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To address impairmestin:

Bass Creek, Bonne Femme Creek and Turkey €HEKC: 10300102902
Gans Creek and Little Bonne Femme CredkIC: 10300162903

Prepared by Boone County Resource Management and Project Partners
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Greater Bonne Femme Watershdshsed Plan: AppendiRA
Existing Environmental Protections

Protective measures primarily existthre form of local government regulations. The Missouri

Department of Natural Resources (MDNR), as mandated by the Environmental Protection Agency,
regulates small municipal separate storm sewer systems (MS4s). The University of Missouri (MU), City of
Colunbia, and Boone County are jointly permitted as an MS4. The MDNR defimasicpal separate

storm sewer system as a conveyance or system of conveyances (roads with drainage systems, municipal
streets, catch basins, curbs, gutters, ditches, made channks, storm drains, etc.) that are owned or
operated by a public entity.

The City of Columbia and Boone County have adopted comprehensive stormwater management
regulations. Those regulations address land disturbance, post development stormwater management
and illicit discharges of pollutants into waterways within their jurisdictions. MU also has a
comprehensive stormwater program. Unlike the City and County, MU does not have the authority or
need to adopt ordinances. Instead, the University relies on adtraiige policy to enact stormwater
controls.

Stream Buffer Regulations

New and redevelopment within unincorporated Boone County, and new development within the City of
Columbia, are required to set aside land which borders streams having at least 5@ gaireng to

them. Both the City and County measure their buffers from the ordinary-Wagler mark of the channel
which then extends a certain distance outward on both sides of the stream depending on stream type.
Stream type is determined by the mannarwhich the stream is depicted on a United States Geological
Survey 7.5 minute series topographical map. Additional buffer width may be added due to adjacent
slope steepness (see table below).

The stream buffer is divided into two sections: the streat@sione and outer zone. The function of the

streamside zone is to protect the physical, biological, and ecological integrity of the stream ecosystem.
The outer zone prevents encroachment into the streamside zone and filters runoff from development.
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City of Columbia and Boone County Stream Buffer Ordinances

Streamside Zone Outer Zone**
Stream Type I* Type II* Type III* Type I* Type II* Type IlI*
Types
Width 50 25 15 50 25 15
Vegetation | Native Vegetation Type F Native Vegetation

Type IF Managed Lawns Permissible
Type IIF Managed Lawns Permissible
Uses Flood control, foot and bicycle paths, ro§ Alluses allowed in the Streamside Zone
crossings, utility crossings, stream or hard-surfaced biking/hiking paths,
stream bank restoration and restoration| detention/retention structures, utility

of native vegetation corridors, stormwater BMPs, residential
yards, landscaped areas
Function Protect the physical and ecological Protect key components of the stream
integrity of the streanecosystem and filter and slow velocity of water
runoff

* Type 1 = perennial streams symbolized by a solid blue line; Type 2 = intermittent streams symbolized by a dashed
blue line; Type 3 = drainages not symbolizedop Q | { D{ (2 LJ323ANF LIKAOIf |jdzZr RN} y3f $§
greater than 50 acres.

**The outer zone may increase up to 50 feet for slopes greater than 25%.

h@SNBASG 2F . 22yS [/ 2dzyieQa {d2NXgl GSNJ alyl3ISySyi
Boone County adopted a stormwater management ordinance and stormwater design manual, which

was effective April 15, 2010. Boone County Resource Management is responsible for enforcement of the
Coui@ Qa & GNXBI Y 0dzFF¥SNI Iy RernasiomMéfes mahdided NRA GolnwOS & @ |
includes maintenance, inspection, and water quality management procedures foecpostruction best
management practices (BMPSs). As property is developed, coveneagements, and maintenance

agreements are required to be in place prior to recording any final plats.

Section 4.6 of the stormwater ordinance provides enhanced criteria for environmentally sensitive areas.
The land disturbance threshold is lowered3®00 square feet and additional protections are required

for development near sinkholes, springs, caves, Type | streams per the stream buffer ordinance,
gaining/losing streams, Outstanding State Resource Waters, and jurisdictional wetlands.

22y S & Sodnyvatér @dinance establishes minimum stormwater management requirements
and controls to protect and safeguard the general health, safety, and welfare of the public. This
ordinance is intended to meet that purpose through the following objectives:
(1) Minimize increases in stormwater runoff from any development in order to reduce flooding,
siltation and stream bank erosion and stream channel degradation.
(2) Minimize increases in nonpoint source pollution caused by stormwater runoff from
developmentwhich would otherwise degrade local water quality.
(3) Minimize the total annual volume of surface water runoff which flows from any specific site
during and following development to not exceed the predevelopment hydrologic regime to the
maximum extent pacticable.
(4) Reduce stormwater runoff rates and volumes, soil erosion and nonpoint source pollution,
wherever possible, through stormwater management controls and to ensure that these
management controls are properly maintained and pose no threat tdipshfety.
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h@SNBASSG 2F GKS /AGe 2F [/ 2tdzYoAl Qa {G2N¥Ygl GSNJ aly
¢CKS /AGe 2F [/ 2fdzYoAl Qa adGd2NXslFGSNI 2NRAYIFYyOS LI aas
Ff2y3 6AGK ¢KS /Ade 2F [/ 2ftdzYoAl Qaanpahi2 NYél G6SNJ al yI

WeKS LlzN1}2asS 2F (GKS /Ade 2F [/ 2fdzyYoAl Qa aAdGd2N¥gl (SN
1 Protect the health, safety, and property of the people of Columbia by regulating the
disturbance of land surface arebg preserving trees, preventing erosion on disturbed areas,
and controlling stormwater drainage.
9 Assure that consideration is given to the preservation and restoration of natural features in
the grading or development of public and private land.
9 Assure that proper provisions are made regarding control of sedimestglting from rainfall
on graded areas, and that adequate facilities are constructed for the management of
stormwater.
Assure the movement of emergency vehicles during storm periods.
Protect the public from rapidly flowing water and flash floods.
Minimize storm and flood losses resulting from uncontrolled runoff.
Establish requirements for construction of stormwater management facilities in newly
developed areas.
9 Establish reasonable stormwater utility charges to enable the stormwater utility velde
and maintain a stormwater management systein.]

= =4 =4 =4

The City of Columbia also promulgates rules to protect water quality and prevent stream degradation in
new and redevelopment.

The City of Columbia Stormwater Management and Water Quality Manual psoflekibility to allow

stormwater management plans to be tailored to specific conditions in various Columbia watersheds for
020K RS@OSt2LIYSYyd I'yR NBRS@GSt2LIYSyd LINR2SOlad ¢KS
SYyF2N0Sa GKS [/ A& @and stdinNdbter YualidydeirbdeiNgntXaldew gelelbinent.

The Community Development Department also requires covenants and maintenance agreements for
postO2 Yy A G NHzOGA2Y . ata (2 0S NBO2NRSR Ay (GKS [/ 2dzyie
receives ad tracks annual inspection information for pesinstruction best management practices.

hdSNBASG 2F GKS [/ AGe 2F [/ 2fdzYoAl Q& GhdzNJ / 2f dzYo A |
and Stormwater

In 2019, the City of Columbia submitted t®er Colmbia Waters Integrated Management Plan for

Wastewater and Stormwatedo the Missouri Department of Natural Resources for final approval. The

goal of the Our Columbia Waters Plan is to develop adaptable and affordablelomg

recommendations thatmeetCatY 6 A I Q& 6l aGSél GSNI FyR aG2N¥gl G§SNI YI
Clean Water Act obligations to protect and improve our community waterways. The complete plan may

be viewed at como.gov/utilities/sewer/imp/report/.

Overview of the University of Misso@obzY o A F Q& { 02NX 6 §SNJ DdzA RSt Ay Sa

CKS ! YADSNEAGE 2F aAraazdiNAQa aid2NXNgl G§SN) 3dzA RSt AYS
2012 and were presented publicly in 2013. At MU, all construction projects are designed and reviewed

08 (KS a! Q& /cPlahhiugaDesigh & Gsinuktiori(SFRDC) department using the PDC

G{dzadl Ayl ofS 5SaArdy t2fA0edé ¢KAA LREtAOE AyO2NLRN
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of all facilities and infrastructure projects to the fullest extent possible, while being consistent with
budget constraints, appropriate life cycle cost analysis, and customer priorities. The policy directs MU to
meet or exceed MDNR best management practices for erosion and sedimentation control standards and
implement innovative stormwater management. MUIelgates authority to its Environmental Health

and Safety department to implement compliance with the MS4 (Municipal Separate Storm Sewer
System) permit. This delegation of authority is found in Section 7:001 (Delegation of Responsibility) of
the Universityof Missouri Business Policy and Procedures manual.

Two MU research farms, Bradford Farm and South Farm, are located within the Greater Bonne Femme
watershed. Approximately 90% of the stormwater runoff on Bradford Farm is collected in three lakes on
the farm. This allows stormwater runoff and nutrients to be captured and used for irrigation purposes.
South Farm utilizes animal lagoons to capture manure. These lagoons are maintained and pumped down
onto fields when conditions are dry enough for water tolsaa which minimizes or eliminates animal
manure runoff.

h@dSNBASSG 2F GKS /AGe 2F 1 aKtryRQa {G2N¥g G§SN wS3dz
¢CKS /AGe 2F 1 aKtFryRQa a02N¥gF GSNI NBIdzAE | GA2ya LI aa
Management and Water Quality Manual. They@stcurrently working with a consultant to update their

stormwater regulations and water quality manual.

WeKS LlzN1}2asS 2F (GKS / Ade i2tFlessed & avbiyHaQrds tap@rdoNdaad: (i S NJ
property caused by uncontrolled stormwatamoff or by obstructions to drainage and to lessen the
degradation of the quality of surface runoff.]

We¢KS /AdGe 2F !aKflyRQa 5SaA3ay / NAGSNARAI F2N {(i2N¥g
and principals for the design and construct@isurface collection and drainage systems, storm water
detention and retention systems and erosion control systems within the City of Ashland, MiS$wuri.
/| AG2Qa& ! RYAYAAUNI GAGS hFFTAOSNIPSYF2NOSa (GKS / AdGeQa

Other Stormwater anilVater-Related Permits Required by the Missouri Department of Natural
Resources (MDNR) or Army Corps of Engineers
[The Missouri Department of Natural Resources (MDNR) Water Protection Program issues site specific,
general, and stormwater permits for multéhctivities such as:
1 General construction or land disturbance activity disturbing one acre or more.
9 Discharges from regulated small (Phase II) Municipal Separate Storm Sewer Systems (MS4).
1 Construction or land disturbance activity that gmerformed by or under contract to a city,
county or other governmental jurisdiction that has a Stormwater control program for land
disturbance activities that has been approved by the Missouri Department of Natural Resources.
1 Stormwater discharges from pdoction of paper and allied products, textiles, and apparel
products, and, printing and publishing operations, and pagdy recycling, food, and kindred
products manufacturing operations.
1 Ferrous and Nonferrous foundries, casting, extrusion, rollingag&ing, and finishing,
structural steel production, light metal fabrication, electrical equipment manufacturing.
1 Stormwater runoff discharges from Primary Lumber and Wood Products Industries.
1 Stormwater runoff from facilities engaged in wood treatingeogtions.
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1 Stormwater runoff from facilities engaged in secondary processing and manufacturing of lumber
and wood products.
Chemical and Lubricant Manufacturin§tormwater runoff only.
Plastics and Rubber Manufacturing and Moldigjormwater runoff onlyand Plasticsend
Rubber Recycling Operations.
Biodiesel manufacturing facilities that are required to obtain a Stormwater permit.
Agrichemical facilitiesContainment water from bulk fertilizer and bulk pesticide facilities.
Motor vehicle salvage yardsid scrap metal recycling operations.
Firms engaged in motor freight, watercraft transportation, warehousing activities, and U.S.
Postal Service maintenance facilities.
1 Stormwater runoff from airports that use deicers or conduct uncovered vehicéamaft
maintenance, washing or fueling.
1 Solid waste transfer stations, SIC 4953; and solid waste recovery facilities,
SIC 5093]

= =4

= =4 =4 =4

[Most construction activities involving work in Waters of the United States bra 4 2 dzZNJA Qa 2 | (i SN&
Staterequire authorization from the U.S. Army Corps of Engineers, also known as the Corps, or MDNR.
Individuals, companies, corporations, federal and state agencies and local governments planning
construction activities in a stream, river, lake, or wetland should contact the Corps or MDNR before any

work begins. Such construction activities may require a permit from one or both agetthesg

permits include Dam Safety Permits, Sand and Gravehlyllrermits, and 401 Certification from MDNR

and a 404 Permit from the Corps when placing material, or fill, into a jurisdictional water.

Boone County Wastewater Treatment Ordinance

[Onsite sewage disposal problems in Boone County are the result of decddjrowth in the
unincorporated areas of the county. For most of these years, there were no regulations which covered
how onsite sewage disposal systems were designed and built. The zoning and building regulations
presently in effect were nonexistem earlier years. State regulations were not completely effective and
did not address existing conditions. Many of the soils in Boone County are incompatible or undesirable
for septic systems, and many of these systems did not have the required latatal Belone County

Zoning and Subdivision regulations became effective in 1973. In 1987 Boone County began requiring
building permits, alleviating some of these problems.

The Boone County Commission adopted an ordinance in 1993 for the construction ofh+sée o
sewage treatment facilities construction and for remodeling or repairs of older systems so that
eventually the disposal problems in Boone County can meet modern public health starfostrttsg
time, the ordinance does not require wastewater manance contracts.

Boone County residents constructing new wastewater systems or renovating existing systems must
apply for a wastewater permit. Proposed plans for the wastewater system are reviewed by the
Environmental Health and Safety Division of the Department of Pdbkdith & Human Services, and a

site inspection is conducted. The State of Missouri requires septic tank disposal systems, lagoon disposal
systems, and alternative design systems to follow specific design criteria. A certified wastewater installer
and certfied soil scientist are required to evaluate site and soil conditions.
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Greater Bonne Femme Watershdzhsed Plan: AppendiB

Il A40G2NR 2F 2 GSNIt2fftdziaAz2y YR t NBGUSOUAZ2Y TFT2NJ 5S@
Streams

By Roxie Campbell, Park Naturalist, Rock Bridge Memorial State Park, October 6, 2020

Pollution eventsand the desire to prevent them has motivated action throughout the years especially in
NEIINR (2 5S0AftQa LOS62E /1 @S yR AGa &aGNBFIYI 4KA
started quite early in local history as indicated in an 1857 teet. James McConathy who owned the

whiskey distillery, tan yard and hog operations at Rockbridge Mills sold a portion of his land that was
downstream of the mills to Briant Cariender and in the land deed put a caveat that Cariender agree to
neversueovlld 0 KS ydzial yOS 2F KI@Ay3a aGatz2L) FyR FALfGKE T
the land. Legend has it that Cariender got a lifetime of free whiskey out of the deal.

For many years in the 1800s and early 1900s, land in the Bonne Femme wateeshisdmed and

animal waste was common, but generally not recognized as a water quality problem. Sinkholes were not
GSNE dzal o6fS F2NJ FINVSNRAZ a2 dzadzffe GKFGiQa 6KSNS
LJdzi 2dzy]1 YR UGNBAKYOPKEKI iREde K@sdBRYSG OF Sa O YS
DN} gS@I NR /@S¢ FyR al23t20 /1 @S5¢ |yRY gKeé &SI N&
either been removed from sinkholes by volunteers or still remain, slowly making their way into

underground openings.

Ly GKS modpnaxr SELX2NAYy3 5S0Af Q& L OSo 206lunbia @S 0SSOI Y
(UMC) students who formed a chapter of the Missouri Speleological Society called Chouteau Grotto.

Cavers noticed a certain dome, where wadieips in from the land surface, always had a sewage smell,

a2 (KSe& RdzoSR Al a{YvYStfte 52YSodé¢ 2KSy SELI 2NRAYy3I A
easy to understand the connection: to understand that water from the surface flows witlesigtance

2N FAfGSNRAY3I GKNRdzZAK ONI} Ol1a Ay GKS fAYSaidz2yS NROJ
Icebox Cave Branch. Cavers regularly waded to thigh and chest deep in that water so, they became
concerned about their health and safety arftht of cave animals like the pink planarian that lived in the

OFr S aidNBlIY® ¢KS LAY] LAEFYFENRFIY 61 & F2dzyR G2 fAQDS
Icebox Cave. Thus, the entire population was vulnerable to extinction should the cave stre@mebe

too polluted.

In 1963, Eugene Hargrove, a freshman English major at UMC went on his first cave exploring trip in
5SgAft Q4 LOSO2E /I @3Sd ¢KSy:r KS gl a K221SR FyR 0SSO0l
protect them that he became an outspoken@@ Ol 1S F¥2NJ 58S0Aft Qa LOSo2E [ | @8
opposed the approval of a subdivision that he believed would threaten water quality in the cave.

Hargrove and other cavers raised awareness through local media and among local officials and the

subdivisim was not approved. Hargrove had changed his major to philosophy and became a pioneer in

0KS yS¢ FTASER 2F SYy@ANRYyYSyidlt SikKAOad | A& SELISNA
Icebox Cave became a case study that he included in his Intidle@ Foundations of Environmental

Ethics His life is a testament to the impact that experiencing the mystery and allure of a cave can have

on an individual.

I I NANR @S T2 N)Y S RRockBRigeParkdGohserdation Taskd-@rde, submitted a report
published in Missouri Speleology and corresponded with the Missouri State Park Board (MSPB), the
Missouri Clean Water Commission, the Missouri Geological Survey and Governor Bond. Thus began a
multi-agency cooperative effort that continues to date. A projectest water samples was conducted
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by staff of the UMC and U.S. Fish and Wildlife Service (USFWS). Water samples collected and analyzed in
1973 and 1974 provided evidence (phosphorus, chloride and organic carbon levels) that sewage
contamination was in€led happening at locations such as Smelly Dome, however, large scale pollution

was not found. In 1973, Boone County was considering a permanent zoning plan. Then director of the
Missouri State Park Board (MSPB), James L. Wilson corresponded with Jutdge &WBoone County.

The result was that Boone County granted the MSPB request that zoning for the sinkhole plain be
restricted to Al (one home per 10 acres) for much of the sinkhole plain and MSPB followed through

with their stated goal by purchasing alii380 acres of sinkhole plain and adding them to the park. This
included the Grassland Trail, Karst Trail and Community Trail areas.

Therefore, what we saw locally in the 1970s as Earth Day began across the county, was that an increased
6 NBySaa 2F GKS ySSR (G2 LINRGSOG 5S0ArAtQa LOS62E /
the sinkhole plain, produced intggyovernmental coopration and actions to protect the cave. Pollution

events that occurred in the early 1980s further emphasized the need and increased the efforts.

C2NJ AaAEGSSYy &SI NBZ LSNE2YyYySt 6AGK GKS ' {cCc2{Qa [/ 2f
been colleting an amphipodGammarus pseudolinnae(s.p.) every two months from the creek

2dziaARS 2F 5S8S0At Qa4 LOSO62E /@S a GKSANI LINRYOA LI ¢
went to collect on July 9, 1981, this amphipod that normally occumele thousanls, could not be

found! Further investigation found no surviving G. p. and also found pink planahsnails absent

GKSNB (KSe y2NXYIFfte gSNB LINBaSyido ¢g2 RIea I 0iSNE
bats were discovered ithe cave stream. Analysis of the dead bats and dead G.p. amphipods found high

levels of the pesticide Dieldrin (57 ppm in the amphipods). Dieldrin had been banned by the U. S.
Environmental Protection Agency in 1974. Amphipods are known to feed on daadlanso it is

thought that the bats died first and then the amphipods fed on the bats and died from ingesting the

pesticide. Yet investigators were not able to answer some questions. Why were isopods present (in

numbers double that of normal) when theyeaknown to be sensitive to Dieldrin? A possible answer is

GKIFIG a2YS RARYyQG FSSR 2y (GKS olida FyR aiAyOS 2G§KSN.
existed to support their greater numbers. Why did snails die when they are fairly tolerant ofi?eld

Possible answer is that another chemical was also involved. Since bats collected the previous year from

l dzy i SNR&a /@S ftaz2 G4SatSR KAIK F2NIS5ASERNARY |yR A
G2 OF @Sas ¢Keé RARJAQWhildineShgatdripBinted B DiSldrit 46 ithé prabable

cause, they lacked confidence to be conclusive. The investigation itself was another exercise in inter

agency cooperation as staff from these agencies worked together: USFWS, Missouri Depairtment o

bl GdzNF f wS&az2dz2NOS&aQ o6aS5bwid 5AGAaA2Yya 2F {aGFaGS t I NJ
Department of Conservation (MDC). The amphipod G. p. which had been the dominant organism in the

creek, never recovered and has remained absent to this date.

Pollution events drove the protection efforts where concerned individuals came together to form a

INRdzL) 1y26y & GKS 5850AftQa LOS62E ¢l al C2NDSe® ¢KS

different periods of time, resurrected whenever there was reee concern. The first one was started

by Eugene Hargrove inK S mIgh®ciobes @981, Park Superintendent Scott W. Schulte wrote a

YSY2 G2 aArdaazdaNAR {GF0S tFN] 5ANBOG2NI W2KyYy YI NBf N
be continued anddz3 YSY 1SR A 0GK | NBLINBaSydalrdAdS FNBY a5bwQ:
and that the MDNR divisions be enabled to make the task force a priBpgcifically, he recommended

that MDNR support a twgear water quality study and a dye tracisiydy. These requests were

granted and the studies were conductekhe dye tracing study revealed that not only did the 1200 acre

t ASNLRY(d YINRG {AYy{1{K2tS tfFAYy O2y(iNAROGdziS &I GSNJ (2
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water was coming from kosing stream, Bonne Femme CreAKosing section of the stream located
above the Highway 163 bridge drained about 7,300 acres. This revelation wasgvefigant and
helped people to realize two things: 1) hundreds of acres of farmland that lackekislaffects the
water quality inside the cave and 2) the rechaggea (land that drains into the cave) is much larger
than previously thought.

A water quality study was indeed funded and supported by MDNR, MDC and the UMC Vet Diagnostic
Lab.From Jund 982 to July 1984, water samples were collected weekly from just outside the cave and

Y2y (iKfé& FNRBY (GKNBS arisSa AyaiRS 58S0AaftQa LOSo62E /|
several chemicals, turbidity, dissolved oxygen, pH and temperafiney accomplished three objectives

G2Y M0 RSOSNXYAYS 46F0GSNIljdzr t AGe 2F 61 GSNIAY 5SOAfQ
future reference and 3) establish differences between feeder streams within the Theeverall water

quality as Bown by the site outside of the cave, indicated periodic high levels of bacteria and

measurablebut not conspicuous levels of pollution from some chemiddisates which, are a good

indicator of contamination from either organic wastes or chemical feetis, averaged 2.1 mg/L which

was below the Missouri Public Drinking Water Standard of that time (10 n#gh)n, this indicated that

some contaminants were entering the cave stream but not at high leWsdsn within the cave, the

feeder stream with théhighest bacteria levels was the Left Fork (samples collected from 2200 meters in

on the left) which implicated septic effluent from homes East of Pierptm. study concluded that the

fairly consistent high bacteria readings were likely from human ssundéle occasional spikes were

likely due to heavy rain washing animal wastes off the land.

In 1980, Scott W. Schulte and John Willenberg, staff of Rock Bridge Memorial State Park, started offering
YR 3JdZARAY3 2Af R [/ | @S Thessidahr advahturd 8 becama vety fofulag E  / | &
and provided the opportunity for about 300 people a year to see-fiestd the extraordinary cave

resources that lie so quietly only 100 ft. below the surfac& 2 L S 4+ RSR Ay FyR €SI Ny
Icebox/ @S . NI yOK gKAOK Fft26SR o®dp YAfSa dzy RSNHNZR dzy R
destination.Thewild cavetours continued for 30 years, until 2010 when tours were stopeegrotect

bats. A new diseas®Yhite Nose Syndromevhich began itNew York in 2006 and spread westward,

killed over 6 million bats in the eastern U. S. For a number of years, free tours were offered to those

who lived in the watershed/recharge area of the cave. After going on a tour in 1996, watershed resident
JayFrals Sy 6NRBGS aLi YI1Sa @2dz NBIfATS GKFEG 6KFG @2dz
0Se2yR®PE /I NRf CNlIyaasSy 6NRGS a¢KAAE Kdz3S SELISNRSY
0S GNBFadzaNBR o6& Fff ¢gK2 AYLIOG dGKAA Yyl GdzN¥ € oS|I dzi
5 S @ikdb@ £ave Branch and its life were not the only aquatic resources at risk in the area which,

became abundantly clear when an ammonia spill killed an estimated 17,217 fish valued at $3,061 in four

miles of Gans Creek and 3.5 miles of Little Bonne Femmesk Getween October 21 and November 1,

1985. Investigators with the Missouri Department of Conservation reported this as a conservative

estimate. Also dead were crayfish, frogs and aquatic invertebrates. The cause was a leak in a pipeline
carrying a ligu fertilizer, urea ammonium nitrate, which unknowingly placed 5,000 gallons of fertilizer

into a containment basin which was drained prior to the leak being detected. The ammonia was

released from the Williams BrotheRspeline Coadjacent to Hwy. 63 inta tributary of Gans Creek. On

November 1, 1985 at the Hwy. 163 bridge, the ammonia level was greater than 100 ppm. Efforts to

clean up the spill were hampered by rain and high water.

For each of three years, 1996, 1997 and 1998, Roxie Campbell, Paralistbof Rock Bridge Memorial
State Park sponsored outreach programs about water and cave protection. Invitation letters were
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people attended each progm and some patrticipated in wild cave tours. Campbell arranged several

speakers who had affiliations with the following agencies or organizations: University of Missouri

Columbia, Boone County Department of Health, Soil and Water Conservation DistretyVeholean

Streams, Friends of Rock Bridge, Missouri Department of Natural Resources and Missouri Department of
Conservation. Again, this brought together people who had a common interest in protecting water

quality in the area. Conversations led to theadof meeting regularly and forming a work group. Jim

Davis with ShoviMe Clean Streams led the way by writing a grant application. This time, the group

broadened its view to include all of the streams of the greater Bonne Femme Creek watershed. It also
broadened its membership to include wide variety of local landowners and residents.

