

Yes

357

Table Il -3b. Estimated reduction values for Municipal WWTFs not currently achieving the Wl DNR preliminary

WQBELs.
MUNICIPALITIES
Applied
6-month WQBEL
Average Based Potentially
WQBEL Concentration Achievable
and/or Equivalent at Through Reduction
Monthly Historic Flows Reduction Optimization Needed
Facility WQBEL (mg/L TP) Percent Alone? (Ibs. TP/yr)
Monthly/6- 0
Appleton Month 0.23 63% No 14,282
Grand Chute - Monthly/6- 0
Menasha West Month 0.18 S4% No 4,161
Green Bay Monthly/6- 0
MSD Month 0.22 49% No 18,863
Heart of the Monthly/6- 0
Valley Month 0.25 18% No 869
Neenah - Monthly/6- 0
Menasha Month 0.22 54% No 8,416
. Monthly/6- 0
Wrightstown Month 0.43 12% Yes 37
Wrightstown 0
SD#1 Monthly 1.42 47% Yes 240
Forest Monthly/6- 0
Junction Month 2.33 36% ves &
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WWTFE Cost of Reduction Assessment Methods

A total cost evaluation was completed for those WWTFs required to reduce phosphorus loading

to comply with the permit requirement. The incremental capistsateveloped for the addition

of granul ar media filters were based on compa
costs for upgrades to other facilities over a range of floli® results of these analyses were

organized into tables and maps

rdin h int of standar . .
according to the point of standards Incremental capital costs developedtfee addition

application for 303(d) listed waters of granular media filters were basedaymparison

and maps are presented in the upgrades to other facilities over a range of flows,
Comparison of Demand and Supplyf| and included allowances only for the following:

section of this documeit.

Filter mechanism and media

An allowance of 40 percent was Filter building construction/expansion
includedin these estimatesgs inset Process piping modifications

for explanation) The costs for Yard piping

Optimization Studies were based o Electrical/SCADA modifications and

the complexity of the existing upgrades

treatment system, size of the facility ,
An allowance of 40 percent was included to cove

and experience conductin 4 . . . i
P g costs associated with engineering, mobilization,

th|m|zat|on Stg@es. Tsedid not demobilization, contractor overheaahd other
include any additional assessmentsir miscellaneous construction costs.

field studies recommended through
the Optimization Study. The costs to

upgrade a secondary treatment facility to a tertiary facility with granular media filtration were
based on a typical per capita flow of 455 L/cap/d (120 Gal/cap/d), Harmon Peak Factbe, and t
costs developed for the Review of Phosphorus Removal at Municipal Sewage Treatment Plants
Discharging to the Lake Simcoe Watershed (XCG, 2010). Furthersdstéile methods used

this particular assessment arevided in Appendix A.

WWTF Cost of Reduction Results

The capital and O&M cost estimates based on the methods desalribesivere calculated for
the 14 facilities requiring further reductions at current loading to comply with the preliminary
WQBELSs for TP(from Tables [#3a and b) Four ofthese facilities were determinedlikkely be
able to comply with reduction requirements by completing an Optimization Study and
implementingelatedfindings. Table H4 thereforepresents the potential WWTF costs
associated with the WQBEL current cotml assessment
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Table Il -4. Estimatedcapital and O&M costs, or optimization study costs fo\WWTFs not currently achieving the WI

DNR preliminary WQBELSs .

Reduction Additional
Needed Estimated Upgrade | Estimated O&M
Facility (Ibs TP/yr) Cost (Millions) (Thousands)
Industries
Appleton Coated -
Combined Locks 2,870 $3.40 $18
Georgia Pacific
Consumer Products LP 1,053 $5.48 $28
Procter & Gamble* 357
Thilmany LLC - 14,896 $8.25 $42
Kaukauna
SCA Tissue North
America 001/007 2,887 $2.16 $13
Belgioioso Cheese - N
Sherwood 357 $50K Optimization Study
Municipalities
Appleton 14,282 $5.94 $30
Grand Chute -
Menasha West 4,161 $3.74 $20
Green Bay MSD 18,863 $11.75 $61
Heart of the Valley 869 $3.25 $17
Neenah - Menasha 8,416 $5.45 $27
Wrightstown 37 $50K Optimization Study
Wrightstown SD#1 240 $25K Optimization Study
Forest Junction 79 $25K Optimization Study

*Proctor & Gamble was determined hot be able to complysingthis type of upgrade alone

Using the information iTablell-4, a rang€(i.e., low, medium and high pricingf annualized
upgradeunit costsexpressed a&/lb TP were developeds the first step to illustrate a probable
WWTF willingness to pagcenaridor nonpoint sourcereditsvia trading The annualized cts
computed for WWTFss the lifecycle cost (LCC) methotecommendely theUS Department
of Energy,NIST Hardbook 135(1995) This methodis required bythe Federdife-cycle
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requirements in th€ode of Federal RegulationE0 CFR 436, Subpart A[1] fétederakenergy
and water conservation projectBhe LCCmethodprovidesthe total cost of owning, operating,
maintaining andeplacing the systemwver thelife of the project. All costs are discounted to
reflect the timevalue of money.TheDepartment of EnergfDOE) publication forinflation
factors and nominal discount factessised Thebase date for thgear 2014 was select¢al
reflect both the latest pubhedDOE values(June 2013andagriculturalprojectpayment
schedulesised in the supply analysis

In order to compare WWTF upgrade costs with agricultural treatment measures apsojalzr
life must be established for each source. The projectfléeWWTF upgrade was considered to
be 20 years. ¢t agricultural and rural projectidcost isbased on th2014 NRCS
Environmental Quality Incentive Program (EQIP) payment sched@leural nonpoint source
conservatiorprojectcanhaveal, 10, 15or 20-yearproject life. These project lives can be
extended to match the WWTF upgrade expected Tifeereforethe projectlife periodselected
for compamg agricultural projects with WWTF upgradeas 20years. The annualized values
are based on crant dollarmethod which appsa 3.30% inflation rate and a nominal discount
rate of 6.0 percentThe nominal discount factor is inclusive of inflation and allowsdthesion
makerto compare costs that occur in different ydargaking into accountie timevalue of
money The decisionmakercan therbeindifferent tocash amountsnteredat different points in
time. For instance, using a 5 percent discount rate, a $100 dollar investment today reflects a $78
sum five years from now due to the thwalue of money.In this way projects with expenses
occurring indifferentyearscan be compared

ForWWTFs, annualizedupgrade costwerebased on annualizexpitalandO&M costs with
thelife of theupgradeassumed to be 20 yealdext, from the lig of facilities potentially facing
upgradesthe annualized unit costsere determinety dividing the annual cost by the number

of TP pounds required to be removdeom this working list, three unit treatment costs were
selected and used to create & gost range of low, medium and higflhe annualized cost for
upgrades can be high and still generate a low upgrade unit cost when the amount of TP that is
treated by the upgrade is substanti&inally, the unit cost estimater upgrades areeduce®5
percento recognize that credit buyers will likely want to pay less for credits than for upgrades
due to uncertainties and the novelty of water quality tradirahlell-5 presentphosphorusinit
price points and willingness to pay price pointhesevaluesareused in theComparison of
Demand and Supplsection of this report for a discussion of potential trading opportunities.
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Table Il -5. Evaluation of WWTF annualized unit costs to determine aange of probable credit prices.

Unit Cost for Trading Cfe‘?"t _
. Upgrade Purcha§e Price AnnuaI!zed Cost
Unit Cost (assuming 256 Applied for
Range ($/Ib TP) below unit cost) Upgrades
Low $42 $32 $630,000
Medium $91 $68 $261,000
High $400 $300 $418,000

! Annualizediife-cycle cost methods based oarrent dollar analysis using a-8ar life of project, 3.30 percent
inflation rate and a 6 percent nominal discount factor

MS4 Demand Assessment

Potential TP and TSSreditdemand from MSg was estimated by asseg) the need for

additional stormwater treatmead related coste meet 2012 TMDIload reduction goals

This evaluation considered the size of the MS4 footprint, current stormwater best management
practices (BMPsand level oinecessarjuture reducons. If additional BMPs were deemed
necessary, theroject Teanestimated the expected cbstsed on implementing wet detention
basins Although communities are expected to use a variety of BMBtdetention ponds are
considered to be useful surrogaiteshis study. Wet detention basins are familiar to most
communities and are typically cesffective. Where space is availaltleey can be integrated

into existing systems tprovide multiple benefits (e.gautrient and sediment removal, hydraulic
buffering).

In order to conduct this analyslecal regional stormwater implementatimfiormation was
requested fromVI DNR andotherentities in the watershedn addition theProject Team
gathered additional information by hosting arperson medtg to facilitate discussions with
MS4 representativesSuch information and feedback was quite limited and therefore, certain
assumptions were made for the analysis as outlined in the following section.

MS4 Mass Reduction Determination

U. S. HErRlAater Quality Trading PolictEPA, 2003)states that tradingpust be

consistent with Clean Water Act provisions and applicable water quality standardatisfy

this policy, WI DNR guidancefor an MS4 discharging into an impaired waterboektrict

credit generatioro locationswithin the same subwatershegea This area islefined by the
water qualitypoint of standards applicati@nd its upstream contributing areas so the total
pollutant load to the receiving water is not increadgecause an gividual MS4 often spans
more than one HUQ2 watershed, and a HUT2 often has more than one impaired waterbody,
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it wasthereforenecessary to delineate the HU@ watersheds into smaller subwatersheatsed
on theimpaired waterbody. To accomplishgtthe following steps weraken

1) HUC-12watershed boundaries, stream lines, and water bodies were extracted from
the U.S. Geological Survey (USGS) National Hydrography Dataset (NHD) high
resolution geadatabase

2) The 2014 Wisconsin DNR 303(d) impaired stresegments coverage was obtained
from the Wisconsin DNR website

3) All spatial layers were overlaiogether, and the HUC2 watershedsvere delineated
into smaller sukwatershed$or each of the impaired stream segments in the LFRW
by. a)drawing a line arond existing upstrearnibutariesand waterbodies)
connectinghisto the upper end of the impaired stream segmentg)atidssing the
existing HUG12 boundaries at a right angle

A total of 40 sukHUC-12 watersheds resulted from this delineation pmcdfese

subwatersheds provided the geographic basis for the MS4 demand aaradigsis presenteih
Figurell-2.

To estimate potential credit demand, it was assumed that MS4 boundaries coincided with the city
limits/boundaries. The U.S. Census Plac#ty poundaries) coverage from the 2014

Topologically Integrated Geographic Encoding and Referencing (TIGER) mdpagtsovas

used to delineate thespecial limits. However, six cities and all towns were missing from this
coverage. Two methods were usedietermine the boundaries and areas for these missing

MS4s including:

1) Urban area coverage (urban areas and clusters containing at least 2,500 people) from the
TIGER dataset was used after areas of known cities were extracted and omitted; the
resulting overage was then compared to the positions of the cities and towns shown on
Google Maps and distributed to these cities and towns

2) Corporate limits for the towns of Neenah, Menasha and Greenville, as well as the city of
Grand Chute, were manually digitizbdsed on the Census roads coverage and zoning
maps obtained from the citiesd websites

The MS4 areas then wedgstributed into the subHUC-12 watersheds.

Following the GIS processing and analysis, some differences remained between the 2012 TMDL
subwaterseds and the suHUC 12s in select areas. For Lawrence, there was no GIS coverage

of the city limits. The city area in the lower end of the Apple Creek subwatershed (as indicated
in the 2012 TMDL) was determined using the associated 2012 TMDL baselifié torxd TSS

loads in this subwatershed to baxMculate acreage of the Lawrence footprint.