During the years of 1998002, the Bonne Femme Watershed Partnership found funding from two

sources: Boone County Soil and Water Conservation District in the form of anl#gal Nonpoint

Source Special Area Land Treatment Project (SALT Project) and an Environmental Protection Agency

(EPA) Section 319 migiant. The partnership focused on providing education and-shate for

landowners. These went hafid-hand. For exaple, cattle producer Donnie Wren found cestare and

technical assistance through the Missouri Department of Conservation and the U.S. Fish & Wildlife

Service for fencing nearly two miles of stream and developing alternative water sources for his cattle.

Then, the partnership sponsored a field day where others came to see and learn about this best

management practice (BMP). Other field days displayed innovatigtesewage systems. A 2001

forum designed for developers promoted such things as plannesierldevelopments that protected a
aAGSQa ylFidzNIt NBaz2dz2NOSa FyR aid2N¥gl G§SNI LINF OGAOSa
buffers. In 2000, a watershed friendly lawn care demonstration and wayside exhibit sign was installed at

the Hickam Cah at Rock Bridge Memorial State Park. Educations efforts included: newsletters mailed

G2 20SNIHZnnn NBAARSYyGaAXS Fyydadt YSSiAy3aas "y | yydz
grade students and a water festival for the publiolunteershelped with stream cleanips, tree

plantings and water quality monitoring.

Augmenting the local level movement was new stormwater regulations from the Environmental
Protection Agency (EPA) which was a factor in the development of the Community StorriRvwatet,

a collaboration between the City of Columbia, Boone County, University of Missouri andvi&hGlean
Streams, which conducted a survey of more than 50 residents and produced a report in 2001 that
assessed storm water problems.

In 2005, the Missari Department of Conservation led a number of partners in a series of meetings the
result of which was the formation of the Bonne Femme Karst Conservation Opportunity AreaTGi©A).
status carried with it recognition for the high value of the naturalaarces of the area and the process
fostered partnerships.

The population in the Bonne Femme Watershed grew by 40% in tyediOperiod between 1990 and

2000. And, water quality data was showing consistently high fecal bacteria levels suggesiitgy on

sewers and poor livestock management were the most likely sources. In response, Stephen M. Mahfood,
Director of the Missouri Department of Natural Resources talked with Jerry Conley, Director of the

Missouri Department of Conservation and they agreed teadie staff to investigate ways to protect the

caves and streams of the Bonne Femme Watershed. They, along with Bill Florea of Boone County,

Robert N. Lerch of USBMgricultural Research Service and others, formed the Southern Boone County

Karst Tam.Sincey2 & 2F GKS 4 GSNAKSR Aa Ay .22yS /2dzyieéQa
staff to participate on the team, and asked the county commission to sponSecton319 grant. In
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November 2001, the Boone County Commission formally applied fayrdre, which was to be

administered by its Planning and Building Inspection Departnidm.grant provided funding for the

County to hire a full time temporary employee, Terry Frueh, as an Urban Conservationist who would be
dedicated staff for the projeciThe cities of Columbia and Ashland agreed to be listed as partners in the
grant application. The 319 grant funded the Bonne Femme Watershed Project from 2003 through 2007.

After the grant was awarded, several members of the Southern Boone CountyTi€arstbecame

t N22S00Qa { (S S NIxkmuBAtedd? projectimisSod statetn&n&e watershed planning as

a tool to prevent further water resources degradation in order to maintain theirdtangn quality within

the Bonne Femmeatershed¢ 2 FF OAt AGFGS GKS LI IyQa RS@St2LIVSyidz
was organized into three committees: Steering, Policy, and Stakehdtdem the beginning of the

project, the Steering Committee felt that strong community input was cricial & KS L) I yQa & dzC
the Steering Committee delegated responsibility for development of the watershed plan to the
Stakeholder Committee, and in the process, it adopted a support role by providing education, technical
advice, and facilitation of Stakolder meetings The Policy Committee aided the Stakeholders by
providing a political and legal perspective.

The Policy Committee consisted of the following agencies and entities: Boone County Commission, Boone
County Planning and Zoning Commission, BoGounty Regional Sewer District, Boone County Water

District #9, City of Ashland, Columbia City Council, Columbia Planning and Zoning Commission,
Consolidated Public Water Supply District #1, andUherersity of MissourColumbia.This Committee

performed several key functions throughout the life of the Projddtey established the makgp of the

Stakeholder Committee and acted as liaisons with their agencies to educate and support project goals.
Since the watershed lies in many different jurisdictioneragency coordination was important to ensure

that efforts were synergistic and not counterproductive, while providing interagency communication
regarding actions or planned actions within the Bonne Femme Waterdhiedhbers provided input on

thelegall YR LRt AGAOFE FSIaArAoAtAde 2F GKS g1 GSNAKSR LJX |

The Policy Committee followed three Steering Committee recommendations when choosing the
Stakeholders:

1. Select some people who do not own watershed land, but have a vested intetbstiatershed
because of development, recreation, or environmental protection;

2. Include diverse, even adversarial, interests to provide a necessary spectrum of ideas to be
considered:;

3. Have a Stakeholder Committee of eighteen people, with three general grogpresented:
business/construction, environmental and landowner.

With such a makeup, the diverse interests were well represented, and the Stakeholder Committee had
the needed balance to complete a plémat reflected the values athe community. Repressing the
business group were individuals from construction, development, real estate, engineering, banking, and
other businesses. The environmental group was represented by educators, recreators, and local
watershed and environmental organization§he thrd group represented watershed landowners,
including farmers, and homeowners. It should be noted that the three general groups often had
overlapping interests, and thus it was somewhat artificial to place each Stakeholder into a single interest
G02E®E
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The Stakeholders held their first meeting in June 2004, and continued to meet on a monthly basis until
completion of the plan in February 2007. To reinforce their autonomy, the Steering Committee
recommended that the Stakeholders elect two-cwmairs, who ra the meetings, and decide amongst
themselves how to organize their meetings and establish voting procedures to be follStagéeéholders

were given fullcontrol over the plan contentkey factors in the success of the Stakeholder Committee
were their wilingness to commit their time and energy to the project and their willingness to have open
dialog and work through differences of opinion and form consensus.

The Bonne Femme Watershed Plan was unanimously adopted in November, 2007 by the three local
govenmental entities that have jurisdiction over most of the watersitgBloone County Commission,
City of Columbia, and the City of Ashland. plaa and itsecommendationsan beviewed on the

LINEZ 2 S O (i vvw.@aSeiVatarsh&idrg

B-6


http://www.cavewatershed.org/

AppendixC: Dr . Robert Ler
Water Quality Report



Greater Bonne Femme Watershdshsed Plan: Appendi€
5NX w20SNI [ SNOKQa CdzZf 21 G§SNJ vdzZ £f Ade wSL2 NI

Water Quality

Water quality monitoring has been periodically conducted at 10 subwatershed sites since 2003 to
capture the differences in land use that impact water quality across the Greater Bonne Femme
Watersled. Sampling campaigns, with the same sampling frequency, occurred from 2003 to 2007
and again from 2016 through 2019, with some limEedoli sampling in 2020. The focus of the
monitoring has been bacteria, nutrients, and herbicides. Thegemarsouice contaminants are

good indicators of overall water quality as multiple sources within the subwatersheds may
contribute. These sources may include agricultural lands (hay and grazed pastures and cropland),
turf (residential and business), forests (wikeliand orsite wastewater systems. The following
discussion is a comparison between the 20037 and 2012020 data in an effort to assess
changes in water quality in the GBFW over time. Note that the methods for bacterial analysis were
different betweerthe two datasets; the 2003 data are expressed in colony forming units
(cfu)/100 mL and the 20180 in most probable number (MPN)/100 mL. Both methods measure
the fecal coliform bacteri&. coli, which is the indicator species for fecal contaminationaier.

The water quality standard for whabedy contact (WBC A) is 126 cfu or MPN/100 mL, and the
water quality standard for WBC B is 206 cfu or MPN/100 mL. Of the nutrients measured, only
ammoniumN (NHs-N) has established chronic (610.8 mg/L) and eute (0.848.8 mg/L) water

guality standards for streams in Missourits://dnr.mo.gov/env/wpp/wgstandards/index.html

there are currently no concentration standardsitoate N (NOs-N), orthophosphat® (PQ-P),

and herbicides in streams. There are standards for drinking water, i.e., treated wateg;for NO
(10 mg/L), and for herbicides, such as the atrazine maximum contaminant level (MCL) of 3 pg/L.

Bacteria

Data br the Greater Bonne Femme sites showed that six sites had increases in the median
E. colilevels from 20160 compared to 20037 (Figure 1), but there was a statistically significant
increase at only one site, Hunters Cave. Four sites showed decreaéaaEneoli levels over
time, and Fox Hollow significantly decreased from a median of 170 cfu/100mL to 74 MPN/100
mL. MedianE. coli levels did not exceed the whdbedy contact standards at six of ten sites,
meaning that most sites exceeded the standa@do of the time. Two sites that consistently
exceeded the standard from 2d08I Devils Icebox Spring Branch and Turkey Créetontinue
to exceed it >50% of the time from 2026. On the other hand, Fox Hollow Branch showed the
biggest decline over timaf any site. Based on observation from 2@Q03 cattle were commonly
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Figure 1. Comparison of E. Coli concentrations over time in the Bonne Femme sub-watersheds. Outer bars are 5th
and 95th percentiles; boxes are 25th to 75th percentiles with median. *within site significant difference. Dashed red line
indicates whole body contact standard (126 cfu or MPN/100 mL).

in the stream and manure was stockpiled adjacent to it. By 201attle were observed only
once in the stream and manure is no longer stockpiled. Results of MST indicated thahtum
and human DNA were the two most common sourc&s obli. Human sources were detected at
low levels, and ruminant sources were more often detected at higher levels. Cattle and deer
would be the most common ruminants within thesgersheds, and goats have commonly been
present in Fox Hollow Branch.

Nutrients
Median nitrate (N@N) concentrations decreased at all sites, except Little Bonne Femme

Creek, but the decreases were significant only at Clear Creek and Fox Hollow @igiic 2).
At five of the sites, median concentrations have remained low (<0.5 mg/L) over time. The Devils
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Figure 2. Comparison of nitrate-N (NO,-N) concentrations over time in the Bonne Femme sub-watersheds. Outer
bars are 5th and 95th percentiles; boxes are 25th to 75th percentiles with median. *within site significant difference.

Icebox Spring Branch consistently had the highes:-N@evels of any subwatershed, with median
concentrations of 1.33 mg/L from 2003 and 1.12ng/L from 201620, while none of the other
sites currently have median concentrations >0.5 mg/L.

In contrast, P@P concentrations increased at 8 of 10 sites, but the increase was significant
only at Little Bonne Femme Creek (Figure 3). Clear Creektliglecreased while Turkey Creek
remained unchanged in median#®concentrations. At seven sites, mediag-P©@oncentrations
were< 0.05 mg/L, but Devils Icebox Spring Branch, Upper Bonne Femme Creek, and Little Bonne
Femme Creek had medians of approadey 0.1 mg/L. From 20180, 73" percentile
concentrations were 0.243 mg/L at the Devils Icebox Spring Branch and 0.383 mg/L at Upper
Bonne Femme Creédki.e., 25% of samples exceeded those concentrations at these two sites.
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Figure 3. Comparison of orthophosphate-P (PO,-P) concentrations over time in the Bonne Femme sub-watersheds.
Outer bars are 5th and 95th percentiles; boxes are 25th to 75th percentiles with median. *within site significant difference.

Changes in median NHN concentrations over time (Figure 4) were generally minimal
except the approximately 50% decreases observed at Upper Bonne Femme and Turkey Creeks,
and the increases of Clear Creek and Hunters Cave fromdatentable in 20687 to 0.013 to
0.015 mg/L fron201620. However, differences over time were minor at the remaining six sites,
and there were no statistically significant changes in-Nloncentrations at any site.
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Figure 4. Comparison of ammonium-N (NH,-N) concentrations over time in the Bonne Femme sub-watersheds.

Outer bars are 5th and 95th percentiles; boxes are 25th to 75th percentiles with median.

Herbicides

Five corn and soybean herbicidésatrazine, alachlor, acetochlor, metolachlor, and
metribuzini and two breakdown products of atrazin®EA and DIAT have been included as
part of the monitoring, and in 2041®, simazine was added. Median herbicide cotraions in
spring and summer decreased over time for atrazine, DEA, DIA, and acetochlor, but increased for
metolachlor and metribuzin (Table A). Herbicides were detected previously and currently, with
atrazine, DEA, and metolachlor most often detectethf200307 and from 201-19. Simazine
was detected in 94% of samples from 2@019 compared to earlier. Of the herbicides monitored,
atrazine was most often detected and at the highest levels, but comparison among sites showed
that median atrazine conceations decreased at every site except Clear Creek and Devils Icebox
Spring Branch, where concentrations remained essentially unchanged over time (Figure 5). Major
declines were observed at Upper Bonne Femme, Turkey, Bass and Lower Bonne Femme Creeks,
andHunters Cave. From 203110, only the Devils Icebox Spring Branch had a median atrazine
concentration >1.00 pg/L.
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Table A. Herbicide concentrations and frequency of detections over time.

Atrazine DEA DIA  Acetochlor Alachlor Metolachlor Metribuzin Simaine
20032007 -
hﬂgiﬁlan, 0.632 0.306 0.155 0.016 <0.004 0.009 <0.004
Max, ug/L 10.5 4.26 1.93 1.57 0.730 1.47 0.034
% Detection 100 100 63 65 23 75 20
20162019
h"g‘jﬁ'a”’ 0.213 0.122 0.118 0.010 <0.004  0.221 0.019  0.007
Max, ug/L 33.3 6.41 4.50 2.00 <0.004 8.33 0.780 1.31
% Detection 100 99 81 81 0.0 99 78 94
AData from May, June, and July 208806 and 201-2019 and pooled from all sites.
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Figure 5. Comparison of atrazine concentrations over time in the Bonne Femme sub-watersheds. Outer bars are 5th
and 95th percentiles; boxes are 25th to 75th percentiles with median. *within site significant difference.
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Summary and Conclusions

Levels ofE. coli, nutrients, and herbicides in GBFW subwatersheds showed minor changes
in water quality over the last 13 years. However, exceedance & tt@i whole-body contact
criteria now occurs less frequently in the majority of subwatersheds, but high levefsiedot
occur under conditions of high flow during th¥ and 3¢ quarters of the year. With the exception
of the Devils Icebox Spring Branch and Upper Bonne Femme Creek, nutrient levels in most
subwatersheds were in the lower range reported for agrauittatersheds throughout the US
Corn Belt (Lerch et al., 2015a). Nutrient and herbicide concentrations in the Devils Icebox Spring
Branch and Hunters Cave subwatersheds remained similar to data from 1999 to 2002 for these two
subwatersheds (Lerch, 201lerch et al., 2015b; see Appendix 7 for link to this data). The higher
nutrient concentrations in the Devils Icebox Spring Branch and Upper Bonne Femme Creek
reflected more intensive agricultural land uses within these subwatersheds, and their nutrient
corcentrations were in the upper range reported for northeastern Missouri streams (Blanchard and
Lerch, 2000; Lerch et al., 2015a) and the Central Irregular Plains ecoregion, which includes the
GBFW. While there are no Missouri WQS for nutrient concentratiorsireams, and nutrient
levels did not approach exceedance of the criteria range recommended by EPA for WQS for this
ecoregion, all sites have chronic ldewel contamination at concentrations known to impair
aguatic ecosystems (Dodd and Welch, 2000;BP3\,, 2000). Dissolved nutrient concentrations
that can cause water quality degradation via ecological impairment or creation of nuisance
conditions can occur at concentrations as low as 0.025 mg/L feiNY0.002 mg/L for PGP,
and 0.005 mg/L for NN (Dodds and Welch, 2000; US EPA, 2000). While herbicides were
frequently detected they generally remain at low levels, with the exception of atrazine. Frem 2017
19, peak atrazine concentrations were >10 ug/L at thred ditesils Icebox Spring Brancii4.8
Mg/L), Upper Bonne Femme Creek (25.2 pg/L), and Turkey Creek (33.3 pg/L), and these
concentrations have been documented to exceed the level of concern for impairment of aquatic
ecosystems (US EPA, 2016). Based on this assessment, water qualityGBRKe has not
significantly improved nor degraded since 2003, and chronic nonpoint source contamination
remains a problem.

Citations are listed in the References section.
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2016 Economzc Con{r}éatmnf”_
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Economic Gontributions of Agricuitire, Forestry & Related Inaustives:

 Sales: $10billion J { Jobs: 5,819
Value-Added: $344.8 million | Labor ncome: $2018 millon
~ Inputs: $867.0 millon  Twesgedmilion |

Sales: The broadest measure of economic activity - orten referred to as “output™; Employment (Jobs): A measure of job positions without regard to whether
they are full-time equivalents; value-Added: Sales (output) minus the cost of inputs; Taxes: Includes taxes paid at the federal, state and local levels.

Economic Contributions
Ag Inputs & Services $473 $61.7 | | §108.9 1,834
Crops, Livestock, Forestry, & Fisheries
Production §45.1 §54.9 | $100.6 | 1,587
Food & Kindred Products Manufacturing $546.0 $214.8 $760.9 2,543
Forestry Products Manufacturing §209 §134 s 136
Total $667.0 | | $3448 | $1,011.8 5,819 |

Boone Farmland Use Summary

(1] E: i
ﬂ1;_r Land in . 12,870
arms

Woodland - 94281

Pasture 49,192

Numoer of Farms: 1,171 farms
Average Size of Farm: 206 acres

Total Land Area- 438,739 acres

Total Land in Farms: 240,710 acres

Population (2015): 174974
\ D [ ] ' / | Acres (1] 50,000 10:0,000 150,000 200,000

Brought to you by:

Missouri Department of Aariculture | Missouri Farm Bureau | Missouri Agricultural & Small Business Development Authority
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MO Dept of Ag MO Farm Bureau MASBDA DIS

Missouri Agriculturec 2016 Economic Contributions of Agriculture and Forestry
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Overall Top Three Contributors (Ranked by Value-Added)

Inputs ($M1 +  Value-Added (SM) = | Sales (SM) Employment
Landscape and horticultural services $29.7 $45.3 $75.0 1,182
All other food manufacturing $95.6 $41.3 $136.9 587
Meat processed from carcasses $122.1 $35.5 $157.6 461
Boone Value-Added Summary: $344.8 Million Boone Employment Summary: 5,819
‘orestry Forestry
e [l s werztect, [l s
Food & Rolated Food & Related
Manufacturing Manufacturing
Cro!:\s. Livestock, Crops, Livestock,
g i $54.9 g 1587
Production Production
Millions $o $50 $100 $150 $200 $250 [0 1,000 2,000 3.000

Crops, Livestock, Forestry & Fishery Production - Top Three Contributors (Ranked by Value-Added)

Inputs [SM]
Oilseea farming $7.3
Beef cattle ranching and farming $6.8
Hoqs $2.1

Note: Tofals in tables may not sum due to rounding.

Overall Contributions to Boone County

$18.1 $25.4 156
$8.7 $17.5 339
$6.8 $9.5 29%

Agricultural, forestry, and related industries support 5,819 Jobs in Boone County. Additionally, these industries
contribute $1.0 billion in sales, which translates to $344.8 million in added value to the area after $667.0 million
worth of inputs are purchased. 0f this $344.8 million, $201.9 million is comprised of Iabor income. Tax revenues
generated by the agricultural, forestry, and related industries in Boone County are §$74.4 million.

Brought to you by:

Missouri Department of Agriculture | Missouri Farm Bureau | Missouri Agricultural & Small Business Development Authority
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Appendix E: 2007 Watershed
Management Plan Goals
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Greater Bonne Femme Watershdzhsed Plan: AppendikE
2007 Watershed Management Plan Goals

Goal

Strategies

Recommendations

Ensure that
structures are
not built in
places that will
flood

Updated 100
year floodplain

Political subdivisiomshould consider complete hydrologic
modeling to determine where the 16¢ear floodplain would be

maps and under full buildout conditions and locate it more accurately ¢

regulations floodplain maps. This modeling should be limited to
development areas to keep costs downlom no construction
of structures for occupancy in the-gelineated 106year
floodplain.

Zoningq Adopt a stream buffer ordinance that limits construction with

Streamside its boundaries

buffer ordinance

Design manual

Do not permit newdevelopment to increase peak flows
downstream so that flooding is not exacerbated.

Purchase
structures that
flood now

City or County may offer to purchase a structure, at prevailir
market rate, to correct a flooding problem in an existing
neighborhood|f the cost of correcting the problem exceeds
the value of the structure.
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Goal Strategies Recommendations

Conserve Design manual/ | Thelevel of servicée ¥2f f 2 g Ay 3 [/ 2f dzYo A

recharge & karst Performance and ordinance) will be more restrictive (e.g. by one or two

areas with based goals points on the level of service scale) in karst and recharge a

special than in other areas. Local governments will adopt similar,

protections compatible stormwater ordinares and design manuals.
Zoning Zoning ordinances will establish specific criteria for

development in karst recharge areas. These should include
defining levels of stormwater quantity and quality and limitir
new sanitary sewers tno discharge systems

Land purchase

Local governments may purchase land from willing sellers i
karst recharge areas, but other options for protecting water
quality should be explored first. Create management plans
this purchased land with a primary goal to proteciter

quality. (Government takings of eminent domain should not
used for acquiring land for this purpose)

TDRs & Transfer of development rights (TDR) should be establishe

conservation county-wide, with sensitive areas (such as karst rechargas

easements and steep slopes) being primary sending areas. This progr:
should enable the cities and the county to have joint progra
reciprocity. TDR and conservation easements should be
economically and logistically feasible options for use by
landowners andlevelopers.

Tax relief Create incentives to encourage conservation in karst rechal
areas.

Zoning and Consider a plan to provide special protections to karst and

Subdivision recharge areas.

regulations;

Design manual

Further scientific
study and
monitoring

More scientific analysis should be done to further delineate
karst recharge and other environmentally sensitive areas, &
more definitively identify sources of contamination.
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Goal

Strategies

Recommendations

Ensure that changes ir
land usedo not
increase downstream
flooding or channel
instability, or decrease
water quality

Design manual

Thelevelofservicée ¥2f t 2g Ay 3 [/ 21 dzY
ordinance and manual) for stormwater runoff flow
characteristics postlevelopment shall be no less tha
pre-development. Similarly, stormwater quality should
have the same or better characteristics for post
development as it had prdevelopment. Local
governments should adopt similar, compatible
stormwater ordinances and design manuals.

Encouragdow
impact
development
(LID)

Local governments should establish additional zoning
subdivision regulations that allow LID amatter of right
(i.e. approval will be expedited). This avoids the proble
associated with the planned development process and
encouages LID.

Education Make new stormwater manuals and ordinances widely
available and familiar to the public through a public
outreach and education effort.

Develop New sources of funding should be pursued to assist

funding landowners in implementing streajprotection best

mechanisms management practices (BMPg&ompile a list of available
sources of funding and provide to landowners and
developers.

Financing of Secure sustainable, adequate funding for stormwater

storm water programs.

program

Goal Strategies | Recommendations
Encourage low impact| Education Implement a comprehensive educational program for t

development as a way
to maintain or improve
water quality

generalpublic, landowners, and developers to encoura]
LID.

Design manual

wS@AaS 201t 3IA2FSNYyYSyia
promote environmentally sensitive design and
maintenance.

¢tKS tS@gSt 2F aSNBAOS o072
manual and ordinanceyill be more restrictive (e.g. by
one or two points on the level of service scale) in
susceptible watersheds (following maps 6.0E, 7.3E an
8.2B of the Subwatershed Sensitivity Analysis) than in
less susceptible watersheds. Local governments will
adopt simlar, compatible stormwater ordinances and
design manuals.

Tax relief,
funding,
Economic
development

Create economic incentives to encourage developers
implement LID.
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Goal Strategies Recommendations

In order to maintain | Land purchase, | Provide mechanisms and/or incentives to set aside lan
quality of life, Develop funding | in nonLID developments for land to be set aside for
encourage parks, mechanisms, parks or green spacespecially in conjunction with a
healthy streams, LID,, Economic stream buffer. Encourage these features in other new,
and municipal incentives well as preexisting, neighborhoods.

services

Goal Strategies Recommendations

Maintain the Education Include information on protecting clean streams in

economic viability of
the community while
protecting clean

development information distributed by the city and
county (through web, forms, brochures). Develop a mg
that shows protected areas and include this in all

streams literature related to development.

Design manual | Local governments should adopt similar, compatible
stormwater ordinances and design manuals that have
stream protection information and requirements.

Zoning Address zoning where protection is necessary.

Goal Strategies Recommenlations
Enhance healthy Education Make stream protection a central part of park

streams in parks

management. Establish park definitions to include stre
protection goals. BMPs should be used on property
owned by local governments.
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Goal

Strategies

Recommendations

Maintain clean
water without
unnecessarily
restricting property
rights

Design manual

Give detailed design information to developers and
engineers to assist them in controlling runoff quality and
guantity from development.

Zoning

Use voluntary zoning changes to direct density, and
therefore higher runoff, to the most appropriate areas.

Subdivision and

wSPAaS (20t 3F20SNYYSyaao

zoning to enable reductions in impervious surfacediipwing
regulations flexibility in street width, sidewalks, etc.
Education Expand public education newsletters and mail them mor

frequently.