15 | Lower Fox River Basin Water Quality Trading Economic Feasibility Assessment



303(d) Listed Waters in the Lower Fox River Watershed

o

4 Miles

Waterbody, Assessment Unit Green Bay (Gl Shoreline), 483034 ~~~~ Streams (unimpaired)
/ Apple Creek, 10839 ~"~~— Kankapot Creek, 10844 @® De Pere Dam
Apple Creek, 313933 ~n—— Kankapot Creek, 357763 @ Middle Appleton Dam
~~~~— Ashwaubenon Creek, 10834 Lower Fox River (Upper), 357364 Sub HUC 12s
~"~~— Baird Creek, 10681 Lower Fox River (Middle), 357301 HUC 12s
~N~~ Baird Creek, 10682 ~"~~— Lower Fox River (Lower), 10678
~~~~— Bower Creek, 10683 Mud Creek, 10846
~"~~ Bower Creek, 10684 Mud Creek, 10847
Duck Creek, 10850 ~~~~— Neenah Slough, 10848
Duck Creek, 10851 Neenah Slough, 357915
~~~ Dutchman Creek, 10832 Neenah Slough, 357955
~"~ Dutchman Creek, 1854741 Plum Creek, 10841
.~ East River, 10679 ~"~ Plum Creek, 357670
~n~~— East River, 10680 Plum Creek, 357719

Garners Creek, 10845

Figure 11-2. The 40 subHUC-12 watershed delineations to address 303(d) listed waters and approved TMDL paraf

standards application.

To obtain current loads of TP and TSS from the MS4 area20tZTMDL document was used

to derive the acrfgear TP and TSS loading with the total MS4 acreage and total loadings from
each HUG12 (or the corresponding TMDL subteashed). For Ashwaubenon, Dutchman, and
Duck Creek watersheds, some MS4 areas were located in the Oneida Reservation. The TMDL
had different loading rates for the reservation andneservation MS4 areas in these HUEZ
equivalent watersheds. Area geied average loadings weheereforeused in these watersheds,
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except for Ashwaubenon, where the city of Hobart was the only MS4 partially located in the
reservation. The TMDL | oading rates for Ashw
Hobart anl the norreservation rate was used for the remaining MS4 areas.

After the MS4 footprint and loading rates were determined, TP and TSS loads from the MS4
footprint in each of the sub HUC2 watersheds were calculated as the product of the area and
loadingrates. The analysis considered 86 M8icharge areawith a total land area of 163,593
acres. The total TP load was 101,792 pounds/year, with a TP load reduction goal based on the
2012TMDL of 32,805 pounds/year (32.3% reductiameross the entire LFRW The total TSS

load was 46,907 tons/year, with a TSS load reduction goal based 201&EMDL of 21,920
tons/year (47.6% reductiacross the entire LFRW

The resulting data were organized into tables and nogpesent MS4 results of th® sub
HUC-12sto meet the 2012 TMDrequirements for TP andSS These tables are presented in
theMS4 Demand Analysis Resuler in thissection.

MS4 Cost of Reduction Assessment Methods

A total cost evaluatiowas completed fahoseMS4s required to reduce pshorus loading in
order to comply with the TMDLThe selected loateduction technology for stormwater was
retention ponds installed within existing urban areas (e.g., existing residential neighborhoods,
commercial areas, etc.). Generally, it was assutinese ponds would be constructed within
available open parkland or gregmace to provide treatment for existing stormwater outfalls.
This was a default condition as only limited data were provided Bribject Teanby MS4s,

their representatives others for alternative optiorte be considered in this analysiEhis

default approach was considered reasonable ghagrother potential alternatisgield highly
variable efficiencies and costeadhave not yet been widely proposed in the basin.

Thestormwater cost analysis incorporated several assumpticosling

1T Retention ponds would be designed as | ands
pools)

1 Excavation/grading requirements and land area requirements for stormwater management
facilities werebased on assumptions regarding typical depth, length/width ratio,
sideslopes and perimeter maintenance bsiffer

1 Sizing was based on modeling results developed in the 1990s by the Ontario Ministry of
Environment (MOE) using stormwater settleability daten the US EPA NURP stuels

1 Pond sizing guidelines were used for achieving 80% TSS load reductions. For catchment
area with 35% imperviousness, the guideline was a treatment volume of 2%/&aeft
(equaling0.74 inches of runoff)

1 It wasassumedhatretention ponds would provide 50% TP load reductions based on data
presented in the International Stormwater BMP Database July 2012 technical report
(Geosyntec, 2012 The reporindicates themedian and 7&percentile valuearearound

17 | Lower Fox River Basin Water Quality Trading Economic Feasibility Assessment



60% The conservi@ve assumption of 50% TP reduction was selected in recognition of
the many challenges associated with retrofitting urban BMPs in already developed areas.

These assumptions compared favorably withtHeONR wet detention pongractice standard
(1001) andhe one community stormwater implementation report providéte results aralso
within the range of findings provided insammarysheetof 35wet detention porgicompiled by
the WI DNR for the LFRW The summary list of wet detention ponds includmht sites with
modeling results for treatment performan&ichsummary informatiorms used fourban
stormwategrant tracking purposds/ WI DNR.

TheMS4 stormwater treatmenbst assessmedeveloped an estimate of capital cost and land
area requirefor average facilities in each of six classes: catchmens lgmthan 10 acres, -10

50 acres, 525 acres, 2500 acres, and greater than 500 acres. Capital cost was esaated
construction cost plus 30%, to allow for design and contingenciesardacbst was included.

For each MS4 area, it was determined what fraction of the total land area would need to be
subject to stormwater treatment to achieve the TMDL goal. In addition, for each MS4 area, an
assumption was made regarding how many storenwaanagement facilities within each size

class would be required. The general assumption was that there would be bias toward facilities
that treat catchments in the size range ebQ@cres, with fewer facilities in the other size

classes.

Cost estimatge also incorporated oftame capital costs and annual operation and maintenance
costs. The annual estimated operation and maintenance costs included:
1 Routine inspections and reporting
1 Landscape maintenance (grass cutting, etc.) and litter/debris rersovedded
1 Sediment removal from facility, including all costs associated with necessary dewatering,
sediment handling, transport and disposal (e.g., at licensed landfill as required), assuming
forebay cleanout once every 10 years, main cell cleanout oecg 3 years, with
associated costs translated to equivalent annual cost
1 Costs for influent and effluent monitoring to verify performance

For commercial and industrial development or other specific land uses, cost estimates were
developed for each MS4 area the assumption that each MS4 was comprised of some mix of
residential, commercial/industrial/institutional (ICIl) and open space/parkland/green space. It

was assumed that at this larger scale, the typical or representative impervious area was around
35% and thus, estimates were based on the associated set of costing numbers. Finer resolution of
land use was not made available for the MS4 areas. As such, the 35% value was considered the
most reasonable to apply at the MS4 spatial scale in which thegavielS4 area was 1,902 acres

with a median of 1,267 acres.

MS4 DemandAnalysis Results
A summary of the MS4 demand analysis is presented in Tlable
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Table Il -6. Results from MS4 demand analysis.

Analysis Result Assumptions
Total area of all MS4s 163,592 acres 86 reaches with MS4
discharges

Total area to be subject to stormwater
treatment to achieve TMDL goals for TP

and TSS

112,776 acres

Based on stormwater
management retention ponds
that achieve 50% TP and 80%
TSS load reductions

Estimated number of individual stormwater | 1,021 Averages 110 acres/facility

management facilities required

Estimated total capital cost $740 million Average $720,000/facility;
$6,600/catchment acre

Estimated total land area required for 2,400 acres 1.4% of land area

stormwater management facilities

The potential demand summary results for TP are presented in Tabkuthmary results for
TSS are presented in TableBll The wet detention pond treatment process rechatesTP and

TSS. Therefore, the costs in Tabled knd I8 are not compounding. Typically, a community
will desirea reduction in loading for both parameters. As such, the unit costs of the combined

treatment may be a better reflection of the trog cost. Detailed reductioftosttables for each
MS4 by the 40 sublUC-12 watersheds are providedAppendix B

Table Il -7. Total phosphorus demand and estimated cost for each MS4 to meet 2012 TMDL WLAdection goals.

Total Phosphorus Reduction Requirements
Land
Estimated Area
TP Annualized* | Required
Urban Reduction | Cost for Wet for
Permitted Contributing | Required Detention BMPs
MS4 Area (acres) (Ibs/yr) Ponds (acres)
Allouez 3,277 628 $ 1,761,000 53
Appleton 15,389 3,365 $ 7,714,000 246
Ashwaubenon 8,196 1,568 $ 3,913,000 118
Bellevue 6,612 1,392 $ 1,228,000 86
Buchanan 2,311 1,028 $ 2,065,000 64
Combined
Locks 1,513 434 $ 1,091,000 32
DePere 7,987 1,496 $ 3,786,000 118
Grand Chute 8,502 1,873 $ 3,773,000 123
Green Bay 28,733 5,698 $ 12,295,000 383
Greenville 2,857 641 $ 1,487,000 47
Harrison 1,718 805 $ 1,339,000 43
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Hobart 20,837 3,370 $ 8,887,000 273
Howard 11,832 1,995 $ 4,479,827 140
Kaukauna 5,171 1,135 $ 2,583,000 80
Kimberly 1,597 369 $ 1,169,000 34
Lawrence 2,103 389 $ 1,101,000 31
Ledgeview 859 181 $ 5,480,000 17
Little Chute 3,699 701 $ 630,000 43
Menasha 3,864 743 $ 1,198,000 62
Neenah 5,272 875 $ 1,962,000 75
Scott 1,028 205 $ 497,000 14
Suamico 8,719 1,483 $ 3,137,000 97
T. Menasha 7,962 1,583 $ 3,613,000 120
T. Neenah 4,092 688 $ 1,977,000 60
UWGB 804 160 $ 474,000 13

* Annualized cost methods based on current déiflacycle cost analysis using a-g@ar life of project, 3.3%
inflation rate and a% nominal discount factor The annualized cost estimate includes capital, operation and
maintenance costs.

Table I -8. TSS demand and estimated cost totals for each MS4.

Total Suspended Solids Reduction Requirements
Land
Estimated Area
TSS Annualized* | Required
Urban Reduction | Cost for Wet for
Permitted Contributing | Required Detention BMPs
MS4 Area (acres) | (tons/yr) Ponds (acres)

Allouez 3,277 271 $ 1,761,000 53
Appleton 15,389 1,374 $ 7,714,000 246
Ashwaubenon 8,196 515 $ 3,913,000 118
Bellevue 6,612 361 $ 1,228,000 86
Buchanan 2,311 197 $ 2,065,000 64
Combined
Locks 3,513 313 $ 1,091,000 32
DePere 7,987 682 $ 3,786,000 118
Grand Chute 8,502 348 $ 3,773,000 123
Green Bay 28,733 1,973 $ 12,295,000 383
Greenville 2,857 110 $ 1,487,000 47
Harrison 1,718 141 $ 1,339,000 43
Hobart 20,837 789 $ 8,887,000 273
Howard 11,832 497 $ 4,479,827 140
Kaukauna 5,171 492 $ 2,583,000 80
Kimberly 1,597 185 $ 1,169,000 34
Lawrence 2,103 98 $ 1,101,000 31
Ledgeview 859 66 $ 5,480,000 17
Little Chute 3,699 291 $ 630,000 43
Menasha 3,864 469 $ 1,198,000 62
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Neenah 5,272 386 $ 1,962,000 75
Scott 1,028 50 $ 497,000 14
Suamico 8,719 413 $ 3,137,000 97
T. Menasha 7,962 831 $ 3,613,000 120
T. Neenah 4,092 315 $ 1,977,000 60
UWGB 804 39 $ 474,000 13

' Annualized cost methods based on current dtifacycle cost analysis using a-g@ar life of project, 3.3%
inflation rae and a 8 nominal discount factor The annualized cost estimate includes capital, operation and
maintenance costs.

Though thisassessment was completed assuming 35 percent impesuidasesduilt up
downtownarea and industrial district€an havempervioussurfacecoverage as high &9 to 90
percent These higher percent impervious areas madtégfitult to locate acceptable sites for
largedetentionfacilities andthusincrease théikely cost of treatmentCosts associated with
stormwatetreamentfor various catchment area size®d impervious surface percentages of 35
and 70 percerdrepresented in Tabddl-9a andll-9b. Tablell-9b is limited to smaller class
sizes reflecting the difficulty sighting a large facility in a heavily builaoga.

Table Il -9a. Capital, operation and maintenance costs for stormwater wet detention pond facilities treating runoff from
areas with 35 percent impervious surfaces.

Estimated Mean
Estimated Average Facility
Class Range Mean Estimated Capital Annual Land Area
Size (Catchment Catchment Capital Cost Cost O&M Cost Required
Class | Area--acre9 Area (acres) (%) ($/Acre) (%) (acres)
1 <12 acres 6.2 $162,500 $65,000 $33,159.75 0.88
2 12-49 acres 31 $446,000 $35,683 $70,086.25 1.25
3 49-124 acres 87 $698,000 $19,929 $71,753.50 2.14
4 124-247 acres 185 $1,096,000 $14,617 $81,973.13 3.37
5 247-494 acres 371 $1,677,000 $11,180 $83,362.50 5.62
6 >494 acres 561 $2,310,000 $10,178 $92,513.85 7.79
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Table 1l -9b. Capital, operation and maintenance costs for stormwatewet detention pondfacilities treating runoff from
areas with 70 percent impervious surfaces.

Estimated Mean
Estimated Average Facility
Class Range Mean Estimated Capital Annual Land Area
Size (Catchment Catchment Capital Cost Cost O&M Cost Required
Class Area--acrey Area (acres) % ($/acre) (%) (acres)
1 <12 acres 6.2 $190,000 $65,000 $33,000 0.88
2 12-49 acres 30.9 $573,000 $35,700 $70,500 1.25
3 49-124 acres 86.5 $866,000 $19,900 $72,600 2.14
4 124-247 acres 185.3 $1,641,000 $14,600 $83,300 3.37

Tablell-10 summarizes the range of unit cotat weredentified in the LFRWthrough this
analysis (Unit costs for removing TP and TSS from stormwater using wet detention ponds are
presented iAppendix B) It is important to note thatnit cost valuepresentedeflectthe BMP
sizing thatachieveshe most restrictivavater quality parameteeduction need regarding TP or
TSS As such, the nit costestimatereflecss the total cosof the treated area necessary for the
most restrictive parametdivided by the unit®f masseducedeven though tharea treated
might have been determined by the other param@tegrefore the unit costs at the high end of
the rangemaynot alwaysbe an efficiat approacHor that parameterMS4 communitiesshould
exploretheuse ofdifferent BMPs that are appropriate for the catchment characteastics
community goals. When doing soyait cost evaluation for the BMReing considerets
recommended

Table Il -10. Estimated low, medium and high annualized unit costfor TP and TSS for stormwater reductions.

Combined TP and TSS unit
Value | TP unit cost ($/Ib) | TSS unit cost ($/ton)| cost ($/[Ib TP + ton TSY)

Low $ 880 $ 3,400 $ 700
Medium $ 2,400 $ 7,800 $ 1,798
High $ 3,480 $ 13,500 $ 2,555

T Annualized cost methods based on current déiflacycle cost analysis using a-g@ar life of projet, 3.30%
inflation rate and a% nominal discount factorThe total cost includes siting, design, capitalization and annual
operation and maintenance.
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1. SUPPLY ASSESSMENT

Credit supply in trading programs is influenced by a number of factors, inclsalimge types

(e.g., animal operations versus crops), regulatory constraints (e.g., TMDL load allocations setting
baselines and load calculation requirements), physical location (e.g., upstigacnediting)

and socieeconomic factors (e.g., willingness participate). Towards these ends, the Project

Team estimated the TP and TSS reduction potential for various nonpoint source sectors in the
watershed capable of potentially generating credits for sale through a WQT program.

Constraints reflected the 2ZDTMDL, Wisconsin trading guidance (2013a) and direction by the
GLC and PMT.

The higlest credigenerating capabilitiesxamined in the assessment were associated with
agricultural fieldsandlivestock operationsAlso assessed was gully and streambenolsion.
WWTFs willing to go beyond their WQBEL requiremetdsgenerate point source credits were
ultimately notconsidered fothis analysisdue to the limited amount of facility information
available. However, WWTF representatives are strongly engedit® consider credit
generation, if feasible, based on knowledge of their facility.

Other TP and TSS source types that might be capable of producing a credit supply mentioned,

but not analyzed in this report, include regulated and unregulated urb@mater sources

(though such opportunities are likely limited), wetland creation, or restoration and activities in all

of the subwatersheds located above Lake Winnebago. A supply assessment associated with

these latter sources was beyond the scope dieidmsbility assessment which focuses only on

the LFRW. Some discussion of trading opportunities above Lake Winnebago is provided in a

| ater section on AConsiderations and Recommen

Ag and Rural Area Potential Credit Supply Overview

The assessment of potentiatal areecredit suppgesin the LFRWrequired an analysis of

various nonpoint sources that were not specifically delineated in the 2012 TMDL. Thus, loading
associated with current practices neededr$b e assessed followed by application of practices
required to initially meet TMDL load allocation reductions. Once TMDL reduction goals could
be met, application of additional BMPs and conservation practices to generate credits was
assessed to detemmei rural nonpoint source credit supply. The sequence of credit supply
analysis included assessment of:

TMDL load allocation reductions from rural sources

TMDL load allocation total costs

Maximum credit potential and total cost from agricultaralppingoperations
Maximum credit potential and total cost from Animal Feeding Operations
Maximum credit potential and total cost from bank erosion and riparian gullies

= =4 =4 8 A
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The supply evaluation for agricultural and rural sources followed WI DNR trading guidance
(2013a) as well as 2012 TMDL constraints. The evaluation also relied upon approved credit
calculation methods and models. These included the University of Wisconsin cropland model,
SnapPlus v.2, and the Wisconsin Barnyard Runoff Model (BARNY) for barnysne mt

loading predictions, both designed for ssggecific calculations. These models are part of the
Wisconsin DNRapproved calculation model listWhen combined witthe GIS spatial analyse
utilized herein for the broader feasibility assessmemtsgiecific loading inputs were replaced

with representative values (averages) selected by an Agricultural Oversight Subcofomittee
basinwide credit supplyassessment. Ultimately, each water quality trade must rely upen site
specific analysis of localonditions and not on basimide analyses.

The primary purpose of SnapPlasfor nutrient managemeandconservation planninfpr
croplands based on. IttwhsedevElopedifod rarkingdiedsibytha nt s oi |
phosphorus pollution potential tfeir most "problematic" areas and not for quantifying whole

field P delivery from complex landscapes. An updated SnapPladterBativelyp r ovi ded a i
trade r epor t offieldsTP ioaddotr veaterogbialityetrdding applications using the

fel dé6s dominant soil type with a simplified de

SnapPlus v.2 also allowed for the prediction of TSS loads from the RUSLE2 model embedded in
the tool. Estimates of infield erosion (though without edfyéeld delivery factors) were used
for estimating TSS credit supply from cropland in the LFRW.

SnapPlus model output, coupled with GIS spatial analysis, provided cumulative cioplnd
estimates that were ultimately calibrated to a watershed loading summation cdlai88 and
TP loading fromthe 2012 TMDL. This step ensured that cumulative field scale predictions
ultimately reflected rural nonpoint source loads reported in the 2012 TMDL.

For analyzing potentidlP loadsfrom AFOsusing BARNY, and extrapolatiortd streambank
and gully erosiomeductions for both TSS and JT$elect vateshed data provideloly Ms. Saah
Francart Outagamie County LCDwere used biProject Team.Thesedata included:

1 Survey results for the Kankapot Creek and Plum Creek watershe8ls@s and
streambankgsediment and phosphorus loadings from the streambank erosion sites were
estimated using the NRCS methdédsconsin NRCS Field Office Technical Guide 11/03
while phosphorutoadings from AFOs weresémated using the BARNY model)

1 Locaton GIS coverage for the streambank erosion sual@yg with the survey results

1 Afixed format map of the surveyed AFOs was providkxhg with the survey results

Details of data applicati@for usewith SnapPlusBARNY andotherextrapolationsised in he
determination of current loads by nonpoint source categories, and then later for assessment of
credit supply ar@rovided in the following sections of this chapter
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Ag and Rural Potential Credit Supply Determination

K&A led Project Teaneffortsto assesrural TP and TSS loads and correspondsneditsupply.

Rural sources included croplarahimal feeding operationaFOs), streambankand riparian

gully erosion The analysis of these sources included an assessment oftbothand long

term availdle credit supply. In addition, the cost of credit supply was calculated to determine if
purchasing credits could be a cefftective compliance option fgrermitregulated entities

facing stricter discharge limit$he following subsections document themerous

considerations and analytical steps that were used to determine loading conditions for credit
supply. These are followed by descriptions of other project outputs requested by GLC and the
PMT, and then results depicting credit supply from theougrrural nonpoint sources.

Overview of Methods to Assess TMDL Load Allocation Reductions fronRural Sources
Load allocations in the 2012 TMDL dictate minimum required load reduction requirefrants
rural sources. TheseMDL reduction goalsin essencéhecome a critical consideration for
dictatingtradingbaselines for nonpoint sour@® and TSSredit generation. Knowledge of
rural land useractices wa therefore critical fodetermining present conditions aexisting
conservation practices, consation practice needfor addressing future load reduction
requirementgthatcanalsoprovideinterim 5year credits)and then additional practicesyond
the TMDL Load Allocationto generate surplus reductions suitablddag-termWQT credits

As sud, the first stepn this assessmeptocessvasto form anAgricultural Oversight
Subcommitte¢o best inform the Project Team in these regards. The Subcemooittsistedf
representativeBom the four County Land Conservation Departments (CLCB$DNR and
DATCP staff.

Based on the knowledge and input provided by the Subcommitteerdjeet Teandetermine
Atypical 6 crop rotati ons adrepresentatve eohditiangia | prac
each of the four counties contributing to tHeRW. Theseincluded land application of manure

assuming an equal split between fall and spring applications all with incorporation when applied

to non perennial cropsimportant data/manipulations used to assess cropland source loading
included

1 SubHUC 12 watersheds for impaired stream segment drainages were delineated using
the same process as described in the MS4 demand anatysigt®n methods discussion

1 USDA NASS Cropland Data Layer (CDL) coverages from 2003 to 2013 were
downloaded from the CDWwebsite at
http://www.nass.usda.gov/research/Cropland/Release/indexhthe 11 annual data
layers, the 2013 to 2010 and 262303 coverages were of &dresolution and the 2009
2006 coverages were of BHresolution

1 The NRCS State Soil Geographic (STATSGO) soil coverage data were downloaded from
USDA NRCS GeoSpatial Data Gateway at
http://datagateway.nrcs.usda.gov/GD@&raspx
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Recommendations for seven crop rotations commonly practiced in the wateesiegdovided
by theAgricultural OversighSubcommitteeand used in this analysigheseare presented in

Tablelll -1.
Table Ill -1. Crop rotations selected by the AgriculturalOversight Sub@mmittee for the credit supply analysis.
Rotation
4 Crop Crop Crop Crop Crop Crop Crop Crop
1 com com Com | Afalffa | rcoita | Afafa | Alfaffa | Affalfa
Grain Silage silage seeding
Alfalfa Corn Corn
2 Seeding Alfalfa Alfalfa Alfalfa Grain silage
3 Afalfa =\ = cofa | Alfata | Attata | O™ Com | oovbean | Wheat
Seeding Silage Silage
Corn Corn
4 Grain Grain Soybean Wheat
5 Com 1 \heat | SO Alfalfa 1 \faita | Alfalfa | Alfaifa
Silage silage seeding
Alfalfa Corn Corn Corn Corn
6 Seeding Alfalfa Altalfa Altalfa Silage Silage Silage Silage
7 Corn Corn Corn Corn
silage silage silage silage

These typical cropping conditions were simulated in the SnapPlus v.2 model on ten

representative soil npaunits each representative of the STATSGO soil groups. As applied, the
SnapPlus v.2 providead i P fepod praviding edgef-field phosphorus loadings.

Soil test phosphorus (STP) resulisre an important input factor for SnapPlus runs. These
selected by th@gricultural OversightSulbcommittee to be 15, 25, 40 and 65 pphhesenput
datawereconfirmed by obtaining local soil labatory summary statisticsSSummary statistics
revealedhat theravasan equal distribution of STP results a&&sdhe LFRW (e.g., 25 percent
could be represented by each STP resilbeseSnapPlus v.2 scenarios algeldedestimates
for soil erosion within the field (i.e., not delivered to the field edge) vidktnased Universal
Soil Loss Equation v.2 (RUSLE2mbedded in SnapPlus.

Mr. Nick Peltief Brown County LCD provided SnapPlus.2 simulation results for unit TP
loadsusing the Prrade reportand TSS loadings for 10 STATSGO sdissed on the RUSLE2
modeloutputs Each soilwasdivided intofour initial soil test phosphass levels (15, 25, 40, and
65 ppm) for each of the seven most common crop rotations in the watessieed@mmended by
the Agricultural OversightSubcommittee. These 10 soils cover 99.6% of the LFRW area.

The SnapPlus simulationsaluded loadings from current soil and management conditions, a set
of tillage and cover crop management practices (spring vertical ttill noterseeded winter rye
cover crop, fall seeded cover crop, spring field cultivate, and spring chisel), ffedsitips
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combined withtillage and cover crop practice$he initial tillagecoveragevas estimated by the
Agricultural OversightSub@mmittee and consisted of fall chisel and disc, fall chisel no disc and
no-till according to the crop rotation.

In tandem with developing a typical condition for farm operations and riparian area sources, a
GIS spatial analysis was developed to provide the ability to examine these typical conditions
across the LFRW. The spatial analysis allowed the typical condittartaae used by
georeferencing the site estimates with representative soil groups and National Agricultural
Statistics Service cropland data layers to support the SnapPlus field scale evaluation.

The Agricultural Oversight Subcommittaésoprovided gudlance to estimate the current extent

of BMP implementation in barnyards similar fashion as their cropland recommendatiohise

WI DNR-approved BARNY model was used on an AFO inventory of Plum Creek and Kankapot
Creek to estimate the current phosphdoasling estimates from barnyard waste from these

areas. From each typical condition in these runs, a watershed yield (Ibs TP/acre/year) was
estimated. The inventory of AFO sites in the Plum and Kankapot Creek watersheds was
extrapolated throughout thedia based on an assumption of equal distribution of the 2013
Agricultural statistics for county cow/calf numbers. These data sets were used to create loading
estimates based on the developed watershed yield information. A watershed extrapolation was
competed using the spatial analysis based on the estimated watershed yield for each typical
condition.

In addition, a streambank erosion and riparian gully inventory conducted by the County Land
Conservation Departments in Plum and Kankapot Crgekdedsummary statisticercluding
percentages of inventoried miles considered to be eradiomg withTSS loading estimates.
Thestreambank and riparian gully summary statistics were extrapolated to other subwatersheds
with similar geomorpholog The croplanéndstreambank and gully estimatiofes TSSwere

then calibrated bgubwatershed using a mass balance approach based on the 2012 TMDL TSS
agricultural loading estimates. A TP calibration was similarly conducted for TP load estimates.