Develop funding

Secure sustainable public funding for the operation and

mechanisms maintenance of BMPs, especially thdaaded by
government agencies.
TDRs and Encourage landowners to use various economic incentiy
conservation (e.g. conservation easements and TDR).
easements
Goal Strategies | Recommendations
Have policies which| Zoning Locate retail, by appropriate zoning, to areas that will all
boost jobs, retail, the most efficient use of infrastructure and the least hazs
tax base, andbcal of stream pollution.
economics Economic Consider reduction in fees and other expenses paid by
incentives developersof commercial property, in preference to the
creation of additional special transportation districts. For
locallyowned businesses, give economic incentives to h
implement LID.
Use tax incentives for owners of kE3Byle commercial/retail
structures.
Zoning Exempt agricultural land from restrictions and stream

buffers to maintain and enhance maximum economic
opportunity for farmers and related agricultural activities,
as well as to keep land in agricultural use.
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Goal

Strategies

Recommendations

Theimpacts of upstream
urbanization should be
mitigated to prevent
increased costs to
agricultural and other
downstream property
owners.

Performance
based goals/
Design manual

1) Determine baseline conditions for the
establishment of monitoring programs. Tdee
conditions should include stream water quality,
amount of stormwater dischargstream cross
sections

2) Publicly monitor at specified time periods at
specific locations to determine effectiveness of
currently implemented plan.

Develop funding

Ensure that local governments provide adequate

mechanisms funding for their stormwater programs via a
stormwater utility fee.
TDR & Use land purchase, TDRs, conservation easemern
conservation etc. where applicable to encourage conservation i
easements appropriate areas.
Goal Strategies Recommendations
Ensure that BMPs do noj Education Publicize information on cosdffective BMPs.
unreasonable affect Zoning Amend zoning regulations to allow for increased
housing affordability. density inexchange for improved stormwater
quality and quantity management.
Goal Strategies Recommendations
Ensure that certain areag Zoning Zoning regulations will reflect theensitivity of the

receive special
protections while
maintaining the

watershed/ subwatershed. This will allow for
economic growth while protecting sensitive
subwatersheds.

economics of
urbanization.

Design manual

WS@ASE 201t I20SNYYSY
manuals with specific design criteria for sensitive
subwatersheds.
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Greater Bonne Femme Watershdzhsed Plan: Appendik
Integrating the Greater Bonne Femme Watershédsed Plan into the Boone County, City of
Columbia, University of Missouri MS4

Content primarily taken from the Columbia, Boone County and University of MigSolunmbia
joint MS4 Program, Permit M@1365578

The City of Columbia, Boone County, and University of Miss@wmiumbia (MU) developed a

joint stormwater management program, Shoe Stormwater Management, to effectively
minimize stormwater pollution runoff and meet NPD&SrmwatePhase lpermit

requirement$or municipal separate storm sewer systems (M3¥E) has been designated the
coordinating authority to give Missouri Department of Natural Resources (MDNR) a single point
of contact for issues arising out of this joint permit application. hewehe Director of Utilities

for the City of Columbia, the Director of Resource Management for Boone County, and the
Director of Environmental Health and Safety for MU are responsible for the management and
implementation of the joint permit. While eagérmitted entity can rely on partnering to achieve
regulatory compliance in the most cedticient manner, each entity is ultimately responsible
individually for regulatory compliance. The permittees will maintain these programs as outlined
in the joint Sormwater Management Plan (SWMP), and as appropriate, will develop and add
new programs for the six minimum control measures (MCMSs).

Implementation of this watershdshsedolan will be a combined effort involving multiple

groups individuals,and organizations. The MS4 partnership and additional partnerships yet to

be created will provide more opportunities and resources to coordinate with planned watershed
activities, progams, and projects that would otherwise be infeasible. This watelsisedolan

will be incorporated into each of the six MCMs listed below. The SWMP will be updated to
reflect any stormwater management actions taken in accordance to the walbersstapthn.

MS4 reports will track progress made on milestones throughout the implementation phase of the
watershed project. Any stormwateslated activities funded through the MDNR 319 Program

will be above and beyond any MS4 permit requirements.

Public Educaibn and Outreach (MCM 1)

Raising citizen6s understanding and awareness
goal of MCM 1 and the permitteebds | evel of <co
significant. The permittees are satisfyihgit permit requirements by implementing a

coordinated public education program, maintaining a list of all education and outreach programs
conducted yearly, developing and distributing education and outreach materials, conducting
education and outreach aties, maintaining dedicated stormwater resource websites, and

holding coordinated household hazardous waste collection events.

The joint MS4 permit requires the permittees to implement a coordinated public education
program which involves the distribah of educational materials to the community, or equivalent
outreach activities about the impacts of stormwater discharges on water bodies and steps the
public can take to reduce pollutants in stormwater runoff. The three entities have cooperated in
devebping stormwater public education and outreach programs. A Stormwater Coordination
Committee meets monthly to discuss educational issues.
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The GBFW project will conduct information and outreach activities and distribute outreach

materials to residents anditors in the GBFW, as noted in Section VI. Boone County will
maintainwww.cavewatershed.orgvhere the community can find information about the

watershed, GBFW project, and upcomamgivities/events. The Informati@ndOutreach
subcommittee of the GBFW projectds Technical

p r o] atencbgsals and strategies (Appendif) using adaptive management techniques. A

yearly update of therpoj ect 6 s progress wil |l be provided ir

Public Involvement and Participation (MCM 2)

This MCM has the goal of transforming public education into action and involving the public in
the development of stormwater management policiedlbwing the public to participate

through public hearings and public meetings.

The permittees satisfy this portion of their MS4 permit by implementing effective public
involvement/participation programs that allow citizens and civic groups to proyde in
concerning policies and complies with state and local public notice requirements, promoting
Adopt-A-Spot/AdoptA-Road programs, public service announcements, community-gfean
events, and holding coordinated household hazardous waste collection events

The GBFW project will provide opportunities for public input at public meetings, volunteer
clearrup and monitoring events, and voluntary participation of BMP installation and
maintenance by property owners in the watershed. A yearly progress updaepnoNided in
the MS4 Annual Report.

lllicit Discharge Detection and Elimination (IDDE) (MCM 3)

lllicit discharges enter the system through either direct or indirect connections. Direct
connections are usually vehicular accidents, and first respormi@iaue to be educated on

clean up techniques. Other direct connections happen mistakenly and require education on the
spot. A robust program to detect and address indirect wastewater connections is underway. The
necessary legal measures are in placedbipit andpursueenforcenent onillicit discharges.
Addressing indirect wastewater connections and educating the public continue to be primary
activities for this measure.

Columbia, Boone County and MU are required to develop, implement, and enfoaggam to
detect and eliminate illicit discharges into the regulated MS4.

Each permittee has documented the location of all new and existing stormwater outfalls, pipes,
inlets, and other associated attributes for locational and logistical refereneespagal tool

helps the permittees understand the impacts of illicit discharges to the MS4 area. The permittees,
through IDDE ordinances or other IDDE regulatory mechanisms, maintain water quality by
restricting certain discharges into the stormwatemaige system, and implement appropriate
enforcement procedures and actions. Incidentalstammwater discharges are addressed on a
caseby-case basis to determine whether such discharges may appropriately be directed to the
storm sewer system. PermittecsM outfalls are inspected each year on a rotating basis to detect
cross connections in the sanitary sewer system and other discharge to the MS4 area. Methods
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used for detection may include-gite visual inspections, smoke and dye testing, closed circuit
television inspections as well as public watch and reporting programs with established hotlines.

The GBFW project will continue to use microbial source trackM§T) to trackE. coliloading
sources within the watershed. Although failinggte wastewatesystems were not found to be
a major contributor to thE. coliloading in streams in the GBFWrough previous MSTonsite
wastewater system BMPs will be offered for existingsda wastewater systerttwough an
outreach program that requires nonpasioirce/water quality workshop participation to qualify
for a septic pumyput rebate

The City o®Our@@unhbaWaterslbtegrated Management Plan for Wastewater and
Stormwatemill help develop affordable and adaptable ldagn recommendatiorte meet

Columbi abds wastewater needs within the waters
Division of the City of Columbia/Boone County Department of Public Health and Human

Services reviews all plans for new and renovatedittnwastewater systemsdperforms site

inspections for compliance. Failing systems can be required to be upgraded if noncompliance is
discovered, however, these inspections are usually complaint driven.

Construction Site Stormwater Runoff Control (MCM 4)

Construction site runoff is a publicly visible element of the stormwater management program.
Regulatory mechanisms are in place to control construction site runoff. Site plan review and
inspections for anstruction site runoff control are ongoing. The purpose of this MCM is to
prevent soil, construction material, and other materials from leaving the construction site and
entering the stormwater drainage system.

The joint MS4 permit requires the perméseto develop, implement and enforce a program that
reduces pollutants in stormwater runoff to the MS4 from construction activities that result in a
land disturbance of greater than or equal to one acre. These construction activities have the
potential tocontribute more pollutants to local waterways. The permittees meet this requirement
by tracking the number of land disturbance permits issued each year, maintaining and enforcing
erosion and sedimentation/land disturbance ordinances/regulatory mechanjgemsenting

and maintaining stormwater design manuals, requiring stormwater pollution prevention plans
(SWPPPs) for waste and erosion control on sites, maiimgairebsites and hotline phone

numbers for public concerns, and condugsite inspections focompliance.

Many of the BMPs assessadd selectefbr potentialimplementation in the GBFWNBP
Sectiors IV and V) are designed for use on private agricultural |&ugticultural activities are
exempted fromhe City of Columbidand preservation req@mentsandthe Boone County
zoning regulation8BMPs will be installed on a voluntary basis.

Postconstruction Stormwater Management in New Development and Redevelopment (MCM 5)
Maintenance of structural best management practices is a critical corhpmtiesuccess of
postconstruction runoff controls. Inventory and inspection of BMPs encourages proper
maintenance which supports pollutant and runoff reductions.
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Each permittee is required by the MS4 permit to develop, implement, and enforce a ggoogram
address the quality of stormwater runoff from new and redevelopment projects that disturb
greater than or equal to one acre. This includes projects less than oinatene part of a larger
common plan for development or sale that discharge inteetheated MS4. The MDNR

requires any portion of a common plan for development or sale sold to a developer for
commercial, industrial, or residential use to obtain a permit before conducting any land
disturbance activity, regardless of size. While the poldion remains part of the common plan
of development or sale, it is no longer under the original permit coverage.

This permit requirement is met by the permittees by implementing and tracking water quality
improvement projects, BMP monitoring projedt§ED building standards, and tracking permits

for installation of private BMPs for new and redevelopment projects within the City of Columbia
and unincorporated Boone County. All stormwater and stream buffer ordinances, stormwater
design manuals and MU @mwater Master Plan are reviewed and revised, as necessary.
Downstream water quality is improved by inspection and maintenance af@ustuction

stormwater controls. A coordinated household hazardous waste event is held annually to provide
the public vith proper, publicly announced disposal opportunities to minimize the presence of
chemicals in local waterways.

BMPs installed in the GBFW during the implementation phase will be monitored for
effectiveness. With landowner permission, edéield monitoring will be considered prand
postinstallation. Stream monitoring and water quality sampling will continue to take place.
Effectiveness of installed BMPs will be reviewed at thréee-, and sevetyear intervals. For
more information on monitoringee Section VIbf the WBPR

Pollution Prevention/Good Housekeeping for Municipal Operations (MCM 6)

Al | permitteesd employees receive regular tra
and storing potential pollutants. In addition to training, operations personnel continue to improve
road salt application methods, street sweeping procedmasjta maintenance to reduce

pollutants to our waterways. Pollution prevention opportunities are extended to the greater
community through household hazardous waste drop offs, recycling programs, and education

and outreach efforts.

Permittees are reqeid to develop and implement an operation and maintenance program that
includes a training component and has the goal of preventing and/or reducing polluted runoff
from municipal operations, including those not currently required to be permitted as aslsociat
with industrial activities. The program must include employee training to prevent and reduce
stormwater pollution from activities such as park and open space maintenance, fleet and building
maintenance, new construction and land disturbances, and sttansystem maintenance.

The permittees are meeting this requirement by maintaining operation and maintenance training
schedules, training all impacted employees, reviewing, updating, and scheduling pollution
prevention/good housekeeping training preseoms, and conducting coordinated household
hazardous waste collection events.
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Employees of the epermittees receive annual training about stormwater runoff and pollution
prevention. Employees will receive periodic status updates about the impleoreontahe
GBFW project and environmentally sensitive area protections.

In the event the Greater Bonne Femme WaterslasedPlan cannot be used in lieu of Total

Maximum Daily Loads (TMDLS) to redude. coliin the watershed, a TMDL Assumptions and

Requie ment Attainment Plan (ARAP) wil/|l be devel
and requirements in accordance with State law. Additionally, a summary of controls listing

BMPs, expected results of those BMPs, how measurable goals will be utilized toetdtiien
effectiveness of those BMPs, and the status o
annual report.
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ACRONYMS AND ABBREVIATIONS

ACRONYM

AWMS
BMP
CBP
cfu/100mL
CPI
DEM

E. coli
GBFW
HUC
LDC
MDA
MDC
MDNR
MST
NAVD83
NHD
NLCD
NPS
NRCS
PCPI
POC
QAPP
SELECT
STEPL
TN

TP

TSS

DEFINITION

Animal Waste Management System

Best Management Practice

Chesapeake Bay Program

Colony forming units per 100 milliliters
Catchment Prioritization Index

Digital Elevation Model

Escherichia coli

Greater Bonne Femme Watershed
Hydrological Unit Code

Load Duration Curve

Minnesota Department of Agriculture
Missouri Department ofonservation
Missouri Department of Natural Resources
Microbial Source Tracking

North American Vertical Datum of 1983
National Hydrography Dataset

National Land Cover Database

Non-point Sources

NaturalResources Conservation Service
Pollutant Catchment Prioritization Index
Pollutant of Concern

Quiality Assurance Project Plan

Spatially Explicit Load Enrichment Calculation Tool
Spreadsheet Tool for EstimatiRgllutant Load
Total Nitrogen

Total Phosphorus

Total Suspended Solids
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ACRONYM DEFINITION

US EPA US Environmental Protection Agency
USDA United States Department of Agriculture
USLE Universal Soil Loss Equation

WBC Whole Body Contact

WBID Water Bodyldentification

WBP Watersheebased Plan

WSS Web Soil Survey

WQs Water Quality Standards
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SECTION 1

INTRODUCTION

1.1 Background and Problem Definition

The GeaterBonneFemmeWatershed (GBFW) is comprised @2.4 square miles of mixddnd

use including: row cropping, livestock, residential development, and recreation. The GBFW is
located between the rapidly developinties of Ashland (south) and Columbia, Missouri (north),
where population growth has increased by 40 percent over the last 10 years.

The Bonne Femme and Little Bonne Femme Creeks, along with their tribut&eess Creek,
Turkey Creek, Fox HollowBranch, Smith Branch, De@ IceboxSpring Branch, Gans Creek,
ClearCreek, and Mayhan Creelare the focus alevelopment of watershed modelslod GBFW
(Figure 1) The watershed contains sensitive kaebitats, Outstanding State ResoWwaters
andlosing stream hydrology that are vulnerable to watedity degradation. Consequently, land
use and management practices have significant impactisese unique ecosystems. Threats to
these ecosystems include riparian area deforestdéiting on-site sewage systems, nutrients,
pesticides, sediment in stormwater runoff froommercial and residential sites, and animal waste

Water quality parameters of concern in the GBFW streams in@sdkerichia coli(E. coli),
nutrients, andotal suspended solids (TSS)hese are summarized below:

1 The GBFW streams have elevated levels of microbial contamination as measiedoliy
bacteria.E. coli levels have exceeded the recreational season (April 1 through October 31)

geometric mean criteno f or whol e body contact AAO (126
milliliters, cfu/100 mL) and whodb ody cont act ABO (206 cfull

Department of Natural Resources (MDNR) has listedstream segments in the GBFW as
being impaired foE.coion t he statebés 303(d) | ist of i
Bonne Femme CreekWNater Body Identification number [WBID] 1003; Gans Cre&BID

1004; Bonne Femme CreekVBID 750 andr53; Turkey Creek WBID 751; and Bass Creek
WBID 752. The loctions of impaired stream segments are shown in Figure 1. Total maximum
daily loads (TMDLSs) have not been developed for these WBIDs.

1 Missouri has not yet adopted instream criteria for nutrients. Water quality monitoring data from
2001 to 2006 collected aanp of the previous watershddsed plan (WBP) show that reported
total nitrogen (TN) and nitrate concentrations in seveudlwatershexlare higher than the
lower end ofthe nutrient criteria range recommended by the US Environmental Protection
Agency (USEPA) in 2000 (Appendix G, BFSC, 2007). The targets are not water quality
standards but were established by US EPA to be protective of aquatic invertebrate density,
nuisance algal growth, and eutrophication.

1
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1 Elevated levels for phosphorus have been regante)pper Bonne Femme Creek, Little Bonne
Femme, and Fox HolloBranchover the last decade by the US Department of Agricylture
Agricultural Research Servig@)SDA-ARS). A previous watershed plan indicated several
sites inthe watershed had some level pfiisance algal growth associated with nutrient
pollution (Appendix G, BFSC, 2007).

1 High turbidity levels have been reported in the streams during wet weather indicating wash off
of sediment from land (BFSC, 2007).

A previouswatersheebasedplan(WBP)for the GBFW was completed in 2007 and was approved
by Boone @unty,the City of Columbia, the City of Ashlarahd the MDNR (BFSC, 2007The
2007 WBP provided goals andjeneralrecommendations to preserve sensitive ecosystems,
promote best management pragidBMPs), and maintain water quality whilgupporting
economic development. This plan has tedmprovementsn the watershed; however, a more
prescriptive 9element watershed plan is needeckeffectivelyrestore water qualityprotect the
watershed andeduce pollutant loading to GBFW strearBmone County is developing a 9
element WBP which willprovide a road map towards achieving GBFW water quality
improvement goals and be protective of the existing conditions in the watershed. The WBP will
include recommendations for BMP implementation to strategically reduce impacts-pbimon
sources (NPS)n the stream water quality in the watershed

Boone County engaged Geosyntec Consultants (Geosyntec) to deadlldant loading/load

reduction estimates to medS EPA requirements for-8lement WBPs as identified by MDNR

staff, specifically elements@and bl through B3 of USEPAGS 9 required el e me
(Westin, 2019)These elements state:

fiCauses of impairment are broken down by source and quantified by load, percentage,
priority, or other method to identify the extent of the source trgateth as x number of

ani mal feeding operationty within segment 'y
AThe wakltased @ah iactudes load reductions needed to meet water quality criteria

or standards [for the 303(d) list or TMDL] in impaired streams and achieve the

envimment al goal). 06 (EIl ement b
AThe source of the | oad reduction informat.
to estimate pollutant | oad reductions (as

(Element B2)
AThe pl an pr ovi dialsad eduttionsfarteaelspolthnts gaute/saurce,
or groups of similar sourced that need to

This GBFW Modeling Rporti s submitted in support of Boon
information to develop a-8lement WBP.
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1.2 Modeling Objectives

The reason for developing watershed models is to generate information to support the development
of a 3element WBP. This information includes:

1 Maps showing specific NPS which resultin coli (by area category, facility type, etc.)
impairments in the watershed (Element)a

1 Existing condition load estimates for nutrierttstal suspended solidandE. coli from
each land use in the watershed (Elemefit. a

1 Maps that identify specific, critical/targeted areas within thatershed for BMP
implementation to mitigate NPS pollution, and to estimate the areas and/or length of their
extent (Element-a).

1 List of recommendations for BMPs in the critical areas to reduce pollutant loading
corresponding to land use practices indhtcal areas, including prioritization of areas for
implementation and rationale for BMP selection as optimaEfaroli loading mitigation
(Elements €l and €2).

1 Documentation of locations where streambank erosion and riparian corridor degradation
are concerns (Assessed as part of previous WBP).

1 Documentation of pollutant load reduction estimates through the implementation of
proposed BMPs at different implementation levels to improve water quality in the
watershedand ultimately achieve instream watgiality standards fdg. coli (Element €
3).

1 Report documenting data, assumptions, and literature sources for watershed model
development; critical area identification; BMP selection; and estimation of load reductions
from BMPs at differenimplementation levels.
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Figure 1: Greater Bonne Femme Watershed and Tributaries
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SECTION 2
MODEL FRAMEWORK
Two watershed modeiseredeveloped and applied to meet the objectives of the piiofoe for

nutrients andlT'SS and another folE. coli. Brief descriptions of the modeling frameworks are
provided below.

2.1 Nutrients and TSS Model

Geosyntec developed tivatershed model for nutrients am@Susing theUS EPA Spreadsheet

Tool for Estimating Pollutant Loads (STEPL) version 4.4 (TetraTech, 2018). STEPL simulates
annualized estimates of total runoff volume and nutrientTé®8loads based on the Universal

Soil Loss Equation (USLE), watershed characteristicgh(lolefault and usespecified), BMP
implementation, and meteorology. STEPL has been used by MDNR to estimate NPS pollutant
loads for several WBPs. STEPL currently does not simiateli.

2.2 E. coli Model

Geosyntecsimulated E. coli loads using the methotbgy of the Spatially Explicit Load
Enrichment Calculation Tool (SELECT) developed by the Spatial Sciences Laboratory and the
Biological and Agricultural Engineering Department at Texas A&M University (Teague et. al,
2009). SELECT has been applied to assmurces of bacteria contamination for WBPSTaMDBL
projects (Riebschleager et al., 20Bbdrel et al., 2012Borel et al., 2015Roberts et. al, 2015
NTMWD et al.,, 2017 Glen et al., 2017). The methodology is consistent with the guidance
provided by US EPA to estimake coliloading from NPS (US EPA, 2001). This methodology
was selected for application in the GBFW since it is less data intensive and requires leas effort
compared to complex mechanistic models such as HSPF and SWAT, but still provides information
suitable for water shed pl anning pur poses,
methodology is provided below.

Daily E. coliloading from potentiak. cdi sourcesvereestimated for each subwatershed using
equations imablel. E. coliproduction rates are based on literature reported values from US EPA
for fecal coliform (US EPA, 2001). A conversion facteaisapplied to converthefecal coliform
loading rate toan E. coli loading rate, whiclwas estimated using water quality data from the
GBFW. This methodologyid not account for di®ff of E. coliand hence provides a conservative
estimate of loading. The calculation of loads for each potential source in the GBFW is described
below.

Livestock
Livestock in the GBFW contributing to tie coliimpairment includeowsand potentially other

livestock ircluded in the ruminant category consistingsbéep and goats based on the results of

1

S
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microbial source tracking (MST) results conducted by Boone Couddyly E. coli loads for
livestockwerecalculated using equationsTiablel.

Wildlife

Wildlife in the GBFW contributing to th&. coliimpairmentwasidentified as deeflisted in the
ruminant category) based on information from the Missouri Department of Conservation (MDC)
andMST results conducted by Boone Countjie MST results did not indicate contamination
from geeseAlthough habitat in the GBFW is suitable foryotes, markers were not available at
the time the MST analyses were done that would distindgaistoli from coyotes fromE. coli

from domestic dog®aily E. coliloads forwildlife werecalculated usinghe equatiorfor deerin
Tablel.

On-Site Wastewater Systems

Daily E. coliloading from failing orsitewastewatesystemavascalculated usingheequation in

Tablel. An average number ahreepeople per household assumed based on the STERIta

server inputThe model assumes 60 gallons of sewer vollsgenerated per person per deye

areas of the GBFW not served by sewer systems were mapped by Boone County GIS department
to identify the residential areas using thesiie wastewatesystems.

Tablel: Equations for Estimating. coli Load from Different Sources

Source E. coliLoad (colony forming units per day or cfu/day)
Cattle (#Cattle * (10! cfu/day/Cattle) **
Goats (#Goat3 * (1.2*10*°cfu/day/Goat) * ¥
Sheep (#Sheep* (1.2*10'°cfu/day/Sheep) **f
Deer (#Dee) * (3.5*1C° cfu/dayDee) * f*
On-site septic (#Households) Malfunction Rate* (#Average people/household) *
wastewatesystemy (Volume generated/person/dayj?0*cfu/100mL) * (3758.2mL/gallon) *

fl- conversion factor to convert fecal coliforloading rate tcE. coli
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SECTION 3
MODEL DEVELOPMENT AND APPLICATION

The watershed model for the GBFW was developed as per the methodology described in approved
modeling Quality Assurance Project Plan or QAPP (Geosyntec, 2020). déniations from the
approved QAPP were communicated to the Boone County Project Manager and MDNR, and
subsequently approved. They are documented in this report, wherever applicable, along with the
discussion of the effect of the deviation on model qualityis section documents the data,
assumptions, and methodology used to develop and apply the watershed model for the GBFW.

3.1 Existing Data Sources

The existing datatilized for the development of the@atershednodelfor GBFW are summarized

in Table2 along with the data sourceé&d/here available, data from Boone County and other local
agencies in the watershe@rused for model development to help enghet model results are
reflective of the existing conditions of GBFWA brief description of each data type is also
provided below.

3.1.1 Hydrology

Hydrology information for the GBFW such as Hydrological Unit Codes (HUCSs), rivers, and
streams were obtained fratime United States Geological Survey (USG®tional Hydrography
Dataset (NHD/NHD Plus, USGS, 2019). These data were used for delineation of GBFW into
smaller subwatersheds.

3.1.2 Land Cover

The land cover data was downloaded from National Land Cover Databa€®(12016).Table

3 shows the breakdown of the land use in the GBFW. Review of the land cover data shows that
mostof the watershed is rural and forested, with most development occurring cloitiesaf

Ashland (south) and Columbia, Missouri (noyidmd some along the Highway 63 corrideigre

2). About 13% of thewatersheds cropland, primarily east of Highway 63, where there is flatter

land and deep soils. Pasture is ab88% of the total watershed area, spread throughout the
watershed. Various forest types cover an aduiié4%, most of it occurring west of Highway 63

in the areas with steeper terrain. Suburban and commercial development cover about 9% of the
total watershed area. Other land use (open water, wetlands, shrub, grassland and barren land)
covers about 2% ohe total watershed area.

The land cover for the GBFW, presented in Table 3, was categorized as urban, cultivated crops,
pasture/hay, forest and other based on land use categorizes defined in STEPL model. Other land
use includes all land uses that do noirfto urban, cultivated crops, pasture/hay or forest. The
MOWS5510Greater Bonne Femme WBpendices_20286-12_EPA ACCEPTED.docx 1
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acreage for open water was not included in the watershed model as open water was assumed to not
contribute to pollutant loading.