Explicit details m how loads were determined from these raoalrces as just descrihede
documenteds follows. Thesstepsillustrate thecomplexlevel of analysis that went into rural

TP and TSSourceoad calculations that were otherwise not available in the ZOARL or

other documentation, but necessary in order to determine potential credit supply in the LFRW.

Detailed Methodsto Assesropland Loads
The following steps were takenanaly2 TP and TSS loadsom crop rotation sequences for
cropland parcels ithe LFRW:

Stepl: GIS analysisvas usedo extract corn, soybeans, alfalfa, pasture, and winter wheat from

the CDL dataset These five crops/vegetation coversrechosen based on tiAgriculture

Oversight Bbc o mmi t t ee ds r e ¢ 0 mme ncbamrmhon orop rofations intthee s e v e r
watershed. The extracted CDL coverages were then converted to point coverages for each of the
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11 years. One grid (pixel) from the CDL coverage was converted to one point. Each point
therefore has a crop designation of ohéhe five crops. (Loss of acreage from the other crops
during this process ranges from less than 2% for 2013 to 8% for 2008hould be notetiere

that the CDL crop coveragegidhot distinguish corn grain from corn silage, nat they specify

alfalfa seeding as a separate crop. In addition, the pasture land use type and alfalfa crop in CDL
were combined in the analysis as alfglfa.

Step 2 Sequentially spaemin different years of the extracted CDL coverage (from 2013
moving backwards to 2003 Because point locations remain constant from year to year for CDL
coverages with the same resolution, sgasewasdone bypoint overlapping the same point

over two sequential years. For example, if one point at a location in 2013 was corn and there
was a point at the same location in 20th2t was marked as alfalfa, then there was a crop
sequence of 2013012 being coralfalfa. After the spaein was completed for the 2013 and
2012 coverages, the resulting 2EARL2 sequence coverage was sgated with the 2011
coverage to result in the 2028122011 crop sequence, which in turn was joined with the 2010
coverage to get the 202910 fouryear crop sequence. The process was repeated until all 11
years were analyzed. Each step resultedcioa sequence coverage for the watershed that had
one more year of crop assignment. Because the longest recommended rotation had a crop
sequence of 8 years, the sequencing result from the 8 years e2@0B6vas used in this

analysis.

Step 3 The crop squence coverage for 262613 was then distributed to the 40 sub HLUZC
watersheds and exported to individual Excel spreadsheets.

Step 4 An algorithm was developed usiMisual Basic Applicatiorscript to assign each parcel
of land in each of the subWC-12 watershedgased on its eightear crop sequeng® one of
the seven crop rotations provided by #fgricultural OversightSulcommittee. The algorithm
followed the following procedure:

a. Searched for parcels of land that had CDL assigned land ejs@fcalfalfa/pasture from
the second through the seventh year of the gigat rotation sequence. If any of these
years was alfalfa/pasture without an immediate neighboring alfalfa/pasture, it was
deemed a cartographical error and the land parceldoyédar was reassigned a
neighboring noralfalfa/pasture cropRandom errors in large data sets can be created by
light spectrometry recording errors, database collaromis as well as naturally
occurring issues such as drowned out areéields being repopulated by volunteer
growth of grasses and/or other weeds.

b. Searchedor land parcels with seven or eight years of alfalfa/pasture and removed these
land parcels for further analysis due to their limited potential of generating load
reductions for WQT Approximately 36,000 acres weremoved. These acres can
consist of road ditches, marginal lands not in production, irregular field edges and
permanent pastures lbay land Most of these land uses will not be able to generate a
credit due to perenrligegetation nonpoint source loading already being very low and the
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inability to implement effective reduction practicels some settinggermanent pasture
and/or hayand could be improved by pasture stand managemr nutrient management
BMPs, howeve, without an inventory athesesites specifying thecondition estimation

of potential reductionwas not feasible. The limited number of siteas not likely to
substantially affect the results of the cropland assessment.

c. Sorted he remaining pagds using a prioritized search of unassigned parcels. The order
of the search was selected based upon the crop percentage in the database and not the
rotation number:

0 Rotation #7 was assigned to parcels i last five years of the crop sequence
contaning corn(20092013).

0 Rotation #3 was assigned to parceith corn and soybeans plus at least three
years of alfalfa/pasture.

o Rotation #5 was assignedlemd parcels with corn and wheat plus at least three
years of alfalfa/pasture.

0 Rotation #4 vas assigned tand parcels where no alfalfa/pasture was present in
any of the eight yeamshen the parcel had not already bassigned Rotation #7
in step 3

o Rotation #2 was assignedlemd parcels with two years of consecutive corn
followed by threeyears of alfalfa/pasture.

o Rotation #6 was assignedlemd parcels with four years of corn and at least three
years of alfalfa/pasture.

o Rotation #1 was assignedlemd parcels with three years of corn and at least
three years of alfalfa/pasture.

d. Cheked the entire database to mark the remaining unassigned land parcels.

e. If the last year of the-§ear crop sequence (year 2013) for a land parcel was
alfalfa/pasture, it was not possible to tell what crop would be planted in the following
year. A sukalgorithm was developed to assign such land parcels to Rotation #1, 2, 3, 5,
or 6.

f. Looked for land parcels with the first year (year 2004) being headfalfa/pasture in
the 8year crop sequence. These land parcels were assigned Rotation #4.

g. For land pecels with only two consecwe alfalfa/pasture in the-$ear crop sequence, a
sub-algorithm was developed to assign such land parcels to Rotation #1, 2, 3, or 5.

h. For land parcels with five or more yeafsalfalfa/pasture in the-gear crop sequence, a
sub-algorithm was developed to assign such land parcels to Rotation #1, 2, 3, or 5.

i. For land parcels with at least three yearalfalfa/pasture in the-§ear crop sequence but
without any corn, a sublgorithm was developed to assign such land parcelstatiBn
#1, 2, 3, 0r5.

J. Checked to ensum parcels had been assigned more than one rotation. If such a case
was found, it was dealt with individually.

Step 5 An ArcGIS model was built to link the rotation assignment for each parcel of land to its
geogaphic location antb create a GIS coverage layer that had the location and rotation
assignment for each parcel.
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Step 8 The rotation assignment coverage was then intersected with the STATSGO soil
coverage t@reatea coverage that had both rotationigisment and STATSGO soil type. This
coverage was used to calculate the area for each soil and rotation combination in each of the 40
sub HUG12 watersheds.

Step 7 Based on the soil test phosphorus survey results from the three main counties in the
LFRW (Brown, Outagamie, and Calumet) provided\by Nick Peltier(September 25, 2014), it

was estimated that soils in the watershed had roughly equal distribution of the four soil test
phosphorus levels used in the SnapRI@sP Trade reporbased approactResults from Step 6

were thus matched with the SnapPRuSrade repontesults for each of the 280 rotation/soll

type/soil test phosphorus combinations to obtain the TP and TSS loadings from the cropland for
each soil/rotation combination in the 40 sub®L2 watersheds.

Step 8 Using the 2012 TMDL baseline load estimate for TSS, a calibration coefficient for each
subwatershed was determined to adjust the GIS spatial analysis totals \2idi 2FéVDL.
Thecalibration adjusted down tiUSLE?2in-field currenterosion rates teimulateboth in

field delivery ratios anattenuation factors fahose fields located further from perennial

streams. The process prouidebalanced mass budget estimate of croplstnelanbank and

riparian gullyerosion (thgrocesses to estimate these other sources are described below)

Step9: A mass budget calibration process was applied to the GIS spatial analysis results for TP
by subwatershed. Based on #8842 TMDL baseline load estimate for, T&Pbalanced source

loading estimate a&s created for cropland, strelaamk and riparian gully erosipand AFOs
discharges. (The other source estimation processes are described below.) Using the sediment
adjusted loadingrom Step &s a guiddor the level of TP provided byrsambank and gully

loading a calibration coefficient for each subwatersfeedl P was determinedSnapPluy.2 P

trade reportalready hae an adjustment factor to address edfield loading. Howeverthis
additionalcalibrationwas necessary taecancile the GIS spatial analysis technique with the 2012
TMDL assessment. In addition, as set up,ShapPluy.2 P Trade report approacised an

input assumption of 300 fett the edgef-field when in realityactual distanceare highly

variable

Detailed Methods to AssesAnimal Feeding OperationLoads
For analyzing th@otential credit supply from AFQshe TP loading from this source was
determined using the following steps:

Step I Surveyed results of the number of AFOs and TP loading from theGs Adf the
Kankapot Creek and Plum Creek watersheds were distributed to the three counties (Brown,
Calumet, and Outagamie Countig=gch of which has land within the watershed boundaries
The phosphorus loading for each site fromB#&RNY model rurs were includedn the

inventory The survey inventoried 93 AFO ajionsthat spanned parts tifree countieseach
containng multiple operations. Tdlargesamplepopulationand multiple sites per counity a
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strong indication that differences betweenrdgloversight (if anyvereaccounted for within
the results It was reasonable to assume that the resudie representative of each
topographical circumstance faced by operators in the LFRW. This assumpsitasedon the
large samplasize of the d&a setandthe substantiadpatial extent the inventoopvers.
Therefore,the AFO surveyesults ofaverageounds of TP loading for each countgne
selectedoestimatean AFOG6s phosphorus | oad

Step 2 TheProject Teanappliedtheloading estimaderived in Step 1hy cross referencinig
with thecountydata from th&iAll Cattle and Calvescategory in the 201®/isconsin
Agricultural Statistic§USDA NASS, 2013) Based on assuming an equal distribution in
cattle/acre/countythe AFO surveyTP loadingestimatenvas converted into pound TPper acre
estimate for each countyrhis form of the loading estimatioves thenadjustiblebased on the
Ag censusead countor each county. Tlis unit area loading rat@asapplied to other parts of
the couty outside these two watershadsStep 3

Step 3 Geoprocessing was performed to obtain the distribution of county areas in each of the
sub HUG12 watersheds. The county unit area TP loading rates from AFOs were applied to
these areas to obtain thealoT P loads from the sub HUT2 watershedslt is noted her¢hat

there were some areas near the Neenah Slough that fell inside Winnebago County. Unit loading
rates for neighboring Outagamie County were used in these areas. One area in the upper East
River watershed fell inside Manitowoc County. Unit loading rates for neighboring Calumet
County were used in that area.

Detailed Methods to AssessStreambank and Riparian Gully Erosion Loads

The Plum and Kankapot Creek streambank and riparian gully inyemts used to extrapolate
erosion rates to other subwatershed areas that were considered to have appropriately similar
geomorphology characteristicor analysis ostreambank erosicend riparian gulliesTP and

TSS loadings from #sesourca were detemined using the following steps:

Step I According to the informatioprovidedto theProject Teamthe stream survey conducted
by the Outagamie County LCD for the Plum Creek and Kankapot Creek watersheds targeted
30% of the total stream miles in the emheds where bank erosion was likely. Of these targeted
stream miles, 58% of them were eroding. TSS loading from the eroding banks was estimated
during the survey an average rate 487 tons per stream mile per year. It was further assumed
by the Poject Teanthat the eroding sediment had a TP concentration of 0.5 pounds per ton.

Step 2: Based on GIS perspective maps @gglicultural Oversight Subommitteeconcurrence
it wasdetermined that due to the mostly flat landscape of the LFRW, streartusidn likely
took place in only the following HUQ2 watersheds:

1 Trout Creek
1 Lower Duck Creek
1 Upper East River
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Bower Creek

Baird Creek

Lower East River

Apple Creek

1 Garners Creek portion of the F@&arners HUC12

= =4 4 A

Total stream miles were thus determinedthese HUEL2 watersheds.

Step 3:TSS loadings from these HUL2 watersheds were calculated based on the assumption
that 30% of total stream miles were susceptible to erosion and of these stream miles, 58% were
actually eroding at a rate of 187 tons &S per stream mile per yeaith a TP concentration of

0.5 pounds per ton.

Universal Credit Threshold Analysis

The GLC PMT requestetthatthe Project Teanalsoprovideguidancen the feasibility
assessmerfior development of aniversalcreditthresholdUTC) for cropland sources and a
credit thresholdCT) for AFOs and streambankd hough this UTC and CT provide an efficient
trading baseline determination methddultimatelydeemed appropriate by WI DNRhe
estimatedactorsderived heravere not ged in thdinal demand/supply comparisan&ather

the approach and computations previded toGLC and the PMTn this reportfor their other
trading policy deliberationsin these regardshé Project Teamlaborates on #hconceptof a
UTC and CTasfollows.

By establishing a unit load average for each credit generating searbyeadopters of
conservation wouléssentiallynot be penalized by having meake further reductions to achieve