Table2: Existing Data Sources for Developmief Watershed Models

Category Required Data Data Source
Watershed boundaries National Hydrography Datase
Hydrology Rivers National Hydrography Datase
Streams Plus
Parcel GIS dz_ita with I_and use/land cover National Land Cover Databas
Land Use / information
Land Cover Land use zoning map (for urban land use Boone County Zoning
distribution) Information Viewer
Topography / Lidar USGS 3D Digital Elevation
DEM Program (1 m resolution)
Soil Data

Soil coverage

Temperature, cloud cover, dewpoint temperat . L
. o o ) .| National Climatic Data Centre
Meteorological| precipitation, solar radiation, wind, potential

SSURGO dataset

o Missouri Mesonet
evapotranspiration
. . Missouri Department of
Impairments Impaired streams
Natural Resources
Event Mean | Event meartoncentration for nutrients and TS
. ) - STEPL default values
Concentration associated with different land use
Sediment wasl . : Default parameters in STEP
Universal Soil Loss Parameters . .
off parameters for Boone County, Missouri
On-site . : Columbia/Boone County
Wastewater | Population per ofsite wastewater system, sept .
: Public Health & Human
System failure rate .
. Services
Information
Feca! Daily fecal production rates from different
production US EPA (2001)
sources
rates
Animal , _ . .
. Livestock andwildlife animal population Boone County/MDC
Populations

Table3: Existing LandCoverBreakdown for the GBFW

Land Use Percent Land Use (%)
Urban 9
Cultivated Crops 13
Pasture/Hay 33
Forest 43
Other 2

MOWS5510Greater Bonne Femme WBpendices_20286-12_EPA ACCEPTED.docx
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3.1.3 Topography

A high resolution oneneter Digital Elevation Model (DEMpr GBFW downloadedhrough the
USGS 3D Elevation Programvas used for watershed delineatiohhe DEM uses the North
American Vertical Datum of 1983 (NAVD83).

3.1.4 Soils

The soils data for the GBFW weextracted using the Web Soil Survey (WSS) application by
USDA NRCS (USDA, 2019). The soils data extracted as GIS shapefiles were used to identify the
type of soil and assign hydrologic soil group to each of the delineated subwatersheds. The majority
of GBFW consists of soil in hydrologic soil group Bigure3), characterized as soils having a

very slow infiltration rate, high runoff potential and very slow rate of waégismission.

3.1.5 Meteorology

For the GBFW, the STEPL model uses mean meteorological data from Columbia Regional Airport
weather station (Station IGHCND: USW00003945, latitude/longitude: 38.8182/2183. The
location of the weather station is showrFigure?2.

3.1.6 Septic Systems

A non-sewered parcel layer and building location point shapefile received from Boone County was
used to determine number of households in Boone County that relysite evastewater systems.

The areas of the GBFW not served by sewer systems were mapp®oobg County GIS
department to identify the residential areas using th&tewastewatesystemsKigure4). Boone

County alsgprovidedbuilding locdion and use data. The building usegesidentiall- and 2

family houses house, mobile home, livestock operation home, farm in use & farm residential,
double wide on acreagand residential structur@s the nonsewered parcels were assumed to be
on-site wastewatesystens. The number of households were determined td,688 using this
information. The use of building data for determining the number of households represents a minor
deviation from the approved QAPP, which included the use of Censudoddtas purpose.
Geosyntec determined that Census data were too coarse for application at the subwatershed level.
The use of building data providedrere accurate estimate of number of households usksgen
wastewater systems, which improved the dyaif model.

An average of three persons persie wastewater system was used based on the STEPL data
input server. A septic failure rate of 10 percent was assumed for the GBFW based on the results
of MST which indicated a very low signature of humaarse inE. colimeasurements.

MOWS5510Greater Bonne Femme WBpendices_20286-12_EPA ACCEPTED.docx 3
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Figure 2: Greater Bonne Femme Watershed Land Cover
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3.1.7 Animal Population

Boone County has geographically referenced count data for, gaititand sheejfor the calendar
years 2017 and 2018. The average of livestock countsZ@dm and 2018 areusedto calculate
E. coli, nutrient andTSSloads from livestock for each subwatershed.

The deer population for Boone County was calculated using an estimate of 36 deer per square mile
provided by Missouri Department of ConservatiogfMDC) for Boone County(per emalil
correspondence with Jason Isabelle, the Cervid Program Manager at MDC on July 23, 2020)

3.2 Identification and Mapping of E. coli Pollutant Sources

Major potential NPS oE. coli pollutant loadingvereidentified and mapped (elemen#af the
WBP). The NPS oE. coli thatwereinvestigated include livestock (cows, sheayu goat and
wildlife (deer), and failingpn-site wastewatesystems. MST resulfsom Boone Countyvereused
with other informatiorsuch as land use and animal density to map specific NBEcofi (by area
category, facility type etc.) in the GBFW. Based as thvestigationthe detectable sourcesbf
coliin the GBFW ardivestock, wildlife, and failing orsite wastewater systes, which are mapped
in Figureb.

3.3  Watershed Delineation

The GBFWwasdelineated into subwatersheds usingAhe Hydro Tool in GIS Thedelineation

for the watershed consisting of@Subwatersheds is shownkigure6. Subwatersheds with areas

less than 10 acres were merged with adjoining subwatersheds based on drainage pattern to avoid
very small subwatershedghis is a minor deviation from the MDNR appeal QAPP (Geosyntec,

2020) and was done to ensure that subwatersheds do not show up as critical hotspots for load per
acre because of their siZéhe area of thdelineatedsubwatersheds ranges frdrhacres tdl,097

acres. The average subwatershed ar@d@sacres. The estimation of pollutant load at the fine
resolution subwatershed level alleavbetter identification of critical areas with greatest load
generating potential.

3.4 Watershed Modeling of Baseline

Geosyntec developed watershed models to estithatexisting loads foE. coli, nutrients, and

TSS (element-d of WBP). Pollutant loads were estimated for each of the subwatersheds shown

in Figure6.Nut ri ent and TSS | oads were estimated us
4.4 (TetraTech, 2018[. coliloads were simulated using the methodology of SELECT. SELECT
simulates the annualized loadingeofcolifrom various sources within a mixed larskuvatershed

1 Boone County reported data for lambs and ewes and llathascount oewes and llamasas used fosheep and
lamb countvas used fogoat
MOWS5510Greater Bonne Femme WBpendices_20286-12_EPA ACCEPTED.docx 7
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based on spatial inputs such as, animal population density and septic systems. Additional details
about STEPL and SELECT are provided in SecBidn

3.4.1 Nutrients and TSS

The STEPL model Excel workbook can only simulate 50 subwatersheds at Blénte 5 STEPL
workbooks were set up for the 250 delineated subwatersheds. The simulated loading results for
nutrients and TSS were combined from the 5 STEPL workbooks with 50 subwatersheds each.
Existing BMPs provided by City of Columbia, Boone Countyl d&Jniversity of Missouri were

also input into the BMP input for the GBFW modBlefault model input datesuch as BMP
treatment efficiency, event mean concentratiansl sediment wash off parametevere checked

for applicability in GBFW based on values reported in peer reviewed studies Midwesern

US (Section 3.7) Electronic files for model inputs and STEPL models are provided with this
report Appendk A).

3.4.2 E. coli

The methodology descridén Sectior2.2was implemented in a single Excel spreadsheet for 250
subwatersheds to calculate the E. coli daily loading for each subwaterstetiaP®PS of E.

coli pollutant loading that are likely causing the water quality impairment are shdvigure5.

The subwatersheds with reportedeltock are shown ifigure 7. These subwatersheds are
generalized because livestock are often set out to graze in rotational patterns betweers paddock
and their precise location cannot be identified. The contribution of different potential sources to
the total E. coli loading was determined using the SELECT model. The E. coli model calculated
the loads on a subwatershed basis. This approach was dddorihe QAPP that was approved

by MDNR. An electronic file for the E. coli model is provided in Appendix B.

MOWS5510Greater Bonne Femme WBpendices_20286-12_EPA ACCEPTED.docx 8
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35 Identification of Critical Areas

Critical areas in the GBFW for BMP implementation wielentified, prioritized, andmapped as
perthe guidance from US EPA (US EPA, 2018)satisfy the requirements of sement WBP
(elements & and el of WBP).

Geosyntec apmd a Catchment Prioritization Index (CPI) that was developed for watershed
planning The CPlprioritizes BMPs when addressing multiple pollutants (Geosyntec, 2@06)
identify critical areas for BMP implementatioh CPl was calculated for the subwatersh&uswvn

in Figure6 based on pollutants of concern, pollutant loading, and impairnfehtgher CPI score
would indicate higher priority of a subwaterdfer BMP implementation.

The steps for calculating the CPI are:
1. For each pollutant of concern (POC), ife. coli, TN, total phosphorus (TP), and TSS,

the pollutant catchment prioritization index § 0)'®as calculated using the following
equaton:

C
o
C
®)

where,0 is the estimated unit acre load for subwatershed
s and pollutant of concern i.

2. PCPIs were weighted by a weighting factor for each POC and summed to calculate the
Total PCPI for each subwatershed. Proposed weighting factors for different pollutants of
concern are provided iarror! Not a valid bookmark self-reference. below. The use of
the selected weighting factors in Table 4 puts the strongest emphasis on addre$sing the
coli impairments, with a secondary emphasis on optimizii®s and nutrient load
reductions.

YE OWXN0 'O 0 60 00

Table4: Proposed Weighting Factors for Pollutants of Concern

Pollutant of Concern | Weighting Factor (F)
E. Coli 10
Total Nitrogen 3
Total Phosphorus 1
TSS 1
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3. For subwatersheds with downstream impairments, the Total PCPI are multipdiéaldbyr
for each downstream impairmeAtsensitivity analysis was conducted to assess the impact
of magnitude of downstream impairment factor and location of downstream impairment
on the prioritization of subwatersheds. A factor of 1.1 was deemed appropriate for Bonne
Femme watershed in consatibn with MDNR and Boone Countylhis is a minor
deviation from the approved QAPP, which included usindactor of 2 for each
downstream impairment. The change was necessitated because using a factor of 2 was
resulting in higher weighting of subwaterskedith low simulated loads but located
upstream of multiple impaired streams. The usefattor of 1.1 prioritized subwatersheds
with higher simulated pollutant loading located downstream of the impaired streams. This
change improved the identificationnd prioritization of subwatersheds for BMP
implementation

4. The CPI for each subwatershed is calculated by normalizing the Total PCPI, scaling by
five (5), and rounding to nearest integer:

YE OXN0 "0

7 U
00 @BYE 00 O

_—

60021 6

The normalization and scaling of CPI results in binning of subwatersheds with CPI scores in the range
of 1 to 5. This approach provides the stakeholders with more options for BMP implementation in the
critical areas corresponding to higl@&®l bins.

Subwatersheds with the highest C&isidentified as critical areas for BMP implementation. The
use of the CPI scoring approach alemgubwatershed prioritization for implementation of BMPs.

Other critical areas in the watershed include sitbat are particularly sensitive to runoff and
erosion. These areas were identified usinggensitivity analysisonducteds part of the previous
WBP (BFSC, 2007)These critical areageremapped alongith the critical areas identified using
the CPImethodology described above.

3.6 BMP Selection

A BMP is defined as an environmental protection practice used to control pollutants. For the
critical areas identified using the methodology described above, the feasibility and effectiveness
of cropland pasturednd,streambank, osite wastewater systems, and urban BMPs were assessed.
The POC in the GBFW include coli, TN, TP, and TSS. Although the primary focus of the BMPs
selected for this report reduée coliloading, many of the BMPs selected have a positive effect
on reducing the loading of multiple POCs. The BMP selection for this project was based upon the
recanmendations from MDNR anMissouri Soil and Water Conservation Progré8WCP),

which is included in Appendix C. A brief description of example BMPs assessed for
implementation in the GBFW is provided below.

MOWS5510Greater Bonne Femme WBpendices_20286-12_EPA ACCEPTED.docx 13
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3.6.1 Cropland BMPs

Cropland BMPs control the runoffdm agriculture fields resulting in reduced sediment and
nutrient loading. Given the size of the subwatersheds used in the models, the use of cropland BMPs
would also manage any runoff from adjacent land use types or subwatersheds. This would result
in redwced loading of other POCs which could inclilecoli given the proximity of some of the
cropland to pastureland in the GBFW. Seven types of BMPs were assessed for implenmentation
the cropland areas of the GBFW:

1 Cover Crops are shorterm crops grown aft the main cropping season to rede€aC
loadingfrom the farm fieldor adjacent areas

1 Nutrient Management helps the farmer maximize profits by balancing crop yields and
nutrient inputs. Using a nutrient management plan, farmers can optimize the economi
returns from nutrients uséad productionminimize nutrient losand improve water quality
at the same time

1 Conservation Tillage involves the planting, growing, and harvesting of crops with
minimal disturbance to the soil. This practice uses seeddrteahniques that are more
precise and require fewer passeslucing the amount of fuel used for farm equipment in
addition to reducing POC loading

1 Terracesare earth embankments and/or channels constructed across the slope of the field
to intercept runff and trapPOCs contained in runoff

1 Vegetated Buffersare areas of crop fields maintained in permanent vegetation to help
reducePOC loading from the farm fields or adjacent areas

1 Retention PondstrapPOCsin runoff and provide habitat for wildlife

1 Regenerative Agricultureis aholistic approach for agriculture that foes®n practices
that involve minimizing soitlisturbancgkeeping soil coverage, increased plant diversity,
keeping living root in the gloas much as possible and integrating animals into the farm.
Example of regenerative agriculture practices include diverse crop rotation, multi species
cover crop, ndill and low till farming, soil managemenprairie stripsand rotational
grazing.

3.6.2 Padureland BMPs

Six types of pastureland BMPs were assessed for implementation in the pasture areas of the
GBFW. Some of these BMPs limit the source of POC from feeding operations and others reduce
the pathways for the POC to enter the adjacatérbodies.

1 Manure Management or animal waste management systems involve manure storage,
transportation ofsite, and improvements in manure recoverability. This practice reduces
the source of nutrients and bacteria in the runoff.
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Grazing Management involves controlling the movement of animals on the field.
Grazing, movement and manure deposition by the animals encourages growth of pasture
vegetation. However, animals can overgraze a pasture if they are not moved to a fresh area
frequently enough. By rotiag animals to other areas or pastures, the recently grazed
vegetation has an opportunity to regrow, whitipedes flow of runoff across the pasture
andimproves the soil nutrient contefithe improved soil nutrient contergduces the need

for fertilizer application in the field and redugeutrient loading

Fencing of streams and other waterbodies is designed to prevent livestock from entering
the waterbody. This prevents livestock frdepositing manure directly into the waterway
and from damaging stredanks

Vegetative Filter Strips are vegetated areas that receive stormwater runoff from a
pastureland with animal feeding operations.

Livestock Exclusion / Alternative Sources of Watelinvolves fencing of streams and
other waterbodies to prevent livestoflom entering the waterbody, coupled with
providing alternative sources of water.

Wetland restoration or creation projects on pastureland provides numerous crucial
environmental functions such as wildlife habitat, flood protection, and water quality
improvements.

Streambank BMPs

Streambank BMPs are installed along the banks of streams to reduce POC loadings into the
receiving streams, improve water quality, and improve the biological condition along the stream
bank. Two types of streambank BMPs were adergd for implementatiom the GBFW:

T

Stream Restoration includes natural channel design, regenerative stream channel
projects, and legacy sediment removal. These approaches are carefully designed
interventions to improve the hydrologitydraulic, geomorphic, water quality, and
biological condition of degraded streams.

Streambank Buffersincludesriparian buffer, vegetative buffer or reinforcing the existing
tree line in the vicinity of stream bankometimes implemented with stream esabn
fencing to restrict animal access to the stream, to improve the biological condition of the
streambankUS Department of Agriculture provides cost share for stream buffer practices
through federal programs such as the Conservation Reserve Progranoniental
Quiality Incentives Program and Wildlife Habitat Incentives Program.

3.6.4 On-site WastewaterSystem BMPs

Onsite wastewater system BMPs address the POC loading from failisiieomastewater
systems that leak bacteria or nutrients into surfacernaatk groundwater. This practice involves
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replacing old systems with more reliable systems and/or repairing malfunctioning treatment
systems, failing drain fields, or waste lagoon systems.

3.6.5 Urban BMPs

Urban BMPs are designed to reduce the quantity and wmaghe quality of stormwater runoff

from impervious surfaces in urban areas. The selection and implementation of urban BMPs are
subject to sitespecific constraints such as local hydrology, soil infiltration feasibility, and space
restrictions. Four commdnused urban BMPs assessed for implementation in GBFW include:

1 Bioretention systemsconsist of a soil bed planted with suitablgive vegetation.
Stormwater runoff entering the bioretention system is filtered through the soil planting
bed before being dcharged downstream.

1 Grass swalesor ditches, can be placed in residential areas or along major roadways to
help reduce peak runoff through infiltration and storage.

1 Wetland basinsare maAamade systems engineered to approximate the \gbgansing
procesf natural wetlands. They are used to filter runoff from urban impervious areas
and provide habitat for some wildlife.

1 Detention pondshold stormwater runoff until pollutants settle to the bottom. The water
is then released slowly into the stream, reducing flooding and POCs in the discharge.

In addition to recommending the installation of new BMPs where applicable, Table 5 also lists
maintenance of existing BMPs under a stormwater management plan for a commercial area in
the GBFW.

3.7 Pollutant Load Reduction and Feasibility Assessment

The effectiveness of load reduction and feasibility of implementation of the BMP types selected
in Section 3.6 are described below.

3.7.1 BMP Pollutant Load Reduction Effectiveness

Percent load reduction efficiency data were extracted from literature review to estimate the load
reduction of the selected BMPs for the GBFW. The literature review includes sigmwigraired
watershed case studies, watershed plans for similar watersheds and agricultural BMP reference
guides. Percent load reduction was extracted for each BMP to reduce the load for each POC in the
GBFW.

3.7.1.1Literature Review

A literature review was calucted to estimate the BMiercent removal efficiencider the four
POCs in the GBFW. Due to the limited performance data availablg&.fooli treatment and
agricultural BMPs in general, no single source of data covers the performance of all typd3sof BM
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listed in Section 3.6. Six sources of data were analyzed, from which BMP performance data is
extracted:

a)

b)

d)

e)

Spring River Nonpoint Source Watershed Plan

The WBP was written for the Spring River Watershed to address impairments caused by
nutrients andsediment (MDNR, 2015). The list of considered BMPs in the Spring River
Watershed study is similar to the list presented in Section 3.6 for the GBFW, including urban,
agricultural, streambank and-site wastewater system BMPs. The BMP removal efficiency
data for nutrients and sediment from this WBP were utilized for this project, where applicable.

International Stormwater BMP Database 2016 Summary Statistics

The International Stormwater BMP Database (the Database) is a publicly accessible
repository for BMP performance, design, and cost information. Since the initial development
of the BMP Database in 1996, a portfolio of more than $200 million in water quality research
is represented in the Database. The 2016 summary statistics of the Database inttueiet trea
performance of urban BMPs for TN, TP, and TSS (Clary. J. et al. 2017). The median removal
percentage for each BMIPOC pairing for all case studies in the Database was extracted from
the report and used in this evaluation to estimate load reductions.

Effectiveness of BMPs for Bacteria Removal Developed for the Upper Mississippi River
Bacteria TMDL

A literature review was conducted to inform the selection of the most practical and effective
implementation strategies to improve water quality in the Upfississippi River Bacteria

TMDL project area in the state of Minnesota (Tilman, L. et al., 2011). This literature review
evaluated research findings regarding the effectiveness of various BMPs to reduce bacteria
loading to surface waters. Only a limitegnber of BMPs were reviewed in this data source,

but multiple studies were analyzed for each type of BMP. The median load reduction
performance for indicator bacteria from all studies included in the data source for each type
of BMP was extracted and uskedthis project for calculating. coliload reduction.

The Agricultural BMP Handbook for Minnesota

This literature review, published by the Minnesota Department of Agriculture (MDA),
included empirical research on the effectiveness of 30 conservataitesai.e., agricultural
BMPs (MDA, 2012). Nutrient, sediment, and limited bacteria removal performance data for
the 30 BMPs is available in this data source.

Chesapeake Bay Quick Reference Guide for BMPs
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The Chesapeake Bay Program (CBP) is a regionghgrahip that leads and directs
Chesapeake Bay restoration and protection. This reference guide provides summarized
profiles for each CBRpproved BMP, including the effectiveness in pollutant load removal,
cost and feasibility of implementation (CBP, 3)1In this data source, BMP load reduction
percentages are often summarized for specific land use, crop types;tgpeuald the BMP.

For the purpose of this project, the median value of the load reduction for eactP®NIP
pairing was extracted from thieference guide.

3.7.1.2 POC Load Reduction Efficiencies

Table5 summarizes the load reduction percentage of each BMP listed in Section B.6Cklr,
TN, TP, and TSS and the corresponding source of data from the six sources listed in Section
3.7.1.1.

Table5: BMP Pollutant Load Reduction Efficiencies Used for Calculating Load Reductions through

BMPs
BMP Type BMP E. Coli TN TP TSS
Cover Crops o¢ 0.23° 0.07¢ 0.1¢
Nutrient Management o¢ 0.05¢ 0.05° 0.25°
Cropland Conservation Tillage o¢ 0.08¢ 0.35° 0.47¢
Terrace 0¢ 0.38° 0.3° 0.36°
Vegetated Buffer 0.59¢ 0.36° 0.5P 0.5P
Retention Pond 0.7¢ 0.5° 0.5P 0.5P
TP, TN ancE. Coliremoval based on percent
Manure Management
manure removed from the feedlot.
Grazing Management | 0.3¢ 0.09¢ 0.24¢ 0.3¢
Fencing 0.35° 0.34° 0.42¢ 0.56°
Pastureland | Vegetative Filter Strip | 0.7¢ 0.32¢ 0.5° 0.56°
Livestock
Exclusion/Alternative 0.35°¢ 0.34¢ 0.42¢ 0.56¢°
sources of water
Wetland 0.78° 0.42¢ 0.4¢ 0.31°
Streambank Stabilizatiof — 0¢ Ib(;}?t/7y5re Ib(;)(f)t?ﬁe Isz/fAtf/E;re
Streambank Buffer 0.7¢ 0.34° 0.42¢ 0.56°
Streambank Vegetated Buffer with 0.7¢ 0.34¢ 0.42¢ 0.56°
Trees
Permanent vegetation
establishment in ripariar; 0.7°¢ 0.34¢ 0.42¢ 0.56°
buffer
Bioretention 0.82 0.162 02 0.752
Urban Grass Swale 0@ 0@ 0@ 0.162
Wetland Basin 0.642 0.042 0.25% 0.55%
Detention Pond 0.642 0@ 0.172 0.642
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Maintain existing BMPs
in accordance with the| 0.7¢ 0.5° 0.5° 0.5°
SWPP (Retention Pond]

On-site TN, TP and TSS removal based on percent of

Repair/Replace progran

Wastewater sitewastewater system repaired/replaced
The data source for the load reduction rate for each-BIE pairing is from one of the six data
sources listed in Section 3.8.1.1:

a- International Stormwater BMP Database 2016 Summary Statistics;

b1 Spring River Nonpoint Source Watershed Plan;

c - Effectiveness of BMP for Bacteria Removal Developed for the Upper Mississippi River
Bacteria TMDL;

di The Agricultural BMP Handbook for Minnesota;

el Chesapeake Bay Quick Reference Guide for BMP;

As shown inTable5, load reduction percentage of all BMPs listed in Section 3.6 for each of the
four POCs are extracted from the literature review, except for mmananagement, streambank
stabilization, and ogite wastewater system BMPs. The load reduction resulting from manure
management depends on the amount of manure collected, stored, transferred, or removed from the
feedlot. The load reduction resulting fr@treambank stabilization is a function of the length of
streambank stabilized. The load reduction resulting fromsi@nwastewater system BMPs is a
function of the percentage of -@ite wastewater systems repaired or replaced. As a result, the load
reducton of these three types of BMPs cannot be represented as percent of load removal from the
BMPs6 tributary areas.

3.7.2 BMP Implementation Feasibility Assessment

In addition to selecting the appropriate types of BMPs most effective for the POC in the GBFW,
the lcation for each type of BMP implementation was also asse3sed.feasibility of
implementing a certain type of BMP in a subwatershed was assessed based on factors including
the land use, space constraint, slope and vegetation of the subwatershedypadxmei source

of POC to the stream, cesftfectiveness and stakeholder involvement. The feasibility assessment
process is summarized below:

3.7.2.1 Cropland BMPs

Cropland BMPs are feasible frcationswith a larger proportion of cropland land use. Cover
crops nutrient managementonservation tillagend regenerative agricultucan generally be
implemented in cropland areas of the watershed without space constraints since these BMPs do
not reduce the existing footprint of the croplaHdwever, there are ciantly not data available

to quantifyE. coli load reduction from implementation of these practidesraces, vegetated
buffers,and retention ponds require extra space to implemérdan result in reduction & coli

load In addition, terraceare typically implemented in cropland areas with moderate to high
slopes which may already be difficult to farm
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3.7.2.2 Pastureland BMPs

Pastureland BMPs are suitable for locations with dominant pasture/hay land use. Manure
management requires construction of structures designed for collection, transfer, and storage of
manures and associated wastes. As a result, the practice requirelsgaedacility, including
operation and maintenance. Grazing management involves rotating paddocks which requires
sufficient pastureland area relative to the animal population in the subwatershed, along with
fencing and water sources for each paddocketaive filter strips and wetlands also require extra
space to be installed adjacent to the pastureland, while livestock exclusion fencing requires a
limited amount of space for implementation, but often requires infrastructure to provide alternative
wate sources.

3.7.2.3 Streambank BMPs

Streambank restoration projects are feasible for stream segments that are eroded severely or
composed with karst formation in the streambed. Streambank restoration usually requires the
services of an engineer, which can make tiipe of BMP more expensive for landowners. The
Subwatershed Sensitivity Analysis done as part of the previous WBP (BFSC, 2007) was used to
identify areas that are suitable for streambank restoration projects, which include:

- Clear Creek

- Upper Little Bonnd=emme Creek before confluence with Clear Creek

- Mayhan Branch

- Bonne Femme Creek between U.S. Route 63 and confluence with Turkey Creek

- Turkey Creek

- Lower Bass Creek between U.S. Route 63 and confluence with Turkey Creek

- Fox Hollow Branch

The feasibility ofimplementing streambank buffers in a subwatershed depends on the distance
from the source of pollutants (e.g., animals) to the waterbody and whether vegetation already exists
adjacent to the waterbody which can be enhanced for implementation of theepracti

3.7.2.4 On-site wastewaterSystem BMPs

On-site wastewater system BMPs are suitable for areas with existisleonwastewater system
with indications of failure.

3.7.2.5 Urban BMPs

Urban BMPs are feasible for subwatersheds with a significant amostarofwater runoff from
impervious surfaces. Space, soil infiltration capacity, local hydrology, and stormwater regulatory
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requirements are some of the major factors that affect the feasibility and design of urban BMPs
Urban areas in the GBFW watershedlude the southern part of the City of Columbia, the
northern part of the City of Ashland, the Columbia Regional Airgordthe Community of Deer

Park along U.S. Route 63.
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SECTION 4
RESULTS

This section documents the estimated baseline loading, identified critical areas, recommended
BMP strategy and estimated load reduction from the implementation of recommended BMPs in
the GBFW.

4.1 Baseline Loads

Baselineunit loads (peunit acreper day or yeanvere estimatedsing the two watershed models,
STEPL and SELECT, for each subwatershsdlescribed irhe following sectioa

4.1.1 E. coli

The potential sources &:. coliloading in the GBFW include livestock, wildlife, and failing-on

site wastewater systems. Dalty coliunit loads simulated using the SELECT modeling approach
are shown irFigure8 for each subwatershed. The daycoli unit load ranges from 0 to 4.91 x
10'° cfu/per acre/per day. Loading from livestock (specifically cows) constitutes the largest
proportion of simulated loads. Failing-gite wastewater and wildlife atribute a small portion

of the simulatedE. coli unit loads. These results are in agreement with the results of MST
conducted by Boone County.

4.1.2 Total Nitrogen

TN is commonly foundn surface waters and sesvas a primary nutrient for aquatic species.
Major anthropogenicsources that delivefN to streamswithin GBFW include runoff from
agricultural fieldspn-site wastewatesystems, urban rungfind animal agriculture.

Yearly TN unit loads were simulated using the STEPL model and are maggigdried. The TN

unit loads in the GBFW range from 0.7 to 47.4 Ib/acre/yEae. subwatersheds with maximum
loading for TN have pastureland and cropland as their dominant landuses. tHengesatest
reduction in TN nutrient loading would be achieved by implementing BMPs in subwatersheds with
a majority of pastureland and croptan

4.1.3 Total Phosphorus

Similar to TN, TPserves asa primary nutrient for aquatic species. Majanthropogenisources
that deliverTP to streamswithin the GBFWinclude fertilizer los from croplands.agricultural
fields, on-site wastewatesystemsurban unoff, and animal agriculture.

Yearly TP unit loads simulated using the STEPL model are mappeédune 10. The TP unit
loads range from 0.2 to 10.1 Ib/acre/year. &nib TN, the subwatersheds with maximum loading
for TP have pastureland and cropland as their dominant landuses.
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4.1.4 Total Suspended Solids

Major sources that delivaiSSto streamsvithin GBFWincludecultivated areas, areas undergoing
development, and hidy impervious land uses such as roads, industrial, residential, and urban
areas.

Yearly TSS unit loads simulated using the STEPL model are mapjeégurell. The TSS unit
loads range from 0.1 to 5.8 tons/acre/y@due figure suggests that the greatest reduction in TSS
would be achieved by implementing BMPs in watersheds awuitfajority of cultivated crop and
transportation land use.
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4.2 ldentified Critical Areas

The CPlwas calculated for each subwatershed using the methodology described in $éction

The calculated CPIs are shownFigure12. The CPI scores range from 1 to 5, and a higher CPI
indicates a higher priority for the subwatershed. The subwatershed with the largest CPI score
drains to Bass Creek. Twerfigur subwatersheds had CRlgial to or greater thani2these were
identified as critical areas for BMP implementation in the GBFW. The POCs for each of the
identified critical subwatershed and the downstream impaired stream are shown in Table 6.
Eighteen priority subwatersheds, wifli®l score ranging from 5 to 2, hakecolias the primary

POC. The area of these eighteen subwatersheds constitutes about 90 percent of total area of
prioritized subwatersheds. Six of the twefawyr priority subwatersheds (Subwatershed 73, 140,
181, 185,188,189) have a CPI score of 2 with zEracoliloading. The implementation of BMPs

in these six watersheds would be geared towards reducing nutrient loading and TSS to work toward
the protection component of the waterstaded plan being developed bgddie County.

Table6: Pollutants of Concern in Critical Areas

*
Subwatershed ID Area (ac) ScCoFr)é** Downstream Impaired Stream ™ TPPO”_l’Iltélgt E coll

8 114 2 Gans Cr. X X X X
36 185 5 Gans Cr. X X X X
73 25 2 Bonne Femme Cr. X X X

75 156 2 Bonne Femme Cr. X X X X
98 124 2 Bonne Femme Cr. X X X X
132 189 4 Turkey Cr. & Bonne Femme Cr. X X X X
139 356 4 N. Fork Turkey Cr. X X X X
140 20 2 Turkey Cr. & Bonne Femme Cr. X X X
141 143 2 Turkey Cr. &Bonne Femme Cr. X X X X
143 70 4 N. Fork Turkey Cr. X X X X
144 202 2 N. Fork Turkey Cr. X X X X
157 97 2 Bonne Femme Cr. X X X X
167 135 3 Bass Cr. X X X X
181 145 2 Bass Cr. X X X
185 37 2 Bass Cr. X X X
188 177 2 S. Fork Turkey Cr. X X X
189 23 2 S. Fork Turkey Cr. X X X
200 144 4 Bonne Femme Cr. X X X X
220 560 2 Bass Cr. X X X X
226 288 3 Bass Cr. X X X X
241 159 2 Fox Hollow Br. X X X X
242 487 2 Bass Cr. X X X X
243 429 3 Bass Cr. X X X X
245 75 2 Fox Hollow Br. X X X X
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Figure 12 Catchment Prioritization Index
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4.3 Recommended BMP Implementation Strateqgy

Watershedvide BMP implementation was recommended for the critical areas in the GBFW.
Watershedvide BMPs represent future potential projects whose location is not specifically
identified in the WBP. The BMPs may be implemented at any appropriate logatithe
subwatershed at the discretion of Boone County and other stakeholders.

One primary BMP and one alternative BMP are proposed for each of the 24 identified critical
subwatersheds in GBFW, based on the loading analysis. The BMP types are seledted thase

POC and the land use in the subwatershed. For primary and alternate BMPs, priority was given to
the BMP types that result . coliload reduction. Additional BMPs that could be considered for
implementation in the critical subwatersheds were also listed to provide additional options for
landowners participating in BMP implementation. The BMP recommendations for subwatersheds
locatedn sensitive karst areas were tailored based on recommendations from the Missouri SWCP.
Table 7 shows the recommended watershed wide BMPs and the corresponding land use types
where they would be appropriate for the identified critical area subwatersheds.

For this project, load reduction resulting from the proposed watershed wide BMPs were estimated
for three implementation milestones

1) 7-Year Implementation Milestone: selected BMPs are implemented at 30% of the
applicable land use area or stream lengthénsubwatershed.

2) 14-Year Implementation Milestone: selected BMPs are implemented at 60% of the
applicable land use area or stream length in the subwatershed.

3) 21-Year Implementation Milestone: selected BMPs are implemented at 90% of the
applicable land usarea or stream length in the subwatershed.
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Table7: WatersheeWide BMP Recommendations

Area CPI WatershedWide BM.P Alterna.te Additional BMPs
Subwatershed ID Recommendation (Applicable Watershed-Wide BMP
(ac) Score S .
location in subwatershed) Recommendation
Livestock exclusion/Alternative Permanent vegetation establishme Regenerative
8 114 2 source of water (P) in riparian buffer (S) Agriculture (C)
Regenerative
36 185 5 Fencing (P) Grazing Management (P) Agriculture (C)
73 25 2 Vegetated Buffer (C, S) Streambank buffér(S)
75 156 2 Streambank buffé(S) Vegetated buffer (C, S)
98 124 2 Streambank buffé(S) Vegetated buffer (S)
132 189 4 Grazingmanagement (P) Fencing (P)
139 356 4 Fencing (P) Grazing Management (P)
Regenerative
140 20 2 Vegetated Buffer (C) Retention pond (C) Agriculture (C)
Regenerative
141 143 2 Vegetated Buffer with Trees (S Streambank buffé(S) Agriculture (C)
143 70 4 Grazing management (P) Fencing (P)
Livestock exclusion/Alternative Permanent vegetation establishme Regenerative
144 202 2 source of water (P) in riparian buffer (S) Agriculture (C)
157 97 2 Grazingmanagement (P) Fencing (P)
167 135 3 Grazing management (P) Fencing (P)
Maintain existing BMPs in
181 145 2 Vegetated Buffer (C) accordance with the SWPP (U)
Regenerative
185 37 2 Vegetated Buffer (C) Retention pond (C) Agriculture (C)
Regenerative
188 177 2 Vegetated Buffer (C) Retention pond (C) Agriculture (C)
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Area CPI WatershedWide BM_P Alterna_te Additional BMPs
Subwatershed ID Recommendation (Applicable WatershedWide BMP
(ac) Score L :
location in subwatershed) Recommendation
Regenerative
189 23 2 Vegetated Buffer (C) Retention pond (C) Agriculture (C)
200 144 4 Grazing management (P) Fencing (P)
Livestock exclusion/Alternative
220 560 2 Vegetative filter strip (P) source of water (P, S)
Livestock exclusion/Alternative
226 288 3 Vegetative filter strip (P) source of water (P, S)
241 159 2 Grazing management (P) Fencing (P)
Livestock exclusion/Alternative
242 487 2 Vegetative filter strip (P) source of water (P)
243 429 3 Bioretention Basin (U) Detention Pond (U)
245 75 2 Grazing Management (P) Fencing (P)

L This may be a riparian buffer, vegetative buffer or reinforcing the existing tree line in the vicinity of stream bank
2 Applicable location in watershédC: Cropland, P: Pasture;&ream bank, U Urban
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4.4 Pollutant Load Reduction Estimation

The pollutant load reductions from the implementation of recommended primary and alternative
watershed widBMPs were estimated using the methodology in Section 3.7.

4.4.1 WatershedWide BMPs

To estimate the load reduction from watershed wide BMPs for TP, TN and TSS, the loadings from
each type of land use in each of the 24 identified critical subwatersheds wecgedxfiram the

STEPL models. For each subwatershed, the load reduction from the selected BMP for a POC is
calculated using the following equation, with exception of streambank restoration and manure
management:

D¢ MNQO HOFQE &
800YQaé PHA 60 B QENDQEED E M 87 7 & O & &8 D,

WhereWSis the subwatershed ID;
POCis the pollutant of concern (TP, TN or TSS);

BMP Removal % poc is the load reduction efficiency of the BMP for a certain type of
POC fromTable5;

BMP Adoption % ws is the percent of the applicable land use in the area that iraptem
the watersheavide BMP; and

Load from Applicable Land Usews, rocis the total loading of a certain type of POC in a
type of land use where the watershed wide BMPs would be implemented.

Streambank stabilization is implemented at the stream waterhstad of on a certain type of

land use. To estimate the load reduction from streambank restoration, the length of streambank
that is proposed to be restored in the subwatershed is multiplied by tHengpiit POC load
removal rates of implementing strelaamk restoration.

Manure management reduces TN and TP loading by eliminating the source of these POCs in the
animal waste. As a result, the load reduction resulting from manure management is a function of
the percentage of manure removed from the feeuddtit is not estimated in this project.

To estimate the load reduction from watershed wide BMP<£focoli, the loading in each
subwatershed is extracted from thecoliloading model. Based on the result of Ehecolimodel,

the largest proportion dieE. coliloading in the GBFW is from animals instead of from a specific
type of land use. For each subwatershed, the load reductiéndoliis calculated by multiplying
the totalE. coliload by the removal rate of the selected BMFable5.

MOWS5510Greater Bonne Femme WBpendices_20286-12_EPA ACCEPTED.docx 13



Greater Bonne Femme Watershed Modeling Report
June 21, 2023

Table8 to 10 summarize the load reduction and percent load reddotionprimary watershed
wide BMPs for each POC in each subwatershed in the GBFW that was identified as a critical area
under three levels of BMP implementation as described in Section 4.3.1. Table 11 summarizes the
load reduction and percent load reducfim@m alternative watershedide BMPs for each POC in

each subwatershed in the GBFW that was identified as a critical area in 90% implementation level
(21-Year milestone)
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Watershed-Wide BMP E. coll ™ — ™ TSS
Subwatershed | Recommendation (Applicable | Load Reduction Percent Load Reduction Percent Reduction Percent | Load Reduction Percent
location in subwatershed) (cfu/day) Reduction (Ibfyr) Reduction (Iblyr) Reduction (Ib/yr) Reduction
8 Livestock exclusion/Alternative 6.53E407 11% 56 20 9 1% 13,482 20
source of water (P)
36 Fencing (P) 7.69E+11 11% 74 2% 13 1% 19,883 2%
73 Vegetated Buffer (C, S) 0.00E+006 0% 128 11% 38 15% 43,357 15%
75 Streambank buffer (S) 4.60E+08 21% 522 10% 135 13% 191,533 17%
98 Streambank buffer (S) 1.11E+09 21% 395 10% 102 13% 146,201 17%
132 Grazing management (P) 5.47E+11 9% 27 1% 11 2% 17,610 3%
139 Fencing (P) 9.66E+11 11% 208 4% 30 3% 37,028 4%
140 Vegetated Buffer (C) 0.00E+00 0% 59 9% 18 13% 20,680 12%
141 Vegetated Buffer with Trees (S 6.76E+07 21% 539 10% 144 13% 226,133 17%
143 Grazing management (P) 1.91E+11 9% 13 1% 5 2% 6,435 2%
144 Livestock exclusion/Alternative 1 96E+08 11% 29 0% 4 0% 5.625 0%
source of water (P)

157 Grazing management (P) 2.15E+11 9% 16 2% 6 5% 7,688 6%
167 Grazing management (P) 3.31E+11 9% 3 1% 1 2% 1,619 4%
181 Vegetated Buffer (C) 0.00E+00 0% 553 10% 168 14% 179,110 14%
185 Vegetated Buffer (C) 0.00E+00 0% 91 9% 27 13% 30,902 13%
188 Vegetated Buffer (C) 0.00E+00 0% 557 10% 168 14% 192,582 14%
189 Vegetated Buffer (C) 0.00E+00 0% 80 9% 24 13% 27,859 13%
200 Grazing management (P) 6.38E+11 9% 7 1% 2 3% 3,127 4%
220 Vegetative filter strip (P) 8.71E+11 21% 266 3% 51 3% 56,212 3%
226 Vegetative filter strip (P) 1.20E+12 21% 191 4% 38 5% 43,863 5%
241 Grazing management (P) 2.33E+11 9% 23 2% 8 5% 10,692 7%
242 Vegetative filter strip (P) 8.71E+11 21% 282 4% 55 5% 60,794 6%
243 Bioretention Basin (U) 2.25E+12 24% 88 2% 0 0% 19,312 4%
245 Grazing Management (P) 1.66E+11 9% 9 2% 4 6% 6,057 8%

1Estimated loadeduction is zero since the estimated E. coli loading for the subwatershed is 0

2 Applicable location in watershédC: Cropland, P: Pasture;&ream bank, U Urban
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Table9: Primary WatershedVide BMPs Load Reduction Summary in 60% Implementation Scenaff®ét4mplementation Milestone)

Watershed-Wide BMP E. coll ™ — ™ TSS
Subwatershed | Recommendation (Applicable | Load Reduction Percent Load Reduction Percent Reduction Percent | Load Reduction Percent
location in subwatershed) (cfu/day) Reduction (Ibfyr) Reduction (Iblyr) Reduction (Ib/yr) Reduction
8 Livestock exclusion/Alternative 1 31E408 210 112 3% 18 20 26.964 3%
source of water (P)
36 Fencing (P) 1.54E+12 21% 149 3% 26 3% 39,765 4%
73 Vegetated Buffer (C, S) 0.00E+006 0% 255 22% 76 30% 86,713 30%
75 Streambank buffer (S) 9.19E+08 42% 1,044 20% 270 25% 383,066 34%
98 Streambank buffer (S) 2.23E+09 42% 790 20% 205 25% 292,402 34%
132 Grazing management (P) 1.09E+12 18% 53 2% 22 5% 35,219 7%
139 Fencing (P) 1.93E+12 21% 416 7% 61 6% 74,056 7%
140 Vegetated Buffer (C) 0.00E+00 0% 119 18% 36 25% 41,360 24%
141 Vegetated Buffer with Trees (S 1.35E+08 42% 1,078 20% 289 25% 452,266 34%
143 Grazing management (P) 3.82E+11 18% 26 2% 9 3% 12,869 5%
144 Livestock exclusion/Alternative 3.92E+08 21% 59 1% 9 1% 11,250 1%
source of water (P)

157 Grazing management (P) 4.31E+11 18% 31 4% 11 10% 15,376 12%
167 Grazingmanagement (P) 6.63E+11 18% 7 3% 2 4% 3,239 8%
181 Vegetated Buffer (C) 0.00E+00 0% 1,107 20% 335 29% 358,220 29%
185 Vegetated Buffer (C) 0.00E+00 0% 181 17% 55 26% 61,804 26%
188 Vegetated Buffer (C) 0.00E+00 0% 1,114 20% 336 28% 385,164 28%
189 Vegetated Buffer (C) 0.00E+00 0% 161 18% 49 27% 55,717 27%
200 Grazing management (P) 1.28E+12 18% 13 3% 5 5% 6,254 8%
220 Vegetative filter strip (P) 1.74E+12 42% 531 6% 102 6% 112,424 7%
226 Vegetative filter strip (P) 2.40E+12 42% 383 8% 76 9% 87,726 10%
241 Grazing management (P) 4.66E+11 18% 45 4% 16 10% 21,384 13%
242 Vegetative filter strip (P) 1.74E+12 42% 565 9% 109 10% 121,588 12%
243 Bioretention Basin (U) 4 51E+12 48% 175 3% 0 0% 38,624 7%
245 Grazing Management (P) 3.31E+11 18% 17 5% 7 12% 12,113 16%

June 21, 2023

LEstimated load reduction is zero since the estimated E. coli loading for the subwatershed is 0

2 Applicable location in watershédC: Cropland, P: Pasture;&ream bank, U Urban

MOWS5510Greater Bonne Femme WBpendices_20286-12_EPA ACCEPTED.docx 16



Greater Bonne Femme Watershed Modeling Report

Table10: Primary WatershedVide BMPs Load Reduction Summary in 90% Implementation Scenaif@®é Implementation Milestone)

Watershed-Wide BMP E. col ™ — ™ TSS
Subwatershed | Recommendation (Applicable | Load Reduction Percent Load Reduction Percent Reduction Percent | Load Reduction Percent
location in subwatershed) (cfu/day) Reduction (Ibfyr) Reduction (Iblyr) Reduction (Ib/yr) Reduction
8 Livestock exclusion/Alternative 1 96E+08 3206 169 50 o8 4% 40,446 59
source of water (P)
36 Fencing (P) 2.31E+12 32% 223 5% 39 4% 59,648 6%
73 Vegetated Buffer (C, S) 0.00E+006 0% 383 32% 114 45% 130,070 45%
75 Streambank buffer (S) 1.38E+09 63% 1,566 31% 405 38% 574,598 50%
98 Streambank buffer (S) 3.34E+09 63% 1,184 31% 307 38% 438,603 50%
132 Grazing management (P) 1.64E+12 27% 80 3% 33 7% 52,829 10%
139 Fencing (P) 2.90E+12 32% 624 11% 91 8% 111,084 11%
140 Vegetated Buffer (C) 0.00E+006 0% 178 28% 54 38% 62,040 37%
141 Vegetated Buffer with Trees (S 2.03E+08 63% 1,617 31% 433 38% 678,399 50%
143 Grazing management (P) 5.72E+11 27% 38 3% 14 5% 19,304 7%
144 Livestock exclusion/Alternative 5 88E+08 32% 88 1% 13 1% 16,875 1%
source of water (P)

157 Grazing management (P) 6.46E+11 27% a7 7% 17 15% 23,064 19%
167 Grazing management (P) 9.94E+11 27% 10 4% 4 7% 4,858 12%
181 Vegetated Buffer (C) 0.00E+006 0% 1,660 30% 503 43% 537,331 43%
185 Vegetated Buffer (C) 0.00E+006 0% 272 26% 82 39% 92,706 39%
188 Vegetated Buffer (C) 0.00E+006 0% 1,672 30% 505 42% 577,746 43%
189 Vegetated Buffer (C) 0.00E+006 0% 241 27% 73 40% 83,576 40%
200 Grazing management (P) 1.91E+12 27% 20 4% 7 8% 9,381 12%
220 Vegetative filter strip (P) 2.61E+12 63% 797 9% 153 9% 168,635 10%
226 Vegetative filter strip (P) 3.59E+12 63% 574 12% 114 14% 131,590 16%
241 Grazing management (P) 6.99E+11 27% 68 7% 24 15% 32,075 20%
242 Vegetative filter strip (P) 2.61E+12 63% 847 13% 164 15% 182,381 18%
243 Bioretention Basin (U) 6.76E+12 72% 263 5% 0 0% 57,936 11%
245 Grazing Management (P) 4.97E+11 27% 26 7% 11 18% 18,170 24%

1 Estimated load reduction is zero since the estimated E. coli loading for the subwatershed is 0

2 Applicable location in watershédC: Cropland, P: Pasture;&ream bank, U Urban
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Tablell: Alternative WatershetvVide BMPs Load Reduction Summary in 90% Implementation Scenaff@é21mplementation Milestone)
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Watershed-Wide BMP E. col ™ — ™ TSS
Subwatershed | Recommendation (Applicable | Load Reduction Percent Load Reduction Percent Reduction Percent | Load Reduction Percent
location in subwatershed) (cfu/day) Reduction (Ibfyr) Reduction (Iblyr) Reduction (Ib/yr) Reduction
Permanent vegetation
8 establishment in riparian buffe 3.92E+08 63% 169 5% 28 4% 40,446 5%
(S)
36 Grazing Management (P) 1.98E+12 27% 59 1% 22 2% 31,954 3%
73 Streambank buffer (S) 0.00E+006 0% 361 31% 95 38% 145,678 50%
75 Vegetated buffer (C, S) 1.16E+09 53% 1,658 32% 482 45% 513,034 45%
98 Vegetated buffer (S) 2.81E+09 53% 1,254 32% 366 45% 391,610 45%
132 Fencing (P) 1.91E+12 32% 300 12% 57 12% 98,613 19%
139 Grazing Management (P) 2.49E+12 27% 165 3% 52 5% 59,509 6%
140 Retention pond (C) 0.00E+006 0% 247 38% 54 38% 62,040 37%
141 Streambank buffer (S) 2.03E+08 63% 1,617 31% 433 38% 678,399 50%
143 Fencing (P) 6.68E+11 32% 145 10% 24 9% 36,034 14%
Permanent vegetation
144 establishment in riparian buffe 1.18E+09 63% 1,977 31% 523 38% 651,694 50%
(S)
157 Fencing (P) 7.54E+11 32% 177 25% 29 26% 43,052 35%
167 Fencing (P) 1.16E+12 32% 38 14% 6 11% 9,068 23%
Maintain existing BMPs in 0 0 0 0
181 accordance with the SWPP (U 0.00E+006 0% 2,306 42% 503 43% 537,331 43%
185 Retention pond (C) 0.00E+006 0% 378 36% 82 39% 92,706 39%
188 Retention pond (C) 0.00E+006 0% 2,322 41% 505 42% 577,746 43%
189 Retention pond (C) 0.00E+006 0% 335 37% 73 40% 83,576 40%
200 Fencing (P) 2.23E+12 32% 74 16% 12 14% 17,512 22%
220 Livestock exclusion/Alternative 4 51445 32% 847 9% 129 7% 168,635 10%
source of water (P, S)
226 Livestockexclusio/Altemative| ) gqp 45 3204 610 13% 96 11% 131,590 16%
source of water (P, S)
241 Fencing (P) 8.15E+11 32% 256 25% 42 26% 59,874 38%
242 Livestock exclusion/Alternative 4 51445 32% 900 14% 138 13% 182,381 18%
source of water (P)
243 Detention Pond (U) 5.41E+12 58% 0 0% 49 6% 49,399 9%
245 Fencing (P) 5.80E+11 32% 99 27% 19 31% 33,917 45%
LEstimated load reduction is zero since the estimated E. coli loading for the subwatershed is 0
2 Applicable location in watershédC: Cropland, P: Pasture;&ream bank, U Urban
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4.4.2 Compliance with Water Quality Standards

MDNR requires demonstration of compliance with instream water quality standards (W@S) for
coli through the implementation of recommended BMPs in the watershed plan. MDNR had
calculated updated load duration curves (LDCsEfaroli using the estimateitbw and measured

E. coliconcentration for the impaired streams in the GBpvdvided by Karen Westin to Lynne
Hooper via email correspondence on August 31, 202DNR recommended comparing the LDC
values at WQS with estimated load reduction {BMP implementation to demonstrate
compliance with WQS. However, this approach was not valid for the current analysis because of
following reasons

1 The LDC was calculated using estimated flows from two reference watersheds. A
comparison of measured flows by Boone County and MDNR estimated ftowihe
GBFW streamshowed that flows are underpredicted by this method, sometimes even by
an order of magnitudef @.