the 2012 TMDL load allocations. These early adopters cdsitdpmtentially sell credits based
on the margin that exists between their sites cumenpoint sourcedge of field loading and the
higher UCT or CT.The following equations were provided by the PMT to considérese
regards

1 For gullies/concentrat flow channels, AFOs, and bank erosion, the approved
TMDL percent reduction targets for agriculture were applied using the forriRiCH,
where:
o P =Ibs/year being discharged
o E = EPAapproved percentage load reduction
0 R (amount needed to be redut¢edchieve credit threshold) =P x E
0 CT (credit threshold) = PR
9 For cropland sheet and rill erosion, the 1woopland sources were subtracted from the
baseline to estimate cropland area and develop a universal credit threshold (UCT) for
each subwaterstde This consideredaverage phosphorus index for the watershed,
baseline load of phosphorus and TSS (e.g., Ibs/year) and acres in cropland production.
The formula applied was UCT = API x (1), where:
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0 API (average phosphorus index) = B/Ag
o B baselindbs/year for Ag in TMDL subwatersheds
o0 Ag=Agacres in HU€EL2

TheProject Teantould not assess concentrated flow channels. Early in the prigeeissions
were held that indicated that the County Land Conservation Departments had run GIS terrain
analysis using the Stream Power Index (SPI) for Plum Creek. SPI terrain analysis can be used to
determine vulnerable sites in upland feelldat may be susceptible to channelized flow erosion
and NPS loading concerns. However, forfneject Teamo successilly evaluate loading from
GIS SPI analysigwo other information setsere necessaryThe first dataet wa a field
verificationsuchthat the SPI priority rankings lseted in the terrain analysis meen the correct
rangeto be associated with highprobability of channelized flow concerns (e.g., gully formation
and/or snow melseasonal ephemeral channelShis field verification should also provide a
check on the SPI process dividing the GIS terrain andly&isins of confirmed field

vulnerabilty, the sites already treated with BMPs and/or a false positive GIS ranking. The
secondhecessarinformation set wa a correlation between the prioritized ranking of the GIS
terrain analysis and the estimated field loading from channelized flow corgditio

The Plum Creek data did not have either of these required additional information sets. In
addition,extrapolation of thé&lum Creek terrain analysiséimventories outside of ith

subwatershed raiseatcuracy concernslhereforethe Project Teansettled on using the
streambank erosion inventory in Plum Creek and Kankapot Caselescribed aboveThe

County Department staff estimated thaé percent of thd SSloadingwasdetermined to be

coming from riparian gulliesThis estimate wabasean identified eroded soils connected to
streams located in upland aredtswas recognizedherethat this didnot fully address

channelized flow concerns with soluble phosphorus loadings from land application of manure in
the flow path or high STP soilsleasing soluble phosphorus.

Based on the GIS spatial analysis described above, the spatially disttdadddsed on the
SnapPlus GIS projections calibrated to the 2012 TMDL baselkmewsedfor each HUG12

watershed SnapPlus contains a deliyeratio in its phosphorus estimates. Howewasrit was

applied in the GIS spatial analyses300foot length of field wasssumd. This implies thathe

field is adjacent to a perennial streamich is notalwaysthe case. Therefore, the sum of the
distributed SnapPlus field loadings as determined by the GIS spatial analysis was adjusted down
to reflect the 2012 TMDL current conditions. Tdnerage of the adjustmentssiva 30 percent
reduction in HUCG12 GIS spatial analysis loading for phosphorus.

[Note This procedurgvas a necessary step to calibrate the loading for each subwatershed
comparison. However, future credit supply searches should prioritize fields adjacent to streams
high on the list. These settings will yield the highest per adcereluction as predicted by
SnapPlus, without having to be further discounted by an upland attenuation factor similar to the
one used herk.
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The adjusted SnapPI@&S spatial analysisurrentload for each subwatershed was calculated
and then reduced lige 2012 TMDL reduction requirements. Ndke calibrated mass budget
for the subwatershed was used to determine the average unit loading rate (i.e., pounds
TP/acre/year) that would achieve the load allocation. Firthkyunit loading rate was divide
by the mass budget calibration coefficient for each subwatershed to provide the SnapPlus edge
of-field universal phosphorus loading rélles TP/acrejhat would achieve the 2012 TMDL
goals and objectivesThesecalculated credit thresholds are presémitelablelll -2.

Table 1l -2. Cropland universal credit threshold and Animal Feeding Operation, streambank and gully credit thresholds

by TMDL subwatersheds.

In-field Cropland
Universal Credit
Threshold for SnapPlus
Results[Based on the
Calibrated Load

Subwatershed Cedit

Subwatershed
AggregateCredit
Thresholdfor Bank
Erosion & Riparian

Estimates] Threshold for AFO Gullies
TMDL Subwatershed (Ibs TP/acre) (Ibs TP/Subwatershed) | (Ibs TP/Subwatershed)

Apple Creek 2.04 98 213
Ashwaubenon Creek 1.86 111

Baird Creek 2.08 84 15
Bower Creek 1.81 124 206
Upper Duck Creek 1.72 165

Middle Duck Creek 1.85 88

Lower Duck Creek 1.25 42 341
Oneida Creek 1.24 44

Dutchman Creek 2.13 107

Upper East River 211 106 147
Lower East River 1.90 127 173
Dead Horse Bay-Frontal 81

Green Bay 0.53

Point du Sable-Frontal Green 165

Bay 1.53

*City of Green Bay-Fox River 1.31 135

*Garners Creek-Fox River 1.19 167 58
Kankapot Creek 1.85 113 151
*Little Lake Butte des Mortes 1.16 120

*Mud Creek 0.66 124

Plum Creek 218 91 219
Trout Creek 0.69 95 78

* Subwatersheds that have substantial differences in the SWAT model boundaries in the 2012 TMDL compared to USGS GIS

HUC-12 boundaries. The GLC PMT and WI DNR maysider using a different approach when the credit thresholds are
determined within these subwatersheds.

For gullies, AFOs, and streambank erosion, the-teng credit threshold available from one
siteds i mplementation

c o tallcrdditdagailablefomthe d t o
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corrective actions and then multiplying the 2012 TMDL load allocation reduction goal.
However, when an entity i s pur s-@couldbeasedstas bst an
identify the tipping point at which timthie next site correction is eligible for the entire load

reduction to generate loftgrm credits.

Results ofBMP_Implementation Reductions on Croplands

This analysis recognidenterim (5-year) crediting opportunitiesnder Wisconsin Trading
Guidanceas a@ricultural production strives to achieve @@12 TMDL load allocation;rad
subsequently, lorterm (post Syearpractice implementation) credit generatwhere thdoad
allocatonb ecomes t he f amgbaselnea destnmate the tota cosf aichieving
the2012 TMDL load allocationUSDA-NRCS 2014 practice informatidor Wisconsin was
used in this LRW application Specifically, he USDANRCS Environmental Quality
Incentives Program (EQIP) payment schedules for 100 percpraaifcecaptal coss were
applied To collect total cost estimates, operation and maintenanceamstassumed to be
four (4) percent of the BMP capital cost.

The Agicultural OversightSubcommittee andrBject Teamcollaboratedo first developa

cropland BMP syem that would be acceptaliter Ag producergo meet the TMDL reduction

goals Again, TMDL reduction goals needed to be met before trading credits could be generated
in this scenario (recognizing the initialy®@ar window for credits following practice
implementation).The BMP developmenprocesswvas iterative The first two attempts did not
achieve the 2012 TMDL load allocations in many of tFRRW subwatersheds. The third BMP
system incluthg bufferscould potentially meet these goas Green Bay Buffers, however,

were not likely to be widely adopted without substantial incentiaesording to thégricultural
OversightSulcommittee. Even with buffers being applied on all cropped land in the watershed
the load allocation goals for phosphorus enaill not achieved in a few subwatersheds. Table

Il -3 shows the BMPs selected in the third cropland reduction scenario (BMP systéabik

l11-4 andlll -5 provide the BMP system loading comparsasith the 2012 TMDL load

allocations for TP and TS&spectively. Theetailedestimates for reductions in the 40 sub
HUC-12 watersheds are provideeparately from this report in\aS Excel™ workbook

entitled: Interim and Longerm Credit Supply and Demand Comparisons

The inability for BMP system & achieve the total phosphorus load allocatmoall areaswith
what wa considered to be an overly optimistic implementation plan for croplands limits the
ability to generate longerm phosphorus credits for some of the 40 subwatersheds.
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Table Il -3. BMP system3 list of individual BMPs applied for each crop rotation by year of application.

Rotation Edge-of-
4 Crop Crop Crop Crop Crop Crop Crop Crop ﬁ% Id
1 Corn Grain Com Silage | Corn silage A!falfa Alfalfa Alfalfa Alfalfa Alfalfa Buffer

(svt) (cc)(svt) (cc) seeding (sfc)
Alfalfa . .
2 Seeding Alfalfa Alfalfa Alfalfa Corn Grain | Corn Silage Buffer
(svt) (svt)(cc)
(svt)
Alfalfa . .
3 Seeding Alfalfa Alfalfa Alfalfa Com Silage | Com Silage | Soybean | oy | Buffer
(sfc) (cc)(swvt) (cc)(swt) (svt)
Corn Grain Corn Grain Soybean
4 (no) (n) (nt) Wheat (nt) Buffer
Corn Silage Wheat Corn silage Alfalfa
5 (sv) (n)(cc) (n)(cc) seeding Alfalfa Alfalfa Alfalfa Buffer
Corn Silage | Corn Silage
Alfalfa Corn Silage | Corn Silage (winter rye (winter rye
6 Seeding Alfalfa Alfalfa Alfalfa (scl) (scl) ond crop) ond crop) Buffer
(sfc) (sfc)
. Corn silage . Corn silage
Corn silage . Corn silage .
7 (cc)(nt) (inter- (cc)(nt) (inter- Buffer
rye)(nt) rye)(nt)

svt = Spring verticalil; nt = No-till; inter rye = Interseeded winter rye cover crop = Fall seeded cover crop; sfc = Spring field

cultivation; scl = Spring chisel plow
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Table Il -4. Total phosphorus reduction estimates focroplands in each HUG12 subwatershedshaded red boxes emphasis where TMDL load allocations cannot be
met).

Compliance

TMDL % TP Loading for BMP with
GIS Reduction |System with Buffer & TMDL?
TMDL Analysis Goal Applied | Nut. Mgt. (65ppm to (Est. Based
Reduction | Total Area Baseline to Croplands 45ppm) on BMP

Subwatershed LA Goal (Acres) (Ibs TP/yr) (Ibs TP/yr) (Ibs TP/yr) System 3)
Plum Creek 86.0% 13,104 25,857 3,564 6,173 No
Kankapot Creek 81.8% 8,565 15,632 2,845 3,723 No
Apple Creek 78.6% 15,209 25,857 5,533 5,669 Yes
Bower Creek 83.2% 11,932 20,975 3,524 5,412 No
Trout Creek 54.9% 3,481 2,891 1,304 854 Yes
Mud Creek 39.0% 2,509 1,681 1,025 388 Yes
City of Green Bay-Fox River 74.2% 2,538 5,354 1,383 1,346 Yes
Garners Creek-Fox River 63.1% 2,548 4,543 1,677 1,065 Yes
Upper East River 83.9% 12,000 21,680 3,491 5,213 No
Lower East River 83.9% 7,911 12,921 2,080 3,187 No
Dutchman Creek 76.4% 7,073 9,676 2,283 1,963 Yes
Upper Duck Creek 76.9% 16,307 23,757 5,488 5,221 Yes
Middle Duck Creek 76.9% 6,672 10,470 2,418 2,392 Yes
Lower Duck Creek 76.9% 3695 3,924 906 1,107 No
Oneida Creek 76.9% 7,773 8,203 1,895 2,060 No
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Dead Horse Bay-Frontal 60.7% 294 187 73 54 Yes
Green Bay

Point du Sable-Frontal Green 60.7% 4,342 7,860 3,089 1,516 Yes
Bay

Little Lake Butte des Mortes 66.7% 4,748 7,651 2,548 1,825 Yes
Baird Creek 80.4% 5,574 8,519 1,670 1,915 No
Ashwaubenon Creek 74.0% 9,916 11,844 3,079 2,711 Yes

Table Il -5. Total suspendedsolids reduction estimates for each HU€12 subwatershedshaded red boxes emphasis where TMDL load allocations cannot be met).

TMDL %
GIS Reduction
TSSTMF)L Total Analy§|s Goal Applied Total Sum BMP
Reduction Area Baseline | to Croplands System TSS Loading| Compliance
Subwatershed LA Goal (Acres) | (Tonslyr) (Tonglyr) (Tonslyr) with TMDL?
Plum Creek 74.6% 13104 2465 626 256 Yes
Kankapot Creek 67.4% 8565 1412 460 145 Yes
Apple Creek 56.1% 15209 2739 1202 257 Yes
Bower Creek 67.3% 11932 1794 587 198 Yes
Trout Creek 12.3% 3481 266 233 18 Yes
Mud Creek 8.8% 2509 339 310 33 Yes
City of Green Bay-Fox River 61.9% 2538 1651 629 173 Yes
Garners Creek-Fox River 32.4% 2548 370 250 38 Yes
Upper East River 70.6% 12000 2365 695 247 Yes
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Lower East River 70.6% 7911 1342 395 131 Yes
Dutchman Creek 35.8% 7073 1435 921 122 Yes
Upper Duck Creek 58.6% 16307 3783 1566 362 Yes
Middle Duck Creek 58.6% 6672 1680 695 169 Yes
Lower Duck Creek 58.6% 3695 584 242 50 Yes
Oneida Creek 58.6% 7773 1331 551 102 Yes
Dead Horse Bay-Frontal Green Bay 47.1% 294 28 15 2 Yes
Point du Sable-Frontal Green Bay 47.1% 4,342 1,318 697 101 Yes
Little Lake Butte des Mortes 43.2% 4,748 1,360 773 140 Yes
Baird Creek 30.4% 5,574 925 644 88 Yes
Ashwaubenon Creek 39.7% 9,916 1,774 1,069 176 Yes
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Results of BMP Implementation Reductiors for Animal Feeding Operations

The evaluation of AFO operations required a system of BMPs be developed to address the
nonpoint source loadg from production areas. ARXan release phosphorus in runoff which
comesn contact with manure at several psiaround the production aredhe AFO BMP
package assembled for this study assiithe average small AF@quires:

1 Two BMPs to limit clean water from entering areas with manure
o Providing150feet of roof gutters
o Creating 200 feet of clean water diversion swales
1 Two BMPs to improvéarnyardareas
o Providing an upgraded floor in the manure stacking area with concrete walls (the
average stacking pad area was assumed 16 060 square fegt
o Providing150 feet of undergrund outlets for directing drainage from the
barnyard to the treatment system
1 A 20,000 square foot vegetative treatment system
1 A comprehensive nutrient management plan for proper land application of manure

The AFOsources ophosphorusre controllable whout impacting production characteristics.