1 The existingdaily loads calculated using thédC methodology and the SELECT model
differ by an order of magnitude of Z'he difference of twaprder of magnitude between
existing load calculated byDC methodology and SELECT model can be explaingd b
the fact that LDC method uses underpredicted flows.

A comparison of target load reduction from MDNR LDCs with estimated load reduction for all

the impaired WBIDs was made to demonstrate compliance with WQS through the implementation

of proposed BMPs in the GBFW. The rangetafget load reductioprovided by MDNR for

different flow conditions was compared to the estimated load reduction. This approach was

di scussed with MDNR and subsequently agproved
with Mike Kruse, MDNR TMDL Unit Chief on September 11, 2020). The estimated load reduction

for the recommended BMPs is achieved the required the load reduction target under the 90%
implementation scenario. The highest load reduction is required forflo\g conditions which

occur only 5 % of time.Tlable12). This analysis shows that WQS fér coli will likely be met

over time through the implementation of recomaehBMPs in the GBFW.
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Tablel2 Comparison of Target Load Reduction with Estimated Load Reduction for E. coli through the implementation of recommended BMPs

Taraet Load Reduction Ranas Estimated Load Estimated Load
WBID WB Name g cfu/da g Scenario Reduction for Primary|Reduction for Alternativ
y BMPs, cfu/day BMPs, cfu/day

30% Implementation of Watershed Wide BMP 8.48E+12 6.81E+12

750 Bonne Femme Cr. 1.15E+09 to 1.45E+13 60% Implementation of Watershed Wide BMP 1.70E+13 1.36E+13
90% Implementation of Watershed Wide BMP 2.54E+13 2.04E+13

30% Implementation of Watershed Wide BMP 7.23E+12 5.35E+12

751 Turkey Cr. 1.21E+09 to 2.71E+12 60% Implementation of Watershed Wide BMP 1.45E+13 1.07E+13
90% Implementation of Watershed Wide BMP 2.17E+13 1.60E+13

30% Implementation of Watershed Wide BMP 5.52E+12 3.66E+12

752 Bass Cr. 4.34E+09 to 1.96E+12 60% Implementation of Watershed Wide BMP 1.10E+13 7.32E+12
90% Implementation of Watershed WiB&IP 1.66E+13 1.10E+13

30% Implementation of Watershed Wide BMP 7.69E+11 6.59E+11

1003 Little Bonne Femme Cr. 1.34E+11 to 1.31E+12 60% Implementation of Watershed Wide BMP 1.54E+12 1.32E+12
90% Implementation of Watershed Wide BMP 2.31E+12 1.98E+12

30% Implementation of Watershed Wide BMP 7.69E+11 6.59E+11

1004 Gans Cr. 4.43E+08 to 4.07E+11 60% Implementation of Watershed Wide BMP 1.54E+12 1.32E+12
90% Implementation of Watershed Wide BMP 2.31E+12 1.98E+12

B E c 30% Implementation of Watershed Wide BMP 1.57E+09 1.33E+09

753 O””(Epggnr)me r. 2.94E+07 to 4.11E+07 60% Implementation of Watershed Wide BMP 3.15E+09 2.65E+09
90% Implementation of Watershed Wide BMP 4.72E+09 3.98E+09
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SECTION 5
SUMMARY

Geosyntec developed a watershed model for the GBFW to estimate TN, TP, TES, cahid
average annual loads in 250 subwatersheds. The loads for TN, TP, and TSS were estimated using
STEPL and loads foE. coli were estimated using the SELECT methodologye Estimated
loading per unit acre was used to calculate a CPI. Subwatersheds with a CPI of two or higher were
identified as critical areas for a BMP implementation. A BMP implementation strategy consisting
of watershed wide BMPs was recommended basech®POCs and landuses in the critical
subwatersheds. The watershed BMPs are recommended to be implemented exesrgo2tiod

with two interim milestones. Pollutant load reductions were estimated for the recommended BMPs
in the GBFW. These recommended B8ARould serve to eliminate tie coliimpairments in the

GBFW streams and be protective of the existing condition for nutrients and TSS in the affected
subwatersheds.
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APPENDIX A: ELECTRONIC FILES FOR MODEL INPUTS AND STEPL
MODELS
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APPENDIX B: ELECTRONIC FILE FOR E. COLI MODEL

MOWS5510Greater Bonne Femme WBpendices_20286-12_EPA ACCEPTED.docx 5



Greater Bonne Femme Watershed Modeling Report
June 21, 2023

APPENDIX C: BMP RECOMMENDATIONS FOR MISSOURI

MOWS5510Greater Bonne Femme WBpendices_20286-12_EPA ACCEPTED.docx 6



Appendix H: Agricultural BMP Mode of
Action and Pollutants Addressed

Prepared by: Water Protection Program, Watershed Protection Section



Greater Bonne Femme Watershdshsed PlanAppendix H:
Agricultural BMP Mode of Action and Pollutants Addressed

Missouri Soil and Water Conservation Program Practice Mode of Pollutants Addressed
Resource Concerns and Associated Cost-Share Practices Avoid [Control] Trap [Sedimen{Nutrients| E. coli[ Pesticide
SWCP Sheet/Rill and Gully Erosjon Sheet/Rill and Gully Erosion
Cost-Share
DSL-0ft Permanent Vegetative Cover Establishrpentx X X X X X X
DSL-0p Permanent Vegetative Cover Improvenjent x X X X X X X
DSL-0f Terrace System X X X X X
DSL-4p Terrace System with Tjle X X X
DSL-0p Diversio X X X X
DSL-1ft Permanent Vegetative Cover - Critical Areax X X X X X
DSL-11ft Permanent Vegetative Cover - Critical Area: Confined Animal Feedjot X X X X X
DSL-1p No-Till Syste! X X X X X X
DWC-0} Water Impoundment Reservpir X X X X X
DWP-01 Sediment Retention, Erosion or Water Control Strugture X X X X X
DWP-0: Sod Waterwa| X X X X X X
N333 Contour Buffer Strips  x X X X X X
N343 Cover Crop X X X X X X X
N38( Windbreak/Shelterbelt Establishment x X X X X X
N41d Drop Pipg X X X X
N584 Contour Stripcroppirlg X X X X X X
Cost-Share f# Grazing Managemeit Grazing Management
DSP-0p Permanent Vegetative Cover Enhancerpentx X X X X X
DSP 3fL Grazing System Water Developnjent X X X X
DSP 3p Grazing System Water Distribufion X X X X
DSP 3B Grazing System Ferjce x X X X X
DSP 34 Grazing System Lie X X
DSP 36 Grazing System Sded x X X X X X
Cost-Share f# Irrigation Managemeipit Irrigation Management
N43( Irrigation Water Conveyange X X X X
N447 Irrigation System, Sprinkler x X X X
N443 Irrigation System, Surface and Subsurface X X X X
N447 Irrigation System, Tail Water Recoyery X X X X
N554 Drainage Water Managemgnt X X X X X
N587 Structure for Water Contrpl X X X X X
Cost-Share f# Animal Waste Managemeht Animal Waste Management
N313 Beef Waste Management Sysfem x X X X
N313 Dairy Waste Management Sysfem x X X X
N317 Poultry Waste Managemgnt x X X X
N313 Swine Waste Managemegnt x X X X
_____ N34 ___ e ____Incinerato x _|_x 1 ___ L _____ 1 _x__[_x_|_ ____|
N317 Composting Facilfty x X X X
Cost-Share j# Nutrient and Pest Managemgnt Nutrient and Pest Management
N59( Nutrient Managemerjt  x X X X (x)
N595 Pest Managemept x X X
Cost-Share f# Sensitive Aregs Sensitive Areas
C65 Streambank Stabilizatipn X X X X X
DSP-31L Sinkhole Improvemen| X X X X X X
BDSP-31 Buffer Sinkhole Improvemgnt X X X X X X
N35] Well Decommissionifg X X X X
N38( Windbreak/Shelterbelt Establishment x X X X X X
N384 Field Bordgr X X X X X X
N391 Riparian Forest Buffer X X X X
N393 Filter Stri X X X X X X
N574 Spring Developmept  x X X X
N725 Sinkhole Treatmefpt x X X X X X X
WQ1 Stream Protection  x X X X X X X
Cost-Share f# Woodland Erosign Woodland Erosion
C1o Timber Harvest Plgn  x X X
DFR-0Of Forest Plantatign ~ x X X
N473 Livestock Exclusipn x X X X
N654 Restoration of Skid Trails, Logging Roads, Stream Crossings and Log|Landings ~ x X X X
Resource Concern and Associated Cost-Share Prakctioasd |Control| Trap [|Sedimen{Nutrients| E. coli| Pesticidg
Ngte: The a?ove table is meant to provide examples of the most commonly apcepted pra.clices .empluye. Practice Mode of
Missouri. Itis not meant to preclude other practices that that may be appropriate to specific projects or si ! Pollutants Addressed
conditions. Action*
*Additional information can be found at: hnps://www.nrcs.usda.gov/lmemel/FSEiDOCUMENTS/sle\prdb1.187023.pdf
(x) count if management plan is for animal waste :

Prepared by: Water Protection Program, Watershed Protection Section



Appendix |: Load Duration Curves and
Pollutant Reduction Estimates for Six
Impaired Streams in Boone County,
Missouri

Prepared by: Water Protection Program, Watershed Protection Section



% MISSOURI

LW '] DEPARTMENT OF
Wl NATURAL RESOURCES

LOAD DURATION CURVES AND POLLUTANT REDUCTION ESTIMATES FOR SIX
BACTERIA IMPAIRED STREAMS IN BOONE COUNTY

Completed
June 22, 2022

Prepared by: Water Protection Program, Watershed Protection Section



MISSOURI

7Y DEPARTMENT OF
- NATURAL RESOURCES June2022

Load Duration Curvesand Reduction Estimdes
for E. coli Impaired Streams in southern Boone County

Introduction

The Missouri Department of Natural Resources Watershed Protection Section calculated the load
duration curves and pollutant reduction estimates in this document to suppevéhepment

and implementation of the Greater Bonne Femme Watershed Based Plan, which is funded, in

part, by the U.S. Environmental Protection Agency, Region 7, through the Department under
Section 319 of the Clean Water Act. Flow records used to deveddpad duration curves are

based on available U.S. Geological Survey stream gage data from representative watersheds near
the Greater Bonne Femme Watershed, and with assistance from the EPA Retjihe.

achieved, thesleading targets and estimatestiuctiors are expected to result in attainment of

water quality standard&or this reason, incorporation of these loading targets into a nine

element watersheblased plan, and expected implementation of that plan, mayaseare

alternative restoration approach that is more beneficial or practicable for restoring water quality
than the immediate development of a total maximum daily load (TMDL). The department may
subcategorize impairments addressed by alternative restoagiiwmoaches as Categoralbon

Mi ssouri 6s Section 303(d) Ilist of -dtremaniomn ed wa
the 303(d) list, but are considered low priority for TMDL development.

The following sections explain the load durationveuapproach anprovide estimates of

existing bacteria loading and needed reductions for attaining water quality standards in six
bacteria impaired streams in Boone County. Although the Department has only identified these
streams as being impaired Bgclerichia coli(E. coli), additional nutrient (nitrogen and

phosphorus) and sediment (total suspended solids) load duration curves are provided for the two
subwatersheds being addressed by the Greater Bonne Femme wédiassgtedlan. Estimates of
existing bading and needed reductions for these other pollutants are provided where data is
available.

Load duration curves were developed for the following stream segments:

Water Body ID 750 Bonne Femme Creek;

Water Body ID 751 Turkey Creek;

Water Body ID 721 Bass Creek;

Water Body ID 753 Bonne Femme Creek;

Water Body ID 1003 Little Bonne Femme Creek; and
Water Body ID 1004 Gans Creek.

= =4 -8 4 48 -9

A map showing the locations of the impaired streams and their watersheds within Boone County
is provided on the next page in Figure 1.

2 Flow records provided via email by Steven Wang, EPA Region 7 on Aug. 9, 2021.
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Explanation of Load Duration Curves

As described bgPAARA | oad duration curve approach all o
guality concentrations (or water quality data) at different flow regimes. The method provides a

visual display of the relationship between stream flow and loading capacity. Using thiemlura

curve framework, the frequency and magnitude of water quality standard exceedances,

allowable loadings, and size of load reductions are easily presented and can be better

bY

under stood. 0

A load duration curve is a visual communication tool that organizes information in a way that is
useful for watershed planning. A load duration curve represents the relationship between a
pollutant and stream flow conditions (e.g., low, dry, madge, mast and high). Such a

relationship is helpful for determining if excess pollutant loading occurs as a result of stormwater
driven sourcesi.e., surface runoff from impervious surfaces, bare sogpdmwith low

infiltration rates)or from continuous inpusources that are more apparent during dry weather
conditions (i.e., point source discharges, failing septic systems, or livestock accessing the
stream). The information derived from a load duration curve can help determine appropriate best
management paéices (BMPs). For example, Figure 2 is Ehecoliload duration curve

calculated for Bonne Femme Creek, water body ID 750.

1.00E+14 . —
High Flow Muaist Conditians Mid-Range Dry Conditions Low
Flow
A
1.00E+13 |
-
1.00E+12 |
A

= 1008411 | ¢
p .
o L]
e
E .
=) 4.
©  1.00e+10 F
3] L ]
o A *
- L]
o
8
£ 1.00E+09 |
34}
[an]

1.00E+08 [

1.00E+07 L L L L L !

0 10 20 30 40 50 60 70 80 90 100

Percent of Time Flow Exceeded

E.coli Loading Target (126/100mL) e (Observed Loads A Existing Load (geomean of observed data within flow range)

Figure 2. Bonne Femme CreékWBID 750 E. coli load duration curve
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A Il oad duration curve represents the streamos
pollutant that the stream can assimilate and still meet water quality standards. In Figure 2, the
loading capacity is represented by the solid clvater qualityimpairments occur when
existing pollutant | waldgcapacitydavigatodgsthe aurvevfeome r b o
high flows to low flows shows the decreasing assimilative capatBpnne Femme Creek

terms of the expectation that water qualinslards are met at the targetcoli concentratiorof

126 colony forming units per 100 mL of water (126 cfu/100 rmllthough the allowable

loading to meet water quality standards changes with flow, the target concentration remains
constantAt high flows there is more water and more dilution, therefore the loading capacity is
greater.The targe€. coliconcentration chosen for calculationadbad duration curves based

on e ac h designateshdnaoredbedy contact recreationaeand the applicableriterion to

protect that uséTable 1).Designated uses and criteria can be faumd Mi sVBaterQuality s
Standardsegulationat 10 CSR 247.031.Pollutant loading to an impaired water body must be
reducedo levels at or below the loading capadttit is to meet water quality standards.

Table 13. Whole body contact use designations for Boone County streams

Vg/a’;er N WBC Desianai Criterion
I(I):)y ame esignation (count/ 100 mL)
750 Bonne Femme Cr. A 126
751 | Turkey Cr. A 126
752 Bass Cr. A 126
753 Bonne Femme Cf¥. B 206
1003 | L. Bonne Femme Cr. B 206
1004 | Gans Cr. A 126

*Potential losing stream conditions, 126 count/100mL criterion applied for load durattrtations

In the example load duration curve in Figur¢h®, xaxis represents the frequency for which a
particular flow is met or exceeded. Calculated using meliyplars of available flow datdne x

axis represents the full range of possible stream flow conditions expected to occur in the water
body. As can be seen from the figure, lower flows are equaled or exceeded more frequently than
higher flows.Flows met or exceeded 90 percent of theetior moraepresent the lowest flow
conditions, such as during a drought. Flows met or exceeded 10 percent of the time or less
represent the highest flow conditions, such as those occurring during alfael 2 presents

the USGS flow gage stations ugedierive the flow records used to develop the load duration
curves for the Greater Bonne Femme watershed. These gages provide flow data from both rural
and urban watersheds, and therefore are appropriate for developing flow records for streams in
the Grater Bonne Femme watershed, which contains a mixed land cover.

Table 2.USGS stream gages used for load duration curve development

Gage Stream Drainage Area Data Range
06909500 Moniteau Creek | 75.1 19481 2019
06910230 Hinkson Creek | 69.8 mi2 1990- 2019
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In Figure 2, he yaxisdescribe£. coliloading asfu per day(cfu/day) Due to the extremely
large numbers associated with bacteria loads, this is expressed using scientific notation. To
obtain the true numeric loading value, the decimal nunsbultiplied by 10 to theth power.

For example, 1.00E+12 is the same as 1.00 times 10 totihpd&er, which is
1,000,000,000,000 (or 1 trilliorg.coli cfu/day. For lab analysis, individuBl coli stream
samples are reported as a concentratiornvmame of water, or cfu/100 mL. Observed bacteria
loads are calculated by multiplying the individually measiedoli concentrations by the daily
average stream flow record corresponding to the date of sample collection. A con\aatgion f
is also multipliedo obtain daily unitskor E. colithe conversion factor is 24,465,715. See
Equation 1 belowThese individual observed loads are represented on the figure by black dots.
Any data pmt above the loading capacity cumedlects a wateruplity excursion and possible
exceedance of the water quality criterion.

Equation 1.4 - +82"“ b o] g vrogl * qm- damty oo giyid o s

AlthoughFigure 2 shows thandividual observed loads above the loading capacity haea

measuredh ecause Mi ssour i 6s E. wdareexpreqsadaak gevbmetriccmeans er i a
individual excursions above tledteria concentratiodo notnecessarilyndicate a violation of

water quality standardslowever, these individually observed loads still provide important

information regarding the frequency for which excursions above the water quality criterion occur

and under what flow conditions that pollutant loading is typically occurring. In order to make a

better comparison between the observed data and compliance with the water quality criterion, the
geometric means of all observed loads within a specific flavdition were calculated and

plotted in the figure as a black triangle. These triangles represent estimates of existing load and
provide a better representation of the overall magnitude of excursions occurring during specific

flow conditions. These valuese also more directly comparable to the loading capacity curve

and the geometric mean criterion. BecaMses sour i 6 s bacteria criteria
geometric mean, reductions in both the frequency and magnitude of excursions above the loading
capaciy will aid in restoring water quality in Bonne Femme Creek.

For watershed planningurposesapollutantreduction goal or target is needed for measuring
progresgowards water quality improvemeaid for evaluating the effectivenesses$toration
activities To assist in the selection of appropriate BMPs the amount and percentage of pollutant
reduction needed is estimated for each specific flow condition for which there is available data.
When the existing load exceeds the loading aapabe amount of reduction needed is

calculated as the difference between the existing load and the loading capacity. So in this
example, this is calculated as the existing load (triangles) minus the loading capacity (curve) at
the same flow. From thig, percent reduction goal can be calculated using Equation 2 below.

Equation 2. || g >4 W0 4 4 g™ LT e

Felivaia]

For other pollutants, such as sediment or nutrients, pollutant loading is presented-arishia y
units of pounds per day (Ibs/day). The target concentration to derive the loading capacity curve is
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in units of milligrams per liter (mg/L). UnlikE. coliwhich is measured as a geometric mean for
compliance with water quality standards, for these other pollutants every individual observed

load measured above the load duration curve is considered to be an exceedance of the targeted
loading. Reduction targefor these pollutants are based on the highest observed exceedance. It
should be noted that Missouri does not have numeric water quality criteria for sediment or

nutrients. Therefore reference targets were used to calculate load duration curves.dfasnutri
benchmark values derived by the US EPAOGs Regi
used. For sediment, reference stream total suspended solids (TSS) data were used to estimate a
target concentration. Where observed loading shows that no poHethuctions are necessary,

the loading capacity serves as a target for protecting water quality instead of restoring it.

The following pages preseht coli load duration curves for each bacteria impaired stream
included on Mi s s o llist. Supplementalttablesrare 2l provided GoZHow
specific loading targets under various flow conditions, as well as estimates of needed pollutant
load reduction to attain water quality standards. Additional nutrient and sediment load duration
curves & also provided for Little Bonne Femme Creek and Bonne Femme Creek to assist
watershed planning activities in those watersheds.

To provide further assistance for watershed planning, a map of critical areas for implementing
BMPs is provided in Appendix A. Critical areas were identified through geographic information
system analysis comparing soil runoff potential with areas assdaeaith agricultural land uses.

The areas presented in these maps are expected to be highly responsive to BMPs. However, this
information should be supplemented with local knowledge of the watershed in order to better
refine critical areas and appropri®@bPs.

Appendix B presents individu&d. colimeasurements used for plotting observed loads on the
load duration curve figures. Appendixp@esents present all available total suspended solids,
total nitrogen, and total phosphometa plotted on load duran curves.
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Little Bonne Femme Creek (WBID 1003) and Gans Creek (WBID 1004)

Summary:

The Little Bonne Femme and Gans Creek watershed is approximately 41.13 square miles

(106.53 square kilometers) and includes portiorte@fmunicipalities of Pierporeind Columbia.

Gans Creek originaseeast of the City of Columbia and flows approximately 5.5 miles (8.85

kilometers) until it enters Little Bonne Femme Creek in Rock Bridge Memorial StateTPark.

entire stream reaadf Gans Creelkrom U.S. Highway 63 tats confluence with Little Bonne

Femme Creek i s | isted as | mp aE aolevdter qualigy criteda e x c e e
for the protection of Whole Bty Contact Recreation Category(¢wimming) and Secondary

Contact Recreation (wading and fishinge entire lengtlof Little Bonne Femme Creek

downstream of th confluence witlGans Creeko the Missouri River (approximately 9 miles

[1448kn),i s | i sted as I mpair ed HEaoolewatergualgyxcriesiee d anc e s
for the protection of Whole Bty Contact Recreatn Category Band Secondary Contact

RecreationAll municipal and domestic wastewater dischargers in the watershed disinfect their
effluent,arescheduled to disinfect, or have establiskedoli permit limits. There are no

concentrated animal feeding spgons (CAFOSs) in this watershed. Other permitted facilities

operating in compliance with sispecific industrial, general wastewater, or general stormwater

permits are not expected to contribute bacteria loads ateglgiblelevels.

Table 3. Land Cover in the Little Bonne Femme and Gans Creek Watershed

Land Cover Area Area Percent
Type acre (hectare) mi2 (km?) (%)

Developed, High Intensity 68 (28) 0.11(0.28 0.26
Developed, Medium Intensity 648 (262 1.01(2.62 2.46
Developed, Low Intensity 1,114 (45)) 1.74 (4.5)) 4.23
Developed, Open Space 1,322 (535 2.07 (5.3 5.02
Barren Land 44 (18) 0.07(0.18 0.17
Cultivated Crops 1,630 (660 2.55(6.60 6.19
Hay/Pasture 9,187(3,718 14.36(37.19 34.90
Deciduoud-orest 10,387(4,203 16.23(42.03 39.46
Evergreerforest 491 (199 0.77(1.99 1.87
Mixed Forest 252 (102 0.39(1.02 0.96
Shrub/Scrub 62 (25 0.10(0.25 0.25
Herbaceous 374 (15)) 0.58(1.5) 1.42
WoodyWetlands 163 (66) 0.26 (0.66 0.62
Emergent Herbaceous Wetlan| 4 (2) 0.01(0.02 0.01
Open Water 578 (234 0.90 (2.39 2.19

Totals = 26,32£(10,653 41.13(106.53 100.0d
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Load Duration Curves for Little Bonne Femme Creeki WBID 1003
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Figure 3. E. coli load duration curve for Little Bonne Femme CreékBID 1003. Target E.
coli concentration = 206 counts/100mL

Table 4. E. coli loads at specific flow exceedance percentiles for Little Bonne Femme Creek
andpercent reductions required to meet watt quality targetsg WBID 1003.

Percent of time flow Flow Loading Capacity | Existing Load tl;enrqzzr:tvsgdgg';;);ss
met or exceeded | Flow Condition (cfs) (cfu/day) (cfu/day)

93 Low Flow 0.09 4.29E+08 2.94E+07 0.00%

72 Dry Conditions 1.00 5.02E+09 1.15E+09 0.00%

48 Mid Range 4.85 2.45E+10 9.58E+09 0.00%

24 Moist Conditions 18.80 9.48E+10 2.29E+11 58.57%

8 High Flow 102.24 5.15E+11 1.82E+12 71.74%
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Figure 4. TSS load duration curve for Little Bonne Femme Crie®4BID 1003.
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Table 5. TSS loads at specific flow conditions for Little Bonne Femme CiéaiBID 1003.

Percent of time Loading Existing %
flow met or Flow Capacity Load Reduction
exceeded Flow Condition (cfs) (Ibs/day) (Ibs/day) Needed
92% Low Flow 0.19 0.31 6.47 95%
61% Dry Conditions 4.15 6.94 113.05 94%
54% Mid Range 6.43 10.76 182.22 94%
25% Moist Conditions 31.29 52.32 No data No data
5% High Flow 314.95 526.63 No data Nodata
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Figure 5. Total nitrogen (TN) load duration curve for Little Bonne Femme Creai8I1D 1003.

Table 6. TN loads at specific flow conditions for Little Bonne Femme Ciie@kBID 1003.

Percent of time Loading
flow met or Flow Capacity Existing Load % Needed
exceeded Flow Condition (cfs) (Ibs/day) (Ibs/day) Reduction
92% Low Flow 0.19 0.91 0.40 0%
65% Dry Conditions 3.05 14.83 45.61 67%
60% Mid Range 4.40 21.34 93.51 7%
12% Moist Conditions| 105.28 511.10 2,064.82 75%
9% High Flow 156.43 759.43 2,592.36 71%
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Figure 6. Total phosphorus (TP) load duration curve for Little Bonne Femme CréédgiD

1003.

Table 7. TP loads at specific flow conditions for Little Bonne Femme Cie@BID 1003.

Loading Existing
Percent of time flow Flow Capacity Load % Needed
met or exceeded Flow Condition (cfs) (Ibs/day) (Ibs/day) Reduction
92% Low Flow 0.19 0.08 0.08 5%
61% Dry Conditions 4.15 1.68 3.69 55%
48% Mid Range 8.63 3.49 12.31 72%
12% Moist Conditions | 105.28 42.59 724.95 94%
9% High Flow 156.43 63.29 1,233.07 95%
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Load Duration Curves for Gans Creeki WBID 1004
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Figure 7. E. coli load duration curve for Gans CréeWBID 1004.

Table 8. E. coli loads at specific flow conditions for Gans Ciie@kBID 1004.

Percent of time flow Flow | Loading Capacity Existing Load tzer;(;zr;tvsgd#;ggfs
met or exceeded | Flow Condition (cfs) (cfu/day) (cfu/day)

95 Low Flow 0.01 6.11E+07 5.04E+08 87.90%

86 Dry Conditions 0.07 2.99E+08 5.76E+08 48.05%

51 Mid Range 1.48 4.84E+09 1.96E+10 75.38%

39 Moist Conditions| 2.81 9.08E+09 4.16E+11 97.82%

5 High Flow 66.79 2.02E+1] No data No data
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Bonne Femme Creek (WBID 750)Turkey Creek (WBID 751), Bass Creek
(WBID 752), and Bonne Femme Creek (WBID 753)

Summary:

The Bonne Femme Creek watershed is approximately 52.8 square miles. The watershed includes

a portion of the municipality of Ashland, as well as a portion of Three Creeks Conservation
Area.Bonne Femme Creek is a 14.8 mi (23.8 km) tributary to the MisBoex. The entire

approximately 7.8 mi (12.6 km) lower reach of Bonne Femme Creek (WBID58ed as

i mpaired due t o e ¥cd wateaquality critertaffor thelpmtection aft e 6 s
Whole Baly Contact Recreation Category Approximatey 7.0 mi (11.3 km) of the upper reach

of Bonne Femme Creek (WBID 753)isésia s i mpai red due to Eexceedan
coli water quality criteria for the protection of WholedoContact Recreation Category B

Turkey Creek is a 6.3 mi (10.1 krtr)butary to Bonne Femme Creek. The entire reach of Turkey
Creek(WBID751) s | i sted as i mpaired H ceolewatergualdyx c e e d an
criteria for the protection of Whole By Contact Recreation Category A. Bass Creek is a 4.4 mi

(7.0 km) tributary to Bonne Femme Creek. The entire reach of Bass Creek (WBIDs TiS®d

as impaired due t o Eecaliovater quality criteisa foo the ptoteotion sft at e 6 s
Whole Baly Contact Recreation Category Phere are npermittedCAFOsin theBonne

FemmeCreek watershedhere is one general land application permit and one minor municipal

permit, which surface irrigatefor these reasons, point sources are not expected to contribute
bacteria loading aboweegligibleconcentrationandno pollutant reductions from point sources

are necessary to achieve the specified loading targets.

Table 9. Land Cover in the Bonne Femme Creek Watershed

Land Cover Area Area Percent
Type acre (hectare) mi2 (km?) (%)

Developed, High Intensity 50.36 (20) 0.08(0.20 0.15
Developed, Medium Intensity 247.94(100 0.39(1.00 0.73
Developed, Low Intensity 529.82 (214 0.83(2.19 1.57
Developed, Open Space 1331.7¢(539 2.08(5.39 3.94
Barren Land 18.91(8) 0.03(0.08 0.06
Cultivated Crops 5,807 (2,350) 9.07 (23.50) 17.17
Hay/Pasture 11,344.0%(4591) 17.73(45.91) 33.54
Deciduous Forest 13,004.9:(5,263) 20.32(52.63) 38.46
Evergreen Forest 401.8C(163) 0.63(1.63) 1.19
Mixed Forest 227.04(92) 0.35(0.92) 0.67
Shrub/Scrub 96.32(39) 0.15(0.39) 0.28
Herbaceous 357.88(154) 0.56 (1.45) 1.06
Woody Wetlands 271.08(110) 0.42(1.10) 0.80
Emergent Herbaceous Wetland 16.44(7) 0.03(0.07) 0.05
Open Water 113.12(46) 0.18(0.46) 0.33

Totals =| 33,818.5¢(13,687) 52.84(136.86) 100.0d
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Load Duration Curves for Bonne Femme Creek WBID 750
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Figure 8. E. coli load duration curve for Bonne Femme Cre&¥BID 750.

Table 10. Loads at specific flow conditions for Bonne Femme Ciie€kBID 750.

Loading

Percent of time flow Flow Capacity Existing Load Percent Reductions
met or exceeded | Flow Condition (cfs) (cfu/day) (cfu/day) to meet WQ Targets
95 Low Flow 0.03 2.22E+08 Nodata No data

72 Dry Conditions 1.12 4.14E+09 5.29E+09 21.75%

55 Mid Range 4.32 1.42E+10 2.08E+10 31.79%

34 Moist Conditions 13.19 4.24E+10 2.57E+11 83.51%

9 High Flow 121.22 3.65E+11] 1.49E+13 97.55%
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Figure 9. TSS load duration curve for Bonne Femme Ciieg¥BID 750.
Table 11. TSS loads at specific flow conditions for Bonne Femme Ciré#BID 750.
Loading
Percent of time flow Flow Capacity Existing Load % Needed
met or exceeded Flow Condition (cfs) (Ibs/day) (Ibs/day) Reduction
92% Low Flow 0.19 0.31 6.47 95.15%
67% Dry Conditions 2.62 4.37 56,939.06 99.99%
50% Mid Range 7.80 13.04 162,132.85 99.99%
36% Moist Conditions 16.41 27.43 650.19 95.78%
9% High Flow 156.43 261.58 6,607.65 96.04%
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Moist Conditions
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Low Flow
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Figure 10. Total nitrogen (TN) load duration curve for Bonne Femme CieaiBID 750.

Table 12. TN loads at specific flow conditionss for Bonne Femme Cie@dkBID 750.*

Loading
Percent of time flow Flow Capacity Existing Load Percent Reductions
met or exceeded | Flow Condition (cfs) (Ibs/day) (cfu/day) to meet WQ Targets
93% Low Flow 0.15 0.74 4.14 82%
84% Dry Conditions 0.58 2.83 15.13 81%
54% Mid Range 6.43 31.24 42.64 27%
39% Moist Conditions 14.13 68.61 45.36 0%

* No data at high flows to calculate existing loadsieededeductions

Pagel7




Load Duration Curves anBeducton Estimates fosix ImpairedStreams in Boon€ounty

June 2022
10,000.00
High Moist Conditions Mid Range Dry Conditions Low
Flows Flows
1,000.00
& 100.00
S
=2
he]
©
o
-
3
5 10.00
<
@
o [ ]
£ . ~
I o ¢
g ° o © °
[ 1.00 ° $ ' ..
$ o 8 o
® ° L : | S 4
H . . . o oo °®
hd (4 ) ° o 8o 4 L J ‘
. [ ] 'Y (] - ... P4
' LU L .
0.10 . «® | ¢% o e
L
L ]
L )
0.01

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 100%
Percent of Time Flow is Equaled or Exceeded

RTAG TP Target Load (0.075 mg/L) @ Observed Load

Figure 11. Total phosphorus (TP) load duration curve for Bonne Femme CAe4kD 750.

Table 13. TP loads at specific flow conditions for Bonne Femme Cie@iBID 750.

Loading

Percent of time flow Flow Capacity Existing Load Percent Reductions
met or exceeded | Flow Condition (cfs) (Ibs/day) (Ibs/day) to meet WQ Targets
98% Low Flow 0.06 0.02 3.49 99.30%

84% Dry Conditions 0.58 0.24 4.34 94.57%

54% Mid Range 6.43 2.60 0.46 0.00%

39% Moist Conditions 14.13 5.72 0.21 0.00%

6% High Flow 260.49 105.38 0.29 0.00%
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Load Duration Curves for Turkey Creek i WBID 751
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Figure 12 E. coli load duration curve for Turkey CreekVBID 751.

Table 14. E. coli loads at specific flow conditions for Turkey Cre&¥BID 751.

Loading

Percent of time flow Flow Capacity Existing Load Percent Reductions
met or exceeded | Flow Condition (cfs) (cfu/day) (cfu/day) to meet WQ Targets
95 Low Flow 0.01 0.00E+00 No data No data

79 Dry Conditions 0.25 6.35E+08 1.84E+09 65.50%

57 Mid Range 1.57 4.61E+09 6.66E+09 30.74%

25 Moist Conditions 9.53 2.89E+10 No data No data

5 High Flow 99.98 3.12E+11] 3.03E+12 89.70%
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Load Duration Curves for Bass Creeki WBID 752
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Figure 13. E. coli load duration curve for Bass CréaeWBID 752.

Table 15. E. coli loads at specific flow conditions for Bass CreakBID 752.

Loading

Percent of time flow Flow Capacity Existing Load Percent Reductions
met or exceeded | Flow Condition (cfs) (cfu/day) (cfu/day) to meet WQ Targets
95 Low Flow 0.01 5.17E+07 No data No data

78 Dry Conditions 0.16 6.04E+08 4.85E+08 0.00%

46 Mid Range 1.60 5.24E+09 9.58E+09 45.31%

37 Moist Conditions 2.62 8.47E+09 2.08E+10 59.23%

8 High Flow 32.87 9.90E+10 2.06E+12 95.19%
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Load Duration Curves for BonneFemme Creeki WBID 753
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Figure 14. E. coli load duration curve for Bonne Femme Cr&kBID 753.

Table 16. E. coli loads at specific flow conditions for Bonne Femme CiedkBID 753.

Loading

Percent of time flow Flow Capacity Existing Load Percent Reductions
met or exceeded | Flow Condition (cfs) (cfu/day) (cfu/day) to meet WQ Targets
95 Low Flow 0.01 3.13E+07 No data No data

75 Dry Conditions 0.19 9.59E+08 9.89E+08 2.97%

52 Mid Range 1.10 5.56E+09 5.60E+09 0.73%

34 Moist Conditions 2.84 1.43E+10 8.38E+09 0.00%

5 High Flow 52.28 2.64E+11 No data No data
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Appendix A
12-digit Subwatershed Maps ofCritical Areas
for Nonpoint Source BMP Implementation

The map on the following page preseatiticalareas associated with agricultural land uses in

the 12-digit hydrologic unit code (HUC3ubwatershedsithin theLittle Bonne Femme and

Bonne Femmaevatershed These areas were bdba determined based on available land cover

and soils data. Theritical areas presented here should be supplemented with local knowledge of
the watershed in order to select and appropriately site BMPs.

Figure A.1. 12-digit HUC Little Bonne Femme  41.1mi? (66 km?)
103001020903

12-digit HUC Bonne Femme 52.8mi? (85 kn)
103001020902
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Critical Areas* N
&7 Hay and Pasture
@ cultivated Crops 63 \\Y E
* Defined as agricultural areas on soils having the highest runoff COMmDIS
potential. Such areas in riparian areas (30 meter stream buffer) S
are of special concern.
McBaine
Lupus
2,
-,
Ql-'.
%,
<
CZ3 12-digit HUC Boundary
N Gans Cr. (1004)
aApsm= | Bonne Femme Cr. (1003)
s~ Bonne Femme Cr. (750)
aNp= Turkey Cr. (751)
M= Bass Cr. (752)
M= Bonne Femme Cr. (753)
Other streams
r | Rock Bridge Memorial State Park
Jamestown J
0 1 2 4 Three Creeks Conservation Area
I e \iles Municipal Area

Figure A-1. Bonne Femme CreekHUC 10300102090pand Little Bonne Femme Creek (H10300102098) critical areas.
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Appendix BT E. coli Data

E. coli
Site Date (cfu/100mL)
1003/2.4| 7/18/2013 35.5
1003/2.4| 8/8/2013 62.0
1003/2.4 | 8/28/2013 1.0
1003/2.4 | 8/28/2013 9.8
1003/2.4| 9/18/2013 83.3
1003/2.4| 10/9/2013 23.8
1003/2.4| 10/9/2013 1.0
1003/2.4| 4/2/2014 1,011.2
1003/2.4 | 4/22/2014 461.1
1003/2.4| 5/14/2014 2,419.6
1003/2.4| 6/3/2014 26.9
1003/2.4| 7/14/2014 84.5
1003/2.4| 8/6/2014 6.3
1003/2.4| 8/21/2014 25.9
1003/2.4| 9/16/2014 93.3
1003/2.4 | 10/6/2014 648.8
1003/2.4| 4/6/2015 488.4
1003/2.4 | 4/22/2015 365.4
1003/2.4| 5/12/2015 133.3
1003/2.4 | 5/12/2015 150.0
1003/2.4| 6/2/2015 866.4
1003/2.4 | 6/22/2015 387.3
1003/2.4| 7/14/2015 209.8
1003/2.4| 8/4/2015 93.4
1003/2.4 | 8/24/2015 1,553.1
1003/2.4 | 9/15/2015 128.1
1003/2.4| 10/6/2015 178.5
1003/2.4| 4/4/2016 67.0
1003/2.4 | 4/25/2016 84.2
1003/2.4 | 5/18/2016 770.1
1003/2.4 | 6/28/2016 63.8
1003/2.4| 7/12/2016 980.4
1003/2.4| 8/2/2016 1,553.1
1003/2.4| 8/2/2016 1,986.3
1003/2.4 | 8/22/2016 34.1
1003/2.4| 9/12/2016 365.4
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E. coli
Site Date (cfu/100mL)
1003/2.4 | 10/3/2016 64.4
1003/2.4| 4/6/2017 1,986.3
1003/2.4| 4/27/2017 2,419.6
1003/2.4 | 5/15/2017 84.5
1003/2.4| 6/6/2017 151.5
1003/2.4| 6/27/2017 184.2
1003/2.4| 6/27/2017 1.0
1003/2.4| 7/11/2017 120.1
1003/2.4| 8/2/2017 27.9
1003/2.4 | 8/24/2017 325.5
1003/2.4 | 9/14/2017 45.9
1003/2.4 | 9/14/2017 1.0
1003/2.4| 10/2/2017 20.3
1003/2.4| 4/4/2018 50.4
1003/2.4 | 4/24/2018 4.1
1003/2.4 | 5/16/2018 78.5
1003/2.4| 6/5/2018 88.4
1003/2.4 | 6/25/2018 45.0
1003/2.4| 7/10/2018 39.5
1003/2.4| 8/2/2018 64.4
1003/2.4 | 8/21/2018 37.3
1003/2.4 | 9/10/2018 14.6
1003/2.4 | 9/10/2018 1.0
1003/2.4| 10/2/2018 159.7
1004/0.4 | 7/18/2013 24.1
1004/0.4| 7/18/2013 36.4
1004/0.4| 8/8/2013 141.4
1004/0.4| 4/2/2014 2,419.6
1004/0.4 | 4/22/2014 62.7
1004/0.4 | 5/14/2014 1,732.9
1004/0.4| 6/3/2014 25.6
1004/0.4 | 6/26/2014 167.0
1004/0.4| 7/14/2014 613.1
1004/0.4 | 8/21/2014 2,419.6
1004/0.4 | 9/16/2014 248.9
1004/0.4 | 10/6/2014 613.1
1004/0.4| 4/6/2015 95.9
1004/0.4 | 4/22/2015 410.6
1004/0.4 | 5/12/2015 1.0
1004/0.4 | 5/12/2015 107.1
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E. coli
Site Date (cfu/100mL)
1004/0.4| 6/2/2015 70.3
1004/0.4 | 6/22/2015 131.7
1004/0.4 | 7/14/2015 125.9
1004/0.4| 8/4/2015 90.8
1004/0.4| 8/4/2015 75.4
1004/0.4 | 8/24/2015 770.1
1004/0.4| 4/4/2016 51.2
1004/0.4 | 4/25/2016 81.6
1004/0.4 | 5/18/2016 2,419.6
750/4.2 | 9/2/2009 121.0
750/4.2 | 10/7/2009 261.0
750/4.2 | 4/7/2010 4,839.0
750/4.2 | 5/5/2010 185.0
750/4.2 | 6/2/2010 1,553.0
750/4.2 | 8/4/2010 201.4
750/4.2 | 9/8/2010 206.4
750/4.2 | 4/6/2011 410.6
750/4.2 | 5/12/2011 185.0
750/4.2 | 6/9/2011 146.7
751/3.3 | 4/3/2014 2,419.6
751/3.3 | 4/15/2014 91.1
751/3.3 | 5/12/2014 1,119.9
751/3.3 | 6/4/2014 2,419.6
751/3.3 | 6/25/2014 461.1
751/3.3 | 4/22/2015 344.8
751/3.3 | 5/12/2015 24.1
751/3.3 | 6/3/2015 52.0
751/3.3 | 6/23/2015 127.4
751/3.3 | 7/15/2015 193.5
751/3.3 | 8/5/2015 579.4
751/3.3 | 8/24/2015 547.5
751/3.3 | 4/7/2016 129.1
751/3.3 | 5/19/2016 980.4
752/0.2 | 4/3/2014 2,419.6
752/0.2 | 4/15/2014 172.3
752/0.2 | 5/12/2014 75.4
752/0.2 | 6/4/2014 2,419.6
752/0.2 | 6/25/2014 178.5
752/0.2 | 8/7/2014 2,419.6
752/0.2 | 9/18/2014 148.3
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E. coli
Site Date (cfu/100mL)
752/0.2 | 10/6/2014 203.5
752/0.2 | 4/6/2015 103.9
752/0.2 | 4/22/2015 307.6
752/0.2 | 5/12/2015 29.2
752/0.2 | 6/3/2015 74.9
752/0.2 | 6/23/2015 770.1
752/0.2 | 7/15/2015 122.3
752/0.2 | 8/5/2015 59.4
752/0.2 | 8/24/2015 365.4
752/0.2 | 8/24/2015 579.4
752/0.2 | 9/15/2015 1.0
752/0.2 | 4/7/2016 28.8
752/0.2 | 4/25/2016 23.3
752/0.2 | 5/19/2016 686.7
752/0.2 | 6/8/2016 75.9
752/0.2 | 6/29/2016 261.3
753/0.2 | 6/3/2015 547.5
753/0.2 | 6/23/2015 79.8
753/0.2 | 7/15/2015 55.6
753/0.2 | 8/5/2015 231.0
753/0.2 | 8/24/2015 920.8
753/0.2 | 4/8/2016 81.6
753/0.2 | 4/8/2016 68.9
753/0.2 | 4/25/2016 86.2
753/0.2 | 4/25/2016 131.7
753/0.2 | 5/19/2016 162.4
753/0.2 | 5/19/2016 48.8
753/0.2 | 6/8/2016 178.5
753/0.2 | 6/29/2016 435.2
753/0.2 | 9/12/2016 1.0

June 2022
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Appendix C i Nutrient and Sediment Data

Date Total Phosphorus | Total Nitrogen | Total suspended solids
Site Code | (mo/dayl/year) (mg/L) (mg/L) (mg/L)

1004/0.1/0.4 5/15/1999 0.22 1.73
1004/0.1/0.4 5/19/1999 0.22 3.94
1004/0.1/0.4 7/26/1999 0.1 1.69
1004/0.1/0.4 8/11/1999 0.09 1.72
1004/0.1/0.4 8/27/1999 0.09 1.77
1004/0.1/0.4 2/25/2000 0.88 4.09
1004/0.1/0.4 2/25/2000

1004/0.1/0.4 2/26/2000

1004/0.1/0.4 2/26/2000 0.34 3.22
1004/0.1/0.4 2/26/2000 0.42 3.69
1004/0.1/0.4 7/14/2000 0.14 1.35
1004/0.1/0.4 8/7/2000 0.28 1.87
1004/0.1/0.4 8/7/2000 0.26 1.62
1004/0.1/0.4 8/7/2000 0.26 1.62
1004/0.1/0.4 8/7/2000 0.33 1.77
1004/0.1/0.4 8/7/2000 1.12 3.19
1004/0.1/0.4 8/8/2000 1.27 2.67
1004/0.1/0.4 8/8/2000 0.46 1.29
1004/0.1/0.4 8/8/2000 0.44 1.17
1004/0.1/0.4 8/9/2000 0.16 0.84
1004/0.1/0.4 1/28/2001 0.2 2.57
1004/0.1/0.4 1/28/2001 0.21 2.47
1004/0.1/0.4 1/29/2001 0.95 1.92
1004/0.1/0.4 1/29/2001 0.7 1.65
1004/0.1/0.4 1/29/2001 0.64 1.51
1004/0.1/0.4 1/29/2001 0.34 1.39
1004/0.1/0.4 1/29/2001 0.74 1.58
1004/0.1/0.4 1/29/2001 0.48 1.36
1004/0.1/0.4 1/30/2001 0.36 1.74
1004/0.1/0.4 1/30/2001 0.33 1.93
1004/0.1/0.4 6/3/2001 0.2 3.85
1004/0.1/0.4 6/3/2001 0.19 2.11
1004/0.1/0.4 6/3/2001 0.57 2.58
1004/0.1/0.4 6/4/2001 0.38 1.38
1004/0.1/0.4 6/4/2001 0.25 1.83
1004/0.1/0.4 6/4/2001 0.22 1.56
1004/0.1/0.4 6/6/2001 0.4 1.47
1004/0.1/0.4 6/6/2001 0.22 1.14

June 2022
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Date Total Phosphorus | Total Nitrogen | Total suspended solids
Site Code | (mo/day/year) (mg/L) (mg/L) (mg/L)

1004/0.1/0.4 6/6/2001 0.16 1.76
1004/0.1/0.4 6/15/2001 0.11 1.21
1004/0.1/0.4 6/22/2001 0.1 1.15
1004/0.1/0.4 6/29/2001 0.12 1.53
1004/0.1/0.4 3/6/2002 0.21 1.48
1004/0.1/0.4 3/6/2002 0.14 1.45
1004/0.1/0.4 3/7/2002 0.23 1.82
1004/0.1/0.4 3/12/2002 0.22 1.49
1004/0.1/0.4 3/13/2002 0.16 1.56
1004/0.1/0.4 5/12/2010 0.2 1.04 151
1004/0.5 4/1/2004 0.1 0.7
750/5.8 9/24/2001 0.47
750/5.8 3/21/2002 0.12
750/5.8 9/24/2003 0.130 0.77
750/5.8 4/2/2004 0.090 0.57
750/5.8 10/12/2012 0.36 19
750/5.8 3/19/2013 0.050 0.78 <5
750/5.8 4/1/2014 0.33 <5
750/5.8 10/8/2014 0.078 0.54 <5
750/5.8 4/1/2015 0.029 0.27 <5
750/5.8 4/1/2015 0.035 0.27 <5
750/5.8 10/1/2015 0.049 0.35 5
750/5.8 10/1/2015 0.056 0.41 <5
750/5.8 4/6/2016 0.024 0.28 <5
750/5.8 4/6/2016 0.026 0.23 <5
750/5.8 10/4/2016 0.066 0.31 <5
750/5.8 10/4/2016 0.066 0.32 <5
750/5.8 4/13/2017 0.064 0.37 <5
750/5.8 9/28/2017 0.073 0.36
750/5.8 9/28/2017 0.074 0.37 6
750/5.9 9/24/2001 0.060 0.32
750/5.9 3/21/2002 0.12
750/5.9 9/24/2003 0.130 0.8
750/5.9 4/2/2004 0.100 0.58
750/5.9 7/28/2004 0.040 0.26 7
750/5.9 12/15/2004 0.050 0.57 7
750/5.9 5/11/2005 0.040 0.29 7
750/5.9 10/17/2005 0.050 0.34 12
750/5.9 12/13/2005 0.040 0.22 <5
750/5.9 2/27/2006 0.040 0.31 8

June 2022
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Load Duration Curves anBeducton Estimates fosix ImpairedStreams in Boon€ounty

Date Total Phosphorus | Total Nitrogen | Total suspended solids
Site Code | (mo/day/year) (mg/L) (mg/L) (mg/L)
750/5.9 4/3/2012 0.110 0.38 <5
750/6.1 4/1/2014 0.26 <5
751/0.7 9/24/2001 0.080 0.28
751/0.7 3/21/2002 0.060 0.16

June 2022
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Cost Estimate Calculations



Greater Bonne Femme Watershdshsed Plan: Appendi
WBP Implementation Budget Summary and Cost Estimate Calculations

Greater Bonne Femme Watershed-based Plan Budget Summary

High-end values are used on cost ranges from breakdown worksheets to be conservative.

Phase 1 Phase 2 Phase 3

Implementation Cost Category Years 1-7 Years 8-14 Years 15-21 Total Estimated Cost
Watershed-wide BMP Installation 5121,517.00 5121,517.00 5121,517.00 5364,551.00
Cover Crops Pilot Subwatershed 42 514, 700.00 529,400.00 544,100.00 S88,200.00
Demonstration Project 530,000.00 530,000.00
Information and Outreach 5119,950.00 5204,950.00 589,950.00 5414 850.00
Septic Pump-out Program 56,000.00 56,000.00 56,000.00 518,000.00
Monitoring 568,296.20 568,296.20 568,296.20 5204,888.60
Administrative 528,000.00 528,000.00 528,000.00 584,000.00
Total Estimated Cost 5535,453.2{.'" $}'52,1E-3.20| $}'93,SE3.2{.'I| $2,ﬂ£5,489.ﬁﬂ|
Urban BMP Area Cost Total
Bioretention Basin 7.3 acres (317998 sq ft) |514.68/sq ft 54 668,064.00
Detention Pond 4.4 acres (191664 sq ft) Variable®* Variable**

**according to the EPA, typical costs for wet detention ponds range from $17.50-535.00 per cubic meter ($0.50-51.00 per cubic foot) of storage area.