Therefore, the ability to meet the 2012 TMDL load allocatisrisnited only byproducer
willingness and funding constraint$ablelll -6 presents theurrent conditiorbaselins and

2012 TMDL reduction requaments for phosphorus by subwatershed for AFERO TSS
reduction stimates are not considered in this analy@i®r comparative purposes, TP results for
streambank/gully erosiaare also included in Table 18.)

Results of BMP Implementation Reductons for Streambank and Riparian Gully BMPs
Installation methods assumed ftreembank and riparian gully correction methadsumed
implementation of streambank and shorelinatgxtion NRCS Practice Standard 58D7 feet

bank height) and grassed watags (NRCS Practice Standard 412; drainage are2000

acres), respectively. The results for TP reduction estimaespresented in Table 18,

sediment reduction results are presented in Tabl& Mable I1I-7 provides botlturrent

condition basefies and 2012 TMDL reduction requirements for TSS by subwatershed for bank
erosion and gulliesonsistent with Table H6.
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Table lll -6. AFO, streambank and gullycurrent condition TP baseline and load dbcation required reductions.

AFO Load
All ocation Streambank and Streambank and
TMDL AFO Baseline Required Gully Erosion Gully Required
Reduction Load Estimate Reduction Baseline Estimate Reduction
Subwatershed Allocation Goal (Ibs TPlyr) (Ibs TP/yr) (Ibs TP/yr) (Ibs TP/yr)
Plum Creek 86.0% 650 559 1,561 1,342
Kankapot Creek 81.8% 620 507 830 679
Apple Creek 78.6% 456 358 994 781
Bower Creek 83.2% 740 616 1,227 1,021
Trout Creek 54.9% 211 116 172 94
Mud Creek 39.0% 203 79
City of Green Bay-Fox 74.2% 523 388
River
Garners Creek-Fox 63.1% 452 285 156 98
River
Upper East River 83.9% 660 554 910 763
Lower East River 83.9% 787 660 1,077 904
Dutchman Creek 76.4% 454 347
Upper Duck Creek 76.9% 715 550
Middle Duck Creek 76.9% 382 294
Lower Duck Creek 76.9% 183 141 1,476 1,135
Oneida Creek 76.9% 190 146
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Dead Horse Bay- 60.7% 207 126

Frontal Green Bay

Point du Sable-Frontal 60.7% 420 255

Green Bay

Little Lake Butte des 66.7% 361 241

Mortes

Baird Creek 80.4% 431 347 74 59
Ashwaubenon Creek 74.0% 428 317
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Table lll -7. Streambank and gully TSScurrent condition baseline estimates and TMDL reduction requirements.

Streambank and Gully
Erosion Baseline Streambank and Gully
Estimate Required Reduction
Subwatershed (tons TSSyr) (tons TSSkr)

Plum Creek 3,122 2,329
Kankapot Creek 1,659 1,118
Apple Creek 1,988 1,115
Bower Creek 2,453 1,651
Trout Creek 344 42

Garners Creek-Fox River 311 101

Upper East River 1,819 1,284
Lower East River 2,153 1,520
Lower Duck Creek 2,952 1,730
Baird Creek 148 45

TMDL Implementation Cost Estimates

One condition of th® r 0 ] e ¢ tscofjesas to ésimate thetal costto achieve the2012

TMDL agriculturalload allocation The estimate of the 2012 TMDL implementation total cost
was derived by summing all management practices used inuheescategory. The 2012

TMDL agriculturalload allocation was for adlgriculturaland rural sources. The GIS spatial
analysisthereforesubdivided the 2012 TMDL information into separate loadings for cropland,
AFOs, streambank and riparian gully sourc€bus, the total cost of the 2012 TMDL Ag load
allocationwas based on the sum afualizedcapital O&M and replacemermostsfor each

BMP working within asourcecategory Most source categories applied multiple BMPs to
achieve the desired reduction. For instance, croplands had seven different crop rotations, each
crop rotationcontans three or foudifferentcropsthat are rotated usiragfour toeightyear

cycle. Each individual cropearmay have one or more BMPs applied to protect water quality.
The entire list of BMPsised throughout the rotatiareferred to as a BMP systemthis

report. Streanank stabilization and gully erosion protection are the only two sourcethdt ¢
beaddressed by implementioge BMP (e.g., riprap or bioengineering structures for bank
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erosion and grassed waterways for gully prevention). THe@ £ost estimation process
consideredhe total cost oix BMPsimplementedas a systerto address the AFO phosphorus
releases from multiple locatioms a barnyard.The total cost for thBMP systemdor each
sourcewasthencompiled

Total coss arepresented as annualizectost based othe same lifecycle cost methods

described for WWTF demand. Thest analysis incorporated the total cost for each of the seven
rotationsof BMP systems for cropland including implementation costs, operation and
maintenance costs, and transaction costs. This approach was used bachusepland BMP

only hasa lifespan of one yegrer NRCStechnical standard lifespans

A lifecycle cost analysis was used to evaluate the cost of BMPs implemented for AFOs. This
analysis incorporated implementation costs, operation and maintenance costs, and transaction
costs for the total lifespan of each selected BMP. An inflation rate of 3.3% and nominal discount
rate of 6% (equivalent to a 2.6% real disgbrate) was applieover a 26yearspan, and the

resulting net present value was used to calculate an annualized cost ($/year).

The same lifecycle cost analysis approach was applied to deteaminnualized cost for
streanank restoration and gully stabilizatioMany BMPs have a project life that is shorter
than 20years so the BMP cost estimate includezplacing the BMP at the end of its prdjéfe
until a 20year period wa covered.

Each component BMP systewas evaluated to determing dapital and O&M costThen the
individual components were summed to deterntiieeBMPs y st e md s Tdbleltl-81 cost .
presents the BMP system annualized cost results for cropland,séfeé@ninank and gully
erosion.

Table Il -8. Total cost andannualized cost summaries for gricultural and rural nonpoint source BMP systems.

Annualized

Source| Description / life Cost
Type of practice Total Cost ($/unit)
Rotation 1/ 7 yrs. $374 $53/acre
Rotation 2/ 6 yrs. $294 $49/acre
Rotation 3/ 8 yrs. $495 $62/acre
f_-§_ Rotation 4/ 4 yrs. $309 $77/acre
8 Rotation 5/ 7 yrs. $439 $63/acre
Rotation 6 / 8 yrs. $193 $24/acre
Rotation 7 / 4 yrs. $667 $167/acre

44 | Lower Fox River Basin Water Quality Trading Economic Feasibility Assessment



AFO Complete System / $74K $8.6K/system
20 yrs.

Stream | Riprap for 4 to 7 foot $168K $18K/mile

Bank bank / 20 yrs.

Gully Grassed Waterway $971 $150/225 ft

Theestimatedotal annualcost to implement the 2012 TMDAg and rural load allocatiois
$42M. The estimate for cropland practices is an annualized co9t8M $AFO corrections are

$30.9M andstreambank and riparian gully correcti@e$1.6M.

Credit Supply Volume Calculation Considerations

The credit supply evaluation is calculated for both the interim credits anddongreditausing
computations outlireeabove TheWI DNR guidance (WI DNR, 2013a) all@for reductions
implemented to achieve compliance with WI rules NR 151 and/or the 2012 TMDL load
allocation goals to also be eligilile generaténterim credits (thoughimited to five years of
credit generatiol.  After five yearsa farm site is expected to maintain the current level of
nonpoint source loading without being able to generate credits based on these practices. At this
point in time, thenterim credits end and become the new thresioégelinefrom which
further reductions are measured against to determine the generation-ta@rlongedits.

Trade Ratio Determination to Calculate Creditsfrom Reductions

To calculate both thmterim and longterm credit generation capability of eaaftthe four rural

sourcescorrespondingoad reductions were multiplied by trade ratios developed following the

WI DNR guidanceon calculation procedures/VI DNR guidance (Wisconsin DNR, 2013a)
states that a trade ratio for TSS and phosphorus is dettty the following equation:

Where:

Trade Ratio = (Delivery + Downstream + Uncertaintyabitat Adjustment) : 1

Delivery: This factor accounts for the distance between trading partners and the impact

that this distance has on the fate and transpohedtfraded pollutant in surface
waters. This can be determined by the TMDL model information and/or the

USGS SPARROW model results where Delivery factor is equal to (one
divided by the SPARROW delivery fraction) minus 1.

Downstream: This trading factor meeded when the credit generator is located
downstream

same HUG12 watershed.

from the

credi

t

user os
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Uncertainty: This factor compensates for the multiple sources of uncertainty that
normally occur in the generatiof credits by NPSs and is specific to the BMP
or BMP system being implemented.

Habitat Adjustment: This factor applies to surface waters listeithe\WI DNR 303(d)
list. To qualify, the surface water must be listed byDWR as impaired for
the tradegollutant and the management measure or practice must address
both the traded pollutant and specific habitat impairments.

This trade ratio can never be less than 1.2wdén applied to a point to nonpoint source trade

The calculated trade ratios bybwatershed for croplanddhAFOs are presented in Talble-9.

The delivery factor was estimated by applying the delivery fraction results when using the USGS
SPARROWDecision Support Systeho determine incremental delivered yield (downstream)

The PARROW Decision Support System resuleraused instead of the 2012 TMDL SWAT

model delivey factors due to thE WAT modelng results being unavailablgAppendix C

provides the SPARROW application for this analysis.)

Severalbther trade ratidactors wee not applied in this study. The WI DN#Raff elected to use
the point of standards application for the 2012 TMDL and waters listed as impaireckforé,
the downstream factor was not appropriate. TP and T$Sassigned a zero for equivalency
factas in the WI DNR guidance document (2013@)he habitat adjustment factgp@roach is
still being considered by the WI DNRhis reduction in trade ratio wanot finalized at the time
of this writing)

Table Il -9. Cropland and AFO trade ratio development by subwatershed.

Delivery Uncertainty | Trade
Subwatershed Factor Factor Ratio
Mud Creek <0.1 2 2.0
Little Lake Butte des Mortes <0.1 2 2.0
Garners Creek <0.1 2 2.0
Dead Horse Bay-Frontal
Green Bay 0 2 2.0
Upper Duck Creek 0.3604 2 2.4
Middle Duck Creek 0.1 2 2.1
Lower Duck Creek 0 2 2.0
Oneida Creek 0.1 2 2.1
Trout Creek 0.135 2 2.1
Kankapot Creek <0.1 2 2.1
Plum Creek <0.1 2 2.0
Upper East River 0.28 2 2.3

3 USGS Decision Support System, 2002 total phosphorus model for the GreatllmkesFox River. Available

on line at:http://cida.usgs.gov/sparrow/#modelid=42
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Bower Creek 0 2 2.0
Baird Creek 0 2 2.0
Lower East River 0 2 2.0
Point du Sable-Frontal Green

Bay 0 2 2.0
Apple Creek <0.1 2 2.0
Ashwaubenon Creek <0.1 2 2.0
Dutchman Creek 0 2 2.0
City of Green Bay - Fox River 0 2 2.0

The calculated trade ratios by subwatershed for streambasikreare presented in Table-10.

Table Il -10. Streambank erosiontrade ratio development by subwatershed

Delivery | Uncertainty | Trade
Factor Factor Ratio

Subwatershed
Mud Creek <0.1 3 3.0
Little Lake Butte des Mortes <0.1 3 3.0
Garners Creek <0.1 3 3.0
Dead Horse Bay-Frontal
Green Bay 0 3 3.0
Upper Duck Creek 0.3604 3 3.4
Middle Duck Creek 0.1 3 3.1
Lower Duck Creek 0 3 3.0
Oneida Creek 0.1 3 3.1
Trout Creek 0.135 3 3.1
Kankapot Creek <0.1 3 3.1
Plum Creek <0.1 3 3.0
Upper East River 0.28 3 3.3
Bower Creek 0 3 3.0
Baird Creek 0 3 3.0
Lower East River 0 3 3.0
Point du Sable-Frontal
Green Bay 0 3 3.0
Apple Creek <0.1 3 3.0
Ashwaubenon Creek <0.1 3 3.0
Dutchman Creek 0 3 3.0
City of Green Bay - Fox
River 0 3 3.0

Interim and Long -term Credit Results
Tablelll-11 presents the results of applying these trade ratios to the wat@RBheduction
estimatego determine creditsTable IIl-12 presentgheseresultsfor TSS credits (These table
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include the Universal Credit Threshold values for informational purposes only and at the request

of GLC and PMT.)

Table Il -11. Patential phosphorus credits generated ¥ cropland BMPs (one creditoffsets orelb TP/yr dischargedby
the buyer). (A zero represents that the 2012 TMDL LA would not be achieved for croplands, a <10 value indicates the
analysis projected less than 10 credits and therefore the introduction of modeling uncertainty is too great to lise value

itself.)

Universal
Credit Number of Number of
40 Threshold Interim Long-term
Sub-HUC-12 | Trade (Ibs Potential TP | Potential TP
ID | HUC 12 Name Description Ratio | TP/acre) Credits Credits*
0 | Apple Creek Upper 2.0 2.04 8,210 0
1 | Apple Creek Lower 2.0 2.04 1,884 72
2 | Trout Creek Unimpaired 2.1 0.69 970 151
Point du Sable- 153
3 Frontal Green Bay 2.0 ) 3,172 635
4 | Plum Creek Lower 2.0 2.18 8,730 0
5 | Plum Creek Upper 2.0 2.18 643 0
6 | Plum Creek Middle 2.0 2.18 269 0
7 | Oneida Creek Unimpaired 2.1 1.24 2,925 0
8 | Mud Creek Lower 2.0 0.66 579 219
9 | Mud Creek Upper 2.0 0.66 67 26
10 | Kankapot Creek Upper 2.1 1.85 5,569 0
11 | Kankapot Creek Lower 2.1 1.85 102 0
City of Green Bay- Below De Pere 2.0 131
12 | Fox River Dam ' <10 <10
City of Green Bay- | Above De Pere 2.0 131
13 | Fox River Dam ' 2,004 13
Fox-below
Garners Creek- Middle-Appleton 2.0 1.19
14 | Fox River Dam 854 111
Garners Creek-
15 | Fox River Garners Creek 2.0 1.19 886 123
Fox-above
Garners Creek- Middle-Appleton 2.0 1.19
16 | Fox River Dam <10 <10
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17 | Upper East River 2.3 211 7,160 0
18 | Lower East River Upper 2.0 1.9 3,971 0
19 | Lower East River Lower 2.0 1.9 896 0
Middle 213
20 | Dutchman Creek Unimpaired 2.0 ' 2,772 57
21 | Dutchman Creek Lower 2.0 2.13 404 28
22 | Dutchman Creek Upper 2.0 2.13 681 44
Upper 1.72
23 | Upper Duck Creek Unimpaired 2.4 ' 5,084 78
24 | Upper Duck Creek Lower 2.4 1.72 2,640 <10
Middle Duck Lower 185
25 | Creek Unimpaired 2.1 ' 3,406 <10
Middle Duck 185
26 | Creek Upper 2.1 ' 440 <10
27 | Lower Duck Creek Lower 2.0 1.25 444 0
Dead Horse Bay- 0.53
28 | Frontal Green Bay 2.0 ' 66 <10
Little Lake Butte 116
29 | des Mortes Fox River 2.0 ' 557 50
Little Lake Butte Upper most 116
30 | des Mortes Unimpaired 2.0 ' 921 87
Little Lake Butte 116
31 | des Mortes Upper 2.0 ' 1,015 96
Little Lake Butte 116
32 | des Mortes Middle 2.0 ' 254 27
Little Lake Butte 116
33 | des Mortes Lower 2.0 ' 166 15
34 | Bower Creek Lower 2.0 181 3,414 0
35 | Bower Creek Upper 2.0 1.81 4,368 0
36 | Baird Creek Upper 2.0 2.08 3,292 0
37 | Baird Creek Lower 2.0 2.08 0
Ashwaubenon 186
38 | Creek 2.0 ' 4,566 142
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Lower Duck Creek

Unimpaired

Upper

2.0

1.25

965

Table lll -12. Potentially available interim and longterm TSS cropland credits (onecredit offsets one ton of TSS/yr

discharged by the buye}. (A <10 value indicates the analysis projected less than 10 credits and therefore the introduction

of modeling uncertainty is too great to list the value itself.)

Potential Potential
Number of Number of
Interim Long-term
40 SubHUC-12 Trade Potential TSS | Potential TSS
ID | HUC 12 Name Description Ratio Credits Credits
0 | Apple Creek Upper 2.0 1,013 345
1 | Apple Creek Lower 2.0 227 84
2 | Trout Creek Unimpaired 2.1 118 95
Point du Sable-
3 | Frontal Green Bay 2.0 608 275
4 | Plum Creek Lower 2.0 1,003 149
5 | Plum Creek Upper 2.0 70 12
6 | Plum Creek Middle 2.0 31 <10
7 | Oneida Creek Un-impaired 2.1 585 198
8 | Mud Creek Lower 2.0 137 112
9 | Mud Creek Upper 2.0 16 13
10 | Kankapot Creek Upper 21 593 132
11 | Kankapot Creek Lower 2.1 11 <10
City of_ Green Bay- Below De Pere 2.0 <10 <10
12 | Fox River Dam
City of Green Bay- Above De Pere 2.0
13 | Fox River Dam 738 204
Garners Creek-Fox Fox-below Middle- 20
14 | River Appleton Dam ' 83 47
Garners Creek-Fox 20
15 | River Garners Creek ' 83 48
Garners Creek-Fox Fox-above Middle-
16 | River Appleton Dam 2.0 <10 <10
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17 | Upper East River 2.3 921 175
18 | Lower East River Upper 2.0 497 98
19 | Lower East River Lower 2.0 109 22
20 | Dutchman Creek Middle un-impaired 2.0 478 263
21 | Dutchman Creek Lower 2.0 67 39
22 | Dutchman Creek Upper 2.0 115 66
23 | Upper Duck Creek Upper Unimpaired 2.4 932 298
24 | Upper Duck Creek Lower 2.4 493 155
25 | Middle Duck Creek Lower Unimpaired 2.1 636 199
26 | Middle Duck Creek Upper 2.1 83 27
27 | Lower Duck Creek Lower 2.0 90 32
Dead Horse Bay-
28 | Frontal Green Bay 2.0 13 <10
Little Lake Butte des
29 | Mortes Fox River 2.0 117 54
Little Lake Butte des Upper most
30 | Mortes Unimpaired 2.0 190 88
Little Lake Butte des
31 | Mortes Upper 2.0 215 100
Little Lake Butte des
32 | Mortes Middle 2.0 52 24
Little Lake Butte des
33 | Mortes Lower 2.0 35 16
34 | Bower Creek Lower 2.0 348 76
35 | Bower Creek Upper 2.0 449 97
36 | Baird Creek Upper 2.0 418 251
37 | Baird Creek Lower 2.0 <10 <10
38 | Ashwaubenon Creek 2.0 799 403
39 | Lower Duck Creek Upper Unimpaired 2.0 177 56
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Credit Price Point Determination

The creditprice pointdor rural nonpoint source credits meeestimated using a process similar to
theWWTFde mand eval uat i o based onhigh, hadum and lewprce poist p a 'y
ranges As such, potential credits wesorted intsimilar price pointranges. This method
facilitatedan easier comparison of the demand for credits at a given cost with the credits
available that providitan economic benefitAs such, e rural phosphorus and sediment
reduction costs were transformed intoannualizedinit cost format (i.e., $/BTP/yr and $/ton
TSS/yr). The same lifecycle cost assumptions used in the demand analysis were applied (i.e.,
conversion to 2/ear project life, a 3.% inflation rate, a 8 nominal discount factor). In
addition, crediprice pointancluded the consideration of a 10% transaction fee and the trade
ratio application (which translates predicted reductions into credits)

Tablelll-13 presents the credit supply generatiwite pointrangedor phosphorugand Table
[Il-14 presents the credit supgsice pointranges folfSS

Table Il -13. High, medium and low creditprice point ranges for Ag and rural phosphorus credit generation capabilities.

Rural TP Credit Generation Price Point Rangesat a
2 : 1Trade Ratio

Credit Price Point Range(& (assumes full cost of practicesis compensated)

Credit Generation Source ($/TP Credit)

Low (Cropland Rotations 3, 6, 7 &

Gully protection®) $1410 $95
Medium (Cropland Rotations 1%, 2

& Streambank protection) $101 to $188
High (Cropland Rotations 4 & 5") $200 to $233
AFOs (extremely high)® $7,900

"L owestBMP system price point irange.
2AFO average annualized unit costs are typically above WPDES demand costs and therefore are not used in the low, medium and
high ranges as they would mask the cost of other credits generated by cropléinesprac

Table lll -14. High, medium and low creditprice point ranges for Ag and rural TSS credit generation capabilities.

Rural TSSCredit Generation Price Point Rangesat a

Credit Price PointRange 2 : 1 Trade Ratio
(& Credit Generation (assunes full cost of practicess compensated)
Source ($/TSS Credit)

Low (Cropland Rotation 6 &

i 14 151
Gully protection®) $14 to $15

Medium (Cropland Rotations 1, $188 to $539
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3, 7 & Streambank Protection’)

High (Cropland Rotation 2", 4 &

5) $634 to $1546

AFOs estimates not available

' owestBMP system price poirih range.

The capability to produce affordable credits is dictated by the willingness of the credit generator
to install the BMPs, the capability of the BMP system to reduce the water quality parameter of
interest, and the cost of the BMP system. Price points for phosphorus reductions in the LFRW
were high in these regards (i.e., one to three orders of magnitudpaed to other similar
programs generating nonpoint source credits. For instance, Fang (2005) estimated that Rahr
Malting Company in Minnesota was trading for phosphorus reductions at an estimated price of
$6.14 per unit. Likewise, the Great Miami RiWwater Quality Trading program has purchased
nitrogen and phosphorus credits for future trading at less than $2.00 per combinéd dreelit
higher prices in the LFRW are potentially due to several factors that constrain the ability for
reductions withirthis watershed. fie first factor relates to trading guidance and 2012 TMDL
requirements that reduce available credit supply with trade eatobsalibrationof predicted
cumulative watershed loado TMDL loads.

The second factaelated toagricultual watershed characteristics. The watershed raga

numberof acres that are used to generate alfalfa. Alfalfa is a perennial crop that is not associated
with high erosion rates or large amounts of runoff. Another factor is the large percent of land
that has flat or gentle slopes. Low slopes are less erodible and sometimes can have low
connectivity regarding runoff. Finally, the dairy production demand for corn silage creates
challenges for inexpensive reductions on silage fields. Corn silageap #hat needs most of

the growing season in northern latitudes of the Midwest. In addition, harvesting corn silage for
feedstock removes most of the plant material from the field. The practices that can protect water
quality in silage acres must woakound the remaining short growing period left after harvest, or

be introduced before harvest or at the edigkeld. These types of practices are typically more
expensive and some take land out of production.

Thesummary othe ruraltotal TPcredit supply by40 subHUC-12 watersheds broken out by
cost rangsis providedin Tables I11-15 andlll -16 for interim and longerm creditsrespectively.
Thesummary otherural total TSScredit supply byl0 subHUC-12 watersheds broken out by
cost rangeis providedin Tableslll -17 andlll -18 for interim and longerm creditsyespectively.
Of interest is the noticeable number of $4l0C-12 watersheds that cannot produce ergn
TP credits, particularly in Table 16.

“Personal communication with Douglas fADustyo Hall, forn
Trading Program Manager, October 2008.
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Table lll -15. Rural interim TP credit supply by price ranges for 2 to 1 trade ratios.

Sub- Low Price Medium High Price
HUC-12 Range Price Range Range
HUC 12 Name ID (< $95) (<$188) (<$233) | Total
Apple Creek 0 4517 2,261 2,050 8,829
Appe Creek 1 1,386 576 298 2,259
Trout Creek 2 403 222 517 1,142
Point du Sabld-rontal Green Bay| 3 2,190 346 636 3,172
Plum Creek 4 4,782 3,601 1,642 10,025
Plum Creek 5 423 70 176 669
Plum Creek 6 137 320 52 508
Oneida Creek 7 1,558 244 1,122 2,925
Mud Creek 8 155 22 403 579
Mud Creek 9 14 - 48 62
Kankapot Creek 10 3,236 1,337 1,578 6,151
Kankapot Creek 11 52 249 45 346
City of Green Balfox River 12 - - - 0
City of Green Balfox River 13 810 277 917 2,004
Garners Creekox River 14 478 157 219 854
Garners Creekox River 15 417 181 444 1,042
Garners Creekox River 16 - - - 0
Upper East River 17 3,860 2,509 1,701 8,070
Lower East River 18 2,280 1,656 1,112 5,048
Lower East River 19 534 125 236 896
Dutchman Creek 20 1,864 470 438 2,772
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Duchman Creek 21 268 47 88 404
Dutchman Creek 22 511 96 74 681
Upper Duck Creek 23 2,576 646 1,863 5,084
Upper Duck Creek 24 1,238 387 1,014 2,640
Middle Duck Creek 25 1,595 676 1,135 3,406
Middle Duck Creek 26 232 66 142 440
Lower Duck Creek 27 191 288 241 720
Dead Horse Bakrontal Green Bay 28 32 - 28 60
Little Lake Butte des Mortes 29 142 47 364 553
Little Lake Butte des Mortes 30 195 55 667 916
Little Lake Butte des Mortes 31 377 58 580 1,015
Little Lake Butte des Mortes 32 59 - 188 248
Little Lake Butte des Mortes 33 34 20 105 159
Bower Creek 34 1,709 938 1,048 3,695
Bower Creek 35 1,994 1,704 1,615 5,314
Baird Creek 36 1,904 645 743 3,292
Baird Creek 37 4 70 - 74
Ashwaubenon Creek 38 2,748 788 1,030 4,566
Lower Duck Creek 39 619 1,282 262 2,164
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Table lll -16. Rural long-term TP credit supply by price ranges for 2 to 1 trade ratios.

Low Medium
Price Price High Price
Sub-HUC- | Range Range Range
HUC 12 Name 121D (< $95) | (<%$188) (<$233) Total
Apple Creek 0 7 126 - 132
Apple Creek 1 56 85 11 152
Trout Creek 2 65 83 81 229
Point du Sabld-rontal Green Bay 3 438 69 127 635
Plum Creek 4 9 172 - 181
Plum Creek 5 0 3 - 4
Plum Creek 6 2 32 - 34
Oneida Creek 7 - - - -
Mud Creek 8 59 8 153 219
Mud Creek 9 5 - 19 24
Kankapot Creek 10 5 101 - 106
Kankapot Creek 11 2 43 - 45
City of Green Balfox River 12 - - - -
City of Green Balfox River 13 5 2 6 13
Garners Creekox River 14 62 20 28 111
Garners Creekox River 15 60 59 62 181
Garners Creekox River 16 - - - -
Upper East River 17 7 139 - 147
Lower East River 18 9 165 - 173
Lower East River 19 - - - -
Dutchman Creek 20 38 10 9 57
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Dutchman Creek 21 19 3 6 28
Dutchman Creek 22 33 6 5 44
Upper Duck Creek 23 40 10 29 78
Upper Duck Creek 24 4 1 3 9
Middle Duck Creek 25 3 1 2 6
Middle Duck Creek 26 2 1 1 4
Lower Duck Creek 27 3 61 - 64
Dead Horse Balrontal Green Bay 28 3 - 3 6
Little Lake Butte des Mortes 29 13 4 33 49
Little Lake Butte des Mortes 30 18 5 63 87
Little Lake Butte des Mortes 31 36 5 55 96
Little Lake Butte des Mortes 32 6 - 20 26
Little Lake Butte des Mortes 33 3 2 10 14
Bower Creek 34 2 45 - 47
Bower Creek 35 8 151 - 159
Baird Creek 36 - - = -
Baird Creek 37 1 14 - 15
Ashwaubenon Creek 38 85 25 32 142
Lower Duck Creek 39 14 263 - 277
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Table lll -17. Rural interim TSS credit supply by price ranges for 2 to 1 trade ratios.

Low Medium
Price Price High Price
Sub-HUC- | Range Range Range

HUC 12 Name 121D (<$188) | (<$544) (<%$1,563) Total
Apple Creek 0 180 1,711 360 2,252

Apple Creek 1 57 869 53 978

Trout Creek 2 21 371 70 462

Point du Sablé-rontal Green Bay 3 78 359 172 608
Plum Creek 4 261 3,002 331 3,594

Plum Creek 5 13 89 20 123

Plum Ceek 6 25 472 14 510
Oneida Creek 7 32 297 257 585

Mud Creek 8 1 39 97 137

Mud Creek 9 0 4 12 16
Kankapot Creek 10 100 1,441 215 1,756
Kankapot Creek 11 25 476 5 506

City of Green Balfox River 12 - 0 1 1

City of Green Balfox River 13 78 283 377 738

Garners Creekox River 14 10 41 32 83
Garners Creekox River 15 17 334 42 394

Garners Creekox River 16 - - 0 0

Upper East River 17 219 2,191 330 2,740
Lower East River 18 143 2,307 199 2,649
Lower East River 19 9 61 39 109
Dutchman Creek 20 69 285 124 478
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Dutchman Creek 21 2 46 20 67
Dutchman Creek 22 9 88 18 115
Upper Duck Creek 23 62 474 396 932
Upper Duck Creek 24 41 233 220 493
Middle Duck Creek 25 52 330 254 636
Middle Duck Creek 26 5 43 35 83
Lower Duck Creek 27 30 557 56 643
DeadHorse BayFrontal Green Bay 28 0 6 6 13
Little Lake Butte des Mortes 29 1 33 83 117
Little Lake Butte des Mortes 30 1 44 146 190
Little Lake Butte des Mortes 31 3 81 131 215
Little Lake Butte des Mortes 32 0 13 38 52
Little Lake Butte des Mortes 33 0 13 22 35
Bower Creek 34 60 700 150 910

Bower Creek 35 136 1,985 219 2,341
Baird Creek 36 43 235 140 418
Baird Creek 37 8 141 0 150
Ashwaubenon Creek 38 168 373 258 799

Lower Duck Creek 39 127 2,385 64 2,576
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Table lll -18. Rural long-term TSS credit supply byprice ranges for 2 to 1 trade ratios.

Low Medium
Price Price High Price
Sub-HUC- | Range Range Range

HUC 12 Name 121D (<$188) | (<$544) (<%$1,563) Total
Apple Creek 0 67 698 123 888
AppleCreek 1 24 370 19 413

Trout Creek 2 18 323 56 397

Point du Sablé-rontal Green Bay 3 35 162 78 275
Plum Creek 4 52 706 49 807

Plum Creek 5 3 19 4 26

Plum Creek 6 6 118 2 126
Oneida Creek 7 11 100 87 198

Mud Creek 8 1 31 79 112

Mud Creek 9 0 3 10 13
Kankapot Creek 10 28 435 48 511
Kankapot Creek 11 8 155 1 164

City of Green Balfox River 12 - - - -

City of Green Balfox River 13 22 78 104 204

Garners Creekox River 14 6 23 18 47
Garners Creekox River 15 11 222 24 258

Garners Creekox River 16 - - - -

Upper East River 17 51 596 63 710
Lower East River 18 39 653 39 730

Lower East River 19 2 12 8 22
Apple Creek 0 38 157 68 263