Dry detention basins typically cost around 510 per square meter (50.30 per cubic foot) for smaller basins and 55 per square meter ($0.15 per cubic

foot) for larger basins. However, the total cost for & pond or detention basin needs to include allowances for permitting, design and construction,

and maintenance costs. Permitting costs may vary depending on state and local regulations.
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Cost Calculations for Practices Supported by Boone County Soil and Water Conservation District (SWCD)

State Average Cost
BMP Type BMP Recommended in Geosyntec Report Corresponding SWCD Practice Name* Units for Cost Calculation |Estimate®* Cost-Share Payment Rate***
Cropland Field Border (replace vegetated buffer) N386 Field Border (+ $500/ac for 10-year renewal) Acre $557.20 51,017.90
Retention pond (WASCOB) DWP-01 Sediment Retention, Erosion, or Water Control Structure Past Contracts Project Avg 510,878.61 58,158.96
Pastureland |Grazing Management Extremely variable across species, system size, and components - going with max / acre
Permanent Fencing DSP 3.3 Grazing System Fence - Dependent on Species Acre $70.00 Maximum per Acre
Water Development (not often needed as water source already present) [DSP 3.1 Grazing System Water Development Acre $110.00 Maximum per Acre
Water Distribution DSP 3.2 Grazing System Water Distribution Acre $120.00 Maximum per Acre
WQ 10 (replace livestock exclusion) WQ10 Stream Protection**** Acre $200.00 $750.00
MN393 Vegetative filter strip (only appropriate adjacent to streams) N393 Filter Strip Acre $557.20 51,417.590
N472 Livestock Exclusion (replace fencing) N472 Livestock Exclusion - Dependent on Species (will go with max here) Feet of Fence $1.10-51.79/foot (electric)| 50.82-51.34/foot (electric)
Streambank |Streambank buffer (must be adjacent to agricultural land) N393 Filter 5trip (a riparian buffer, vegetative buffer or reinforcing the existing tree line) |Acre $557.20 51,417.90
Vegetated buffer with trees (must be adjacent to agricultural land) N391 Riparian Forest Buffer (NRCS practice) Acre 5191401 $2,63551
Urban Bioretention urban practice cost-share funding not available - will work with municipal partners

Detention pond

urban practice

caost-share funding not available - wi

work with municipal partners

IMaintain existing BMPs in accordace with the SWPPP

andowner responsibility

andowner responsibility

* Boone County staff worked with Boone County Soil and Water Conservation District staff to determine which SWCD practice most closely corresponded to practices recommended by Geosyntec in their modeling report
** State Average Cost Estimate is based on SWCD receipts collected from cooperators the year prior for all practices, and actual costs are averaged to come up with the Average, and SWCD payments to cooperators are based off of those.

MNew State Average Costs are calculated annually by DNR-SWCP.

*** Cost-share payment rate is determined periodically for certain practices funded by SWCD.

****|ncludes fencing, water distribution, Out of Production Incentive, etc.

A description ofeligible Missouri Soil and Water Conservation Program esisare practices can be found here:
https://mosoilandwater.land/sites/mosoilandwater/files/internal -07-V-eligible-practices. pdf
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https://mosoilandwater.land/sites/mosoilandwater/files/internal-07-V-eligible-practices.pdf

Cost Estimate Calculation for Primary BMP Recommendations from Geosyntec

All costs are taken from the BCSWCD costs tab for the practice numbers noted.

*costdependent on species

wiork with municipal partners for funding

A description of eligible Missouri Soil and Water Conservation Program-sbste practices can be found here:

https://mosoilandwater.land/sites/mosoilandwater/files/internal -07-V-eligible-practices.pdf

Area (Acres) Unit
or Length Conversion
Applicable (ft) of BMP |Units (to acres of Cost per
WBID BMP Recommendation from Geosyntec Applicable BOWCD Practice Location (Geosyntec) |(Geosyntec) |practice)* Cost-share Payment Rate Unit Cost / Cost Range
B|Livestock exclusion/Alternative source of water [WQ10 Stream Protection®==* Pasture 3341.7|ft 2.3 $750.00 $1,725.00
36|Fencing M472 Livestock Exclusion==*=* Pasture 5073.2|ft $0.82-51.34/foot [electrig) 54160.02-56798.09
73|Vegetated Buffer MN386 Field Border [+ $500/ac for 10-year renewal)*** Streambank 747.5(ft 0.51)|$1017.90 = $500/ac for 10-year renewal $1,029.13
75|Streambank Buffer M393 Filter Strip / N391 Riparian Forest Buffer Streambank 118.2(ft 0.08 $1417.90-52635.51 $113.43-5210.84
38 |Streambank Buffer 393 Filter Strip / N391 Riparian Forest Buffer Streambank 2664 4|1t 1.83 $1417.90-52635.51 52594.76-54822.98
DSP 3.3 Grazing System Fence - Dependent on Species 570.00 Maximum per Acre
132|Grazing Management DSP 3.1 Grazing System Water Development** Pasture BE.3|ac 5110.00 Maximum per Acre 5300.00 $25,850.00
DSP 3.2 Grazing System Water Distribution 5120.00 Maximum per Acre
138|Fencing M472 Livestock Exclusion®**** Pasture 7537.6|ft 50.82-51.34/foot |elecric) 56180.83-510100.38
140 |Vegetated Buffer M386 Field Border [+ 5500/ac for 10-year renewal)*** Cropland 1.2|ac 51017.80 + 5500/ac for 10-year renewal $2,421.48
141 |Vegetated Buffer with Trees N391 Riparian Forest Buffer Streambank 4177 5|ft 288 52,635.51 57,580.27
DSP 3.3 Grazing System Fence - Dependent on Species 570.00 Maximum per Acre
143|Grazing Management DSP 3.1 Grazing System Water Development** Pasture 27.8B|ac 5110.00 Maximum per Acre $300.00 $8,340.00
DEP 3.2 Grazing System Water Distribution 5120.00 Maximum per Acre
144 |Livestock exclusion/Alternative source of water [WQ10 Stream Protection®==* Pasture 1356|ft 0.93 5750.00 5697.50
DSP 3.3 Grazing System Fence - Dependent on Species $70.00 Maximum per Acre
157|Grazing Management DSP 3.1 Grazing System Water Development*®* Pasture 34.6|ac 5110.00 Maximum per Acre $300.00 $10,380.00
DSP 3.2 Grazing System Water Distribution 5120.00 Maximum per Acre
DSP 3.3 Grazing System Fence - Dependent on Species $70.00 Maximum per Acre
167|Grazing Management D5P 3.1 Grazing System Water Development** Pasture 7.6|ac 5110.00 Maximum per Acre $300.00 $2,280.00
DSP 3.2 Grazing System Water Distribution 5120.00 Maximum per Acre
181|Vegetated Buffer N386 Field Border [+ 5500/ac for 10-year renewal)*** Cropland 12.7|ac 51017.90 + 5500/ ac for 10-year renewal $25,627.33
185 |Vegetated Buffer M386 Field Border [+ 5500/ac for 10-year renewal)*** Cropland 1.5|ac 51017.90 + 5500/ ac for 10-year renewal $3,834.01
188 |Vegetated Buffer M386 Field Border [+ 5500/ac for 10-year renewal)*** Cropland 14|ac 51017.90 + 5500/ ac for 10-year renewal $28,250.60
188 |Vegetated Buffer MN386 Field Border [+ $500/ac for 10-year renewal)*** Cropland 1.6|ac $1017.90 + 5500/ac for 10-year renewal $3,228.64
DSP 3.3 Grazing System Fence - Dependent on Species $70.00 Maximum per Acre
200 |Grazing Management DSP 3.1 Grazing System Water Development** Pasture 148lac 5110.00 Maximum per Acre 5$300.00 $4,400.00
DSP 3.2 Grazing System Water Distribution 5120.00 Maximum per Acre
220|Vegetative Filter Strip M383 Filter Strip Pasture 9502.5|ft 6.8 51,417.30 59,641.72
226 |Vegetative Filter Strip M383 Filter Strip Pasture 5305.9|ft 3.7 51,417.90 55,246.23
DSP 3.3 Grazing System Fence - Dependent on Species 570.00 Maximum per Acre
241|Grazing Management DSP 3.1 Grazing System Water Development®*® Pasture 51.2|ac 5110.00 Maximum per Acre $300.00 $15,360.00
DEP 3.2 Grazing System Water Distribution 5120.00 Maximum per Acre
247 |Vegetative Filter Strip MN383 Filter Strip Pasture B024 3|ft 5.5 51,417.30 57,798.45
243|Bioretention basin urban practice - cost-share funding not available******| Urban 7.3|ac 514 68/=q ft
DSP 3.3 Grazing System Fence - Dependent on Species 570.00 Maximum per Acre
245|Grazing Management DSP 3.1 Grazing System Water Development*®* Pasture 26.4|ac 5110.00 Maximum per Acre $300.00 $7,920.00
DEP 3.2 Grazing System Water Distribution 5120.00 Maximum per Acre
*where applicable: 30 foot width from Type 3 buffer, Boone County regulations, by # of feet
**water development may not be needed - included in cost estimate to be conservative
***included two 10-year renewal bonuses per acre for the 21 years of milestones Cost Range Low  5184,709.40 30% of Low Range 555,4132.82
****includes fencing, water distribution, Out of Production Incentive, etc. Cost Range High  5193,592.65 30% of High Range  $58,077.80
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https://mosoilandwater.land/sites/mosoilandwater/files/internal-07-V-eligible-practices.pdf

Cost Estimate Calculation for Alternative BMP Recommendations from Geosyntec

All costs are taken from the BCSWCD costs tab for the practice numbers noted.

**=*includes fencing, water distribution, Out of Production Incentive, etc.

**=2r0st dependent on species
|

work with municipal partners for funding

A degription of eligible Missouri Soil and Water Conservation Program esisare practices can be found here:

https://mosoilandwater.land/sites/mosoilandwater/files/internal -07-V-eligible-practices.pdf

Area (Acres)
or Length
Applicable  |(ft) of BMP |Units Unit Conversion
WEBID |BMP Recommendation from Geosyntec Applicable BCSWCD Practice Location (Geosyntec) |{Geosyntec) |(to acres of practice)* |Cost-share Payment Rate Cost per Unit |Cost [ Cost Range
8|Permanent vegetation establishment in riparian buffer |N393 Filter Strip / N391 Riparian Forest Buffer Pasture 3341.7|ft 23 $1417.90-52635.51 $3261.17-56061.67
DSP 3.3 Grazing System Fence - Dependent on Species $70.00 Maximum per Acre
36|Grazing Management DSP 3 1 Grazing System Water Development** Pasture 52|ac 5110.00 Maximum per Acre 5300.00 515,600.00
DSP 3.2 Grazing System Water Distribution 512000 Maximum per Acre
73|5treambank Buffer MN393 Filter Strip / N391 Riparian Forest Buffer Streambank 747 5|ft 051 51417 90-5263551 5723.13-51344 11
75|Vegetated Buffer N386 Field Border (+ 5500/ac for 10-year renewal |*** Streambank 1182|ft 0.08(51017 50 + 5500/ac for 10-year renewal 516143
98|Vegetated Buffer N386 Field Border (+ 5500/ac for 10-year renewal |*** Streambank 2664 4|ft 1.83(51017 50 + 5500/ac for 10-year renewal 53,692.76
132 |Fencing Na72 Livestock Exclusion®***# Pasture 4243 6|ft S0.82-51 34/foot (electric) 53479 75-55686 42
DSP 3.3 Grazing System Fence - Dependent on Species $70.00 Maximum per Acre
139|Grazing Management DSP 3.1 Grazing System Water Development®* Pasture 146.3|ac $110.00 Maximum per Acre $300.00 $43,890.00
DSP 3.2 Grazing System Water Distribution $120.00 Maximum per Acre
140|Retention Pond DWP-01 Sediment Retention, Erosion, or Water Control Structure  |Cropland 9.2|actreated |10acland /1 ac pool|$18,00000/ 1 ac pool - 1 pond $18,000.00 $18,000.00
141 |Streambank Buffer M393 Filter Strip / N391 Riparian Forest Buffer Streambank 4177.5]|ft 2.88 $141790-52635.51 54083.55-57590.27
143|Fencing N472 Livestock Exclusion®**% Pasture 1983.2|ft $0.82-51.34/foot (electric) 51626.22-52657.49
144|Permanent vegetation establishment in riprarian buffer |N393 Filter Strip / N391 Riparian Forest Buffer Streambank 1356|ft 093 $1417.90-52635.51 51318.65-52451.02
157|Fencing Na72 Livestock Exclusion®*** Pasture 1672.2|ft 50.82-51.34/foot (electric) $1371.20-52240.75
167 |Fencing Na72 Livestock Exclusion®*** Pasture 279.2|ft 50.82-51.34/foot (electric) $228.94-5374.13
181|Maintain existing BMPs in accordance with the SWPP  |Landowner responsibility Cropland 20.4(ac
185|Retention Pond DWP-01 sediment Retention, Erosion, or Water Control Structure  |Cropland 14 5|actreated |10 ac land /1 ac pool|$18,000.00/ 1 ac pool - 2 ponds $18,000.00 $36,000.00
188 |Retention Pond DWP-01 Sediment Retention, Erosion, or Water Control Structure  |Cropland 114|actreated |10acland /1 ac pool|$18,000.00/ 1 ac pool - 12 ponds $18,000.00 5216,000.00
189 |Retention Pond DWP-01 Sediment Retention, Erosion, or Water Control Structure  |Cropland 12.6|ac treated |10 ac land /1 ac pool|$18,000.00 / 1 ac pool - 1 pond $18,000.00 $18,000.00
200|Fencing N472 Livestock Exclusion®*+** Pasture 2839.1|ft $0.82-51.34/foot (electric) $2323.06-53804.39
220 |Livestock exclusion/Alternative source of water W10 Stream Protection**** Pasture 9902.5|ft 6.82 $750.00 $5,115.00
226 |Livestock exclusion/Alternative source of water W10 Stream Protection**** Pasture 5305.9|ft 3.65 $750.00 52,737.50
241 |Fencing N472 Livestock Exclusion®*+** Pasture 4389.2|ft $0.82-51.34/foot (electric) $3599.14-55881.53
242 |Livestock exclusion/Alternative source of water W10 Stream Protection**** Pasture 8024.3|ft 5.5 $750.00 $4,125.00
243 |Detention Pond urban practice - cost-share funding not available****** Urban 4.4|ac !
245 |Fencing N472 Livestock Exclusion®**** Pasture 2718.9|ft $0.82-51.54/foot (electric) $2229.50-3643.33
*where applicable: 30 foot width from Type 3 buffer, Boone County regulations, by # of feet, converted to acres
**water development may not be needed - included in cost estimate Cost Range Low: 5387,571.00 30% of Low: 5116,271.30
***included two 10-year renewal bonuses per acre for the 21 years of milestones Cost Range High: 5405,056.80 30% of High: $121,517.04
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Cover Crop Pilot Program Cost Estimate:

Phase 1 Phase 2 Phase 3 21-Year
(Years 1-7) | (Years 8-14) |(Years 15-21)| Total
Cover Crop Acres 70 140 210 210
Annual Cost-share Cost| 52,100 54,200 $6,300| 512,600
Total Cost 514,700 $29,400 $44,100| 588,200

Subwatershed 42 Cover Crop Pilot Program:

- Total subwatershed row crop production acres: 427.9
- Project goal: Implement cover crops in roughly 1/2 of the row crop acreage in subwatershed

- Cover crop unit cost = 530/ac (based on BCSWCD costs in the county)

- Considers the lifetime allowable cost-share maximum for practice for any landowner is 520,000

Information and Outreach Program Costs Estimate (excluding Septic Program):

Event/Program Annual Cost Source of Cost Estimation and Description
Monitoring Blitz Lunches 5500 |previous events; 2 events/year at 5250 per event (55/person max with 50 people/event)
Water Festival S500 |previous events [ estimate for expansion
Land Management Workshop 34,000 prev?ous events; Understa_n_dingﬁ.g consuI’Fant :
| 51,000 |previous events; food, mailings, speaker gifts, other supplies
(with partner, once per year) -
5500 |previous events; space at Bradford Farms
Producer scholarships to attend training workshops 51,000 |selected limit; 10 scholarships/year at 3100 each
Producer field day with Understanding Ag 84,000 |Understanding Ag costs menu; field consultation farm day with producer attendees
Watershed Signs Replacement 5150 |previous sign costs with vendor / no setup cost
Demonstration and Field Day signage 51,200 |internet search / estimate; temp. signs for field days and perm. signs for demonstration sites
TOTAL ANNUAL COST 512,850
Additional Costs Cost Source of Cost Estimation and Description
Return on Environment Study $115,000.00 |cost calculated based on previous study with similar research intensity / discussion with other
entity that has done similar work / internet search for graphic work
Social Marketing Training and Assistance $30,000|vendor internet search; suitable vendor - expected in year 1 or 2 of Phase 1

Total Information and Outreach Program Costs:

Phase 2 | Phase 3
Phasel |[(Years 8- |(Years15{ 21-Year
(Years 1-7) 14) 21) Total

Annual Information and Outreach Program Costs

89,950 89,950 89,950/ 269,850

Additional Costs

30,000] 115,000 145,000

TOTAL COSTS

119,950 204,950 89,950| 414,850

J5



Septic Pumpout and Awareness Program Cost Estimate:

Phase 1 Phase 2 Phase 3 21-Year
(Years 1-7) | (Years 8-14) | (Years 15-21) Total
Septic Pump-out Program 56,000 56,000 56,000 518,000

The septic pump-out program will offer $200 per household for a septic system pump-out one time during the
implementation phase timeframe. A previous program [2007) offered homeowners 5100 per household for a septic
system pump-out and the cost has increased substantially since that time - this is why we chose 5200/household. We
are unable to break this down on an annual basis because we do not know how many of the pump-outs will be used
each year. We do, however, anticipate "selling out" of the pump-outs the first year of each 7-year phase as this program

was very popular last time.

In order to receive the payment for the septic system pump-out, participants will need to attend an online webinar
program offered by the County (there is no cost associated with the creation of this webinar program) and present a

receipt for their cost for the septic system pump-out.

Watershed-based Plan Monitoring Component Cost Estimate:

» Please see "Annual £ coli Monitoring" and "Annual Mutrient Monitoring" tabs for more detailed breakdown of sampling costs.

Constituent peryear |[Years1-7 |Years8-14 |Years15-21 |Total for project
E. coli 53,171.00 | 522,197.00 | $22,197.00 | $22,197.00 | & 66,591.00
TN, TP, TS5 (WRO) 54,281.47 | 529,970.29 | 529,970.29 | 529,970.29 | 5 89,910.87
TN, TP, T55 (Limnology Lab) - separating Organic from Inorganic in TS5 | 5 6,585.60 | $46,099.20 | 546,099.20 | 546,099.20 | 5  138,297.60
TN, TP, TS5 (Limnology Lab) - no separation of TS5 55,913.60 | 541,395.20 | 541,395.20 | 541,395.20 | 5 124,185.60

Total monitoring cost, low end| $ 745247 | $52,167.29 | $52,167.29 | $52,167.29 | §  156,501.87

Total monitoring cost, high end| 5 9,756.60 | 568,296.20 | 568,296.20 | 568,296.20 | 5 204,888.60

The costs for monitoring includes 7 samples for each constituent per week for four weeks during each quarter, for a total of 28 samples per

guarter and 112 samples per year.




Annual E. coli Monitoring Cost Estimate:

Number of samples Number of

(7 sites, one sample per site) diluted
samples per Cost per sample Cost per sample Cost
Quarter | Week1 | Week 2 [ Week 3 | Weekd |  guarter {(non-diluted) (diluted) Summary
10 7 7 7 7 0| 28 @ $23.00 / sample $ 644.00
20 7 7 7 7 28 28 @ $31.50 / sample| $ 882.00
3Q 7 7 7 7 28 28 @ $31.50 / sample| $ 882.00
4Q 7 7 7 7 14| 16 @ $23.00/ sample| 14 @ $31.50/ sample| $ 763.00

Total per year: | 53,171.00

= Dilution is required during the recreational season (April 1 through October 31 of each year) to ensure that the E. coli
concentration estimate is the most accurate available using the IDEXX method.

= See Monitoring-ALL tab for total monitoring costs by implementation phase

Annual Nutrient and Sediment Monitoring Cost Estimate:

WRO, Lincoln University, Nutrient Analysis University of Missouri, Limnology Lab, Nutrient Analysis
Constituent |per sample per quarter peryear Constituent per sample |per quarter |per year
Personnel cost E. coli
personnel at $12/hr 513.71 5384.00 $1,536.00 ™ 18.3 512.4| 2049.5
subtotal $1,536.00 P 15.2 425.6( 1702.4]
Materials and supplies T55, 25.3 708.4| 2833.6
™ $3.58 $100.31  $401.25
TP 4,83 5135.31  5541.25 Total for Nutrients 6585.6]
Gravimetrics $8.05 $225.50  $902.00 JIncludes breakdown of organics [ inorganics
subtotal 51,844.50
Other direct costs
Shipping and handling SL.32 S37.06  5148.26 University of Missouri, Limnology Lab, Nutrient Analysis
surcharge 5% 50.82 $23.05 $92.23 Constituent per sample | per quarter [per year
subtotal $240.49 E. coli
F&A{Indirect TN 18.3 512.4( 2049.6
F&A/Indirect (43% of personnel) 55.89 5165.12 5660.48 P 15.2 425.6] 1702.4
subtotal 3660.48 T55 19.3 540.4| 2161.6
grand total* 54,281.47

Total for Nutrients 5913.6
Total overhead cost per sample 521.74 5609.23 52,436.97 |

=This guote is a yearly estimate based on TN, TP, TS5 analysis for 7 sites, 4 weeks, and 4 guarters. Additional years would be subject to
additional surcharge given that materials and supplies increase in price each year. (2022-2023)
= See Monitoring-ALL tab for total monitoring costs by implementation phase.
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Appendix K: Information and Outreach
Strategies and Examples



Greater Bonne Femme Watershdzhsed Plan: AppendiK
Information and Outreach Strategies and Examples

Reachingthe goals outlined in thevatershedbasedplan will requireoutreachstrategies.
Education, outreach, and information activities and strategiescategorized bgoal. Each

goal and corresponding table of strategies, examples, and evaluations are found belaweand
corresponding evaluation must be completed for each strategy that is used with an

accompanying assessmeht. YAY AYdzy 2F 2y S

Outreach goals must be completed each year.

AaGNF GS3e F2NJ S| OK

Table 1 Goal: Increase awareness about water quality and watersheds.

Strategies Examples Evaluation
Informational | { Watersheddelineation (install in high 1 Number of signs installed
Signs traffic areas) 1 Number of storndrains
1 Storm drain marking marked
i Stream signs
1 Demonstration information
1 Added signage to increase awareness a
information at placessuch as
demonstration sits, BMP indicators,
topographic information, and local
projects
Public 1 Government organizations 1 Number of public
Speaking 1 Schools speaking events
1 Churches 1 Based on evaluations,
7 Clubs whether attendees
{ Virtual presentations on website, social received information
media, or other outlets from the presentation
Diversify 1 Engage with a new community 1 Survey
Outreach 1 Partner with a local organization
1 Translate education material to additiong
languages
Community Watershed Festival 1 Number of people who
Events Picnics or Fairs attend

E R N

=

Open house

Watershed tour

Day at the stream

Educationahikes

Scavengehunts

Virtual community eventgex photo check
ins, exploration trail shares, ejc.

Display booths at nosponsored events

1 EXxit survey to gauge
enjoyment of event




Student

1 Rockbridge Memorial State Park

Number of presentations

Focused f Boone County Nature School held
Activities { Local public and private schools Number of students
1 Virtual or digital programming attending
1 DayCamps Trend ofnumber' of
students attending over
time
Exit survey to gauge
enjoyment of event
Multimedia Develop a marketing campaign. A marketin Number of hits on County
Campaigns company may be usedr marketing website before and after

development and instruction during WBP

implementation

1 Classe$or socialand digitalmarketing
Informational Materials

1 Marketing Materials

marketing campaign
Numberof viewsfor
socialposts

Number of times that

LI NI YySNEQ LJ
shared

Informational |  Slide shows Pre and post evaluation
Materials 1 Handouts or Flyers of the watershed
1 Mailers population
1 Websites
1 Videos
{1 Brochures
Programs 1 Land managemenworkshops Number of people
and 1 Panel discussions for agricultural attending
Workshops producers, homeownersnd/or
developers. In person or virtual
presentations.
1 BMPtoursand/or displays
1 Public hearingand meetings
Competitions | T Art and design competitions with weards Number of people who
and recognitions for winners participate
1 Education campaigns and PSAs with Change in survey results
rewards and recognitions for winners
Giveaways 1 To promote the project and general wate Return on Environment
quality awarenesgexamples seed surveys
packets stickers,gift cards for BMP Pre-event or workshop
material, Fshirts,calendars peverage survey responses
holders, reusable water bottles, ejc.
Online and w Website development Number of people who
Virtual w Online trainingools visit the website
Resources w Interactive pages




w Resource pages for public and educator
w Virtual placebased education hub

Food
Production

w Peer presentation
w Perennial edible ID
w Cultivation

w Market education
w Farm to Table meal
w Farmtours

1 Number of people who

9 The continuations rate of

participate

people who go on to
attend workshops or
apply for scholarships

Table 2 Goal: Strengthen understanding among stakeholders of how land use activities are
connected to water quality andlooding.

Strategies Recommendation Evaluation
Monitoring 1 Monitoring Blitz at Rock Bridge Memoriall 1 Number of people Wwo
Events State Park attend
1 Regular monitoring odtreams 1 Number of VWQM data
f Volunteer monitoring and stream adoptio|  sheets submitted for
1 School group or clubs monitoring GBFW streams
{ Rain monitoring M Number of streams
adopted for monitoring in
the GBFW
1 Number of groups
monitoring
Modeling and Stream table 1 Number of people who

Demonstration
Tools

Floodplain simulation
Other demonstration tools such as the
enviroscape, erosion control

= =4 4

attend

People who sign up for
contact list
Postdemonstration
survey

Demonstration
Projects

Demonstration projects will be incorporated intg
WBPimplementation projects; signhage, field day
and tours will be included. Examples of potentig
BMPs to demonstrate:

1 Bioretention basins

1 Cropland BMPgXx. nutrient management
plan, cover crops,vegetativebuffer,
grassedwaterways, eto.

1 Livestock BMP&x rotational grazing,
relocation ofpasturefeedingsites, grazing