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Apple Creek 1 1 27 11 39

Trout Creek 2 5 51 10 66

Point du Sablé-rontal Green Bay 3 20 152 127 298

Plum Creek 4 13 73 69 155

Plum Creek 5 16 103 79 199

Plum Creek 6 1 14 11 27

Oneida Creek 7 12 229 20 261

Mud Creek 8 0 3 3 6

Mud Creek 9 0 15 39 54

Kankapot Creek 10 0 20 68 88

Kankapot Creek 11 1 38 61 100

City of Green Balfox River 12 0 6 18 24

City ofGreen BayFox River 13 0 6 10 16

Garners Creekox River 14 16 211 33 260

Garners Creekox River 15 40 628 47 715

Garners Creekox River 16 26 141 84 251

Upper East River 17 6 98 0 104

Lower East River 18 85 188 130 403
Lower East River 19 52 977 20 1,049

WWTF Credit Supply

Credit supply potential from permitted WWTFs was initiatitended to be part of the project

analysis. Howevegccess tdacility specific informatiorwas limited by time and resource

constraints at the offices where regsdsr information were submitted.imitations on

available design datspeciallyprecluded he Pr oj ect Team from foreca
ability to generate credits. Using the digge and factsheet data that werevided to estimate

a f aci ltyitottrgad eeyordbvhat is required would have beerspeculative to present
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At the WWTF inperson meetindield on November 17, 2014 in Appleton, Wisconeime
representative indicated that their administration was currently evaluatinghfiiyr to

generate credits. This type of evaluation is strongly encouraged. Municipal and industrial
WWTFs may become an affordable source of TP credite treatment costs for WWTFs can

be substantially lower than the treatment costs associated with MS4 iBlgibtae

circumstances. For instance, the medium cost range for WWTblall-5 is $42/Ib TP

compared to the low range unit cost for MS4 facilities in Table 10 of $880/Ib of TP. In addition,
the trade rati@pplied to this type of credit generatiooutd beaslow asl.2 to 1 formany

locations in the LFRW Trades that use WWTF generation of TSS credits should also be
evaluated.

Considerations andRecommendations forOther Potential Credit Suppliers

Considerations and recommendations for othergiharsis and TSS source types capable of
producing credits werngreliminarily developed Other source types includeegulated and

unreguated urban stormwater sources, channelized ephemeral flows during snow melt and large
storm eventswetland creation aestoration, and phosphorus reduction activities located in and
above the subwatersheds of Lake Winnebagany of these source typasd BMP options

were considered by the Agricultural Oversight Committee to contribute or reduce sizeable
nonpoint sourcéads to the LFRW.

These sourceareincorporated into the credit supply discusgiordentify information gaps,
high-potential approaches to resolve the gaps, and appropriate modeling efforts to consider
regardingassessment of futuoeeditgeneration

Urban stormwater: To generate credits from urban stormwater soysmgeral issues must be
addressed. Orniavolvesestablishing a credit generation threshold for unpermittedsi&ibre

they are eligible to generate credis.second issue is theeedto develop an efficient means of
estimating discharged loading in comparison to the allocated loading in the 2012 TMDL. This
includes how future growth is managed. Finally, the WI DiRild need t@approve methods
used to address these concexrnisvell & a credit estimation method.

Channelized ephemeral flow in fieldsSpring time snow melt and large summer storm events
cancreate wideshallow channelized flows across cropped fields. Producers that land apply
manure before snow melt or frost ouhddions often are thought to place some of the
applications in these flowaths The flows do not create gullies, but can create rills and carry
soluble nutrients off the fidl The Agricultural Oversight Submmittee recogniz€BMPs like
grassed waterays would address this souredthoughthe current version of SnapPlus does not
estimate the nutrient reductioasing this BMP This type of BMP estimatiooould identify
additional interim credits (i.e., addressing channelized flow is required undef5il). A WI

DNR approved credit estimation methodikely needed for this source to become creditable.
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Wetland creation or restoration: Wetlands are aappropriateBMP for some producers.
Producers whadentify some of their cropland in operatiasmarginal may consider

implementing wetlands for hunting and other recreation purposes. This type of activity can be
consideredhs areplacement of infield BMP# an approved credit estimation method determines
it is equivalent to treatment efficiencies infield options.

Phosphorus reduction activities located in and above Lake Winnebag®he contributing

watershed to Lake Winnebago and the internal loading of nutrients contribute to theimg load

in the LFRW. Loading reductions for these sourcesiwithpr ove t he Lakeds qual
potentiallyreduce the loading coming out of the Lake at the headwaters of the Lower Fox River.

The USGS is leading an assessnpgoject determining the hydrology, water quality and

response to simulated changes in phogghtinading of the Winnebago Pool Lakdhe

findingsof this study should be of value to assist with the determination of the nutrient

attenuation characteristics of the system.

Nonpoint source loading from lands above Lake Winnebago, could have aai@k#on of
delivery factor discounts depending on the flow regime and residence times in the Lake. A
better understanding of the nutrient cycle is strongly recamdeabefore entertaining potential
credit opportunitiefrom upland sources in the Updeox River watershed. Likewise,
understanding the internal nutrient dynamsosecessary to address credit supplies from
practices like lake bottom dredging and alum addition. These practices not only require an
approvable credit estimation method, the wide range of potential variability in loading from
yearto-year necessitates that the method must be grounded on the lake hydrology and
associated nutrient cycling dynamics at different flow regimes.
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V. COMPARISON OF DEMAND AND SUPPLY

Comparisorof WQT credit demand with suppfyndamentallyidentifies the viaility of a

LFRW trading program in the context of prevailing assumptions and constreegsilts of this
determination can be used to inform tdmgoingdevelopment process ol &RW trading
framework. The comparison evaluatio@recontains two distinct criteria that when achieved
create the foundation for a robust WQT prograrhe first criterion is the ratio of credit supply
to demand. When programs have a ratio that is well balamaedlects a relatively large
number of potential credit supgtscompared to demand, itusually a strongndicator of the
potential for sizable participation in WQE well as economic and environmental benefits

The potential for large credit sply can ease some of the anxiety that buyers have when
engaging in a new market. One wach asupply assists market confidence is by increasing the
potential number of credit generators who are willing to participate in the mpdtentially
controlling credit costsln addition, large to moderateeditvolumes allow buyers to evaluate if
compliance can be obtained solely by using tradingyamplementing a combination of
trading and an affordable upgrade, Hbwever sufficient longterm credis are not available to
provide for a relativelyow risk use ofacombined upgrade and tradjrigen trading may not be
attractiveandbr be quitelimiting for buying seeking trading reliébr longer compliance
schedules.Though he results of this studyere not able to obtain individual facility planning
and intentionsthey @n inform entitie®f potential trading options as thegter their own
planning process. To summar,ziee first criterion fohowthe supply to demand ratio can be
used, the wdeer the supply to demand is, the higher the likelihood that WQT will not be
perceived as beneficial by buyers.

The second criterion evaluates the cost differenttat exisbetween credit price points and the

buyer upgrade unit costhis criterion hforms the buyers regarding the potential cost savings
availablewith trading If a costeffective margin is notvident,then the ability tdrade water

quality credits will be limited or perhaps might not exi§tthere is a smaltost margin between
acredit supplierds price poi n,thelenefitsafdnf@dl buyer 0 ¢
upgradeare likely to look moréavorable. Unfavorable cost margins defined in this study were
determined by assuming a cost savings of less than 25 pefd¢katupgrade unit costould not

attractiveto buyers

Comparison of Demand and Supply Method

Project Team assessmentloé first criterion for supply and demand comparssomolved the
following steps:

1 Review of sipply and demand comparison methlodges
1 Comparison of totadupplyanddemand
1 Mapping demand and supply in the LFRW
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Review of Supply and Demandviethods

The initial effort in this portion of theevaluation wa to compare the credit supply directly with
the amount of reduction required the 2012 TMDL for WWTFs and MS4s. The second step in
the evaluation involved Project Team discussions with the PMT to gather their input regarding
the assumptions and methods being prop&setthis comparison A conference call was held to
review theapproach for these effortsThe PMTagreed to a method that compaasailable

credit supply to the WWTF and MS4 demand by using a range of low, medium, and high
annualized unit cas. The annualized unit costsmestablishedbased on the lifeycle cost
analysis explained iSection Il of this report The same lifeycle cost assumptions were used
for all unit cost estimateer credits(i.e., conversion to 2@ear project life, a 3.3 percent

inflation rate, and a 6 percent nominal discount factoradutition,total credit costs includ

the consideration of a 10% transaction fee and the trade ratio. Finally, the volume of credit
supply was grouped into three credit price points and compared with the WWTF upgrade and
MS4 implementation unit cost raeg of high, medium and low.

Credit Supply Volume and Demand Comparison

The list of potential buyers consisted 10 WWTFs facingupgrade costs and the complete list of
25 permitted MS4 entities fang at least a 30 percent reduction requiremeniP and TSS
reduction requirements raing from 28.5 to 65.2 percentAssociated TP and TSS demand for
these entitiebasinwide versus interim and lonterm credit supply for both TP and TSS is
provided in TabldaV-1.

Table IV-1. Annual LFRW basin-wide credit demand (reductions) and rural credit supply estimates.

Basin Wide Comparison of Annual Demand and Supply

Buyer TP Reduction (Ibs TP) TSS Reduction (tons TSS)
All Identified
WWTFs 144,399 -t

Ten Facilities
Identified with
Short Term 68,656
Reduction
Potential Demand

MS4s 32,805 10,960
Potential Potential for | Potential For Potential For
Credit For Interim | Long-term TP | Interim TSS | Long-term TSS
Supplier TP Credits Credits Credits Credits
Cropland 84,306 1,996 12,555 4,265
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Streambank & 5519 1,599 16,949 6,013
Gully
AFO 5,876 1,424

To be determined by the WWTF

TablelV-1 results indicateample shorterm (interim)TP credit supplyfor WWTFs, however,
shortages for longerm TP credits Similar TP supply conditions are evident for MS4s, while
TSS may be the most robust trading opportunity between MS4s ahdanpmirt sources.

Trading program managerareuse thiscomparativenformation tobroadlyinform policies. For
instancethis basinwide comparison tableould be usetb assist thos&/WTFs with the

greatest financiatompliancehardship. Thisnightinvoketrading framework considerations that
restricttrading to conditions that combine trading with mandayetyaffordable upgrades and/or
requirethatupgrades be prioritized above trading whenever the costs are economically
achievable.

Though nformative, thishasin summargertainlydoes not illustrate the compson of credit
availability for buyers bygubHUC-12 waersheds. Table P2 thus illustrates results fawo
subwatersheds that are restricted by 303(d) listings for phosphbnesenavesubstantially
more reduction requirements feiS4sthanthere ardong-termcredits because of restrictions
with point ofwaterquality standards applicatian In this tablethe MS4 entities discharging to
either impaired waterbody (Ashwaubenon Creek or Mud Creek) hageastially limited credit
supply to meet the 2012 TMDL load reduction goals thradgit (though fully offsettingall
MS4 stormwatereductionswith rural credits is ndbeingsuggested here)Figure I\V1a andV -
1bfor Appleton and De PemdS4 footprints illustrate both bw City stormwater dischargato
receiving waters and the eligible credit generating watersheds for those discharges.

Table IV-2. Mud Creek and Ashwaubenon Creek MS4 buyer reduction requirements compared taral long-term credit
generation potential.

Long-term TP Estimated Loading
Credit Supply Reduction
Estimate Requirement
Creek (Ibslyr) City (Ibs TP/yr)
Ashwaubenon 157
De Pere 414
Ashwaubenon Creek 142
Hobart 292
Total 863
Creek City : :
Long-term TP Estimated Loading
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Credit Supply Reduction
Estimate Requirement
(Ibs/yr) (Ibs TP/yr)
Appleton 288
Grand Chute 1,696
Mud Creek 243 Greenville 696
T. Menasha 368
Total 3,048

Foridentified WWTFs potentiallyseekingVQT opportunitiesthere are alssizeable
differences irterms ofeligible credit generation areparticularly in the upper watershedhe
use of upstream credit generation as well as poiwatér qualitystandards apjgations under
the 2012 TMDLdid reduce some of the supply to demand imbalancthése as depicted by
comparingFigures 1\V2a and bandIV-3. WWTFs located further domstreanmayhave
substantially more eligible credit generation area availabillieemfor supply
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Figure IV-1a-b. a) Appleton and b) De Pere MS4 footprint and eligible subwatershed boundari¢shaded areas in gray are ineligible for generating credits for these
buyers).
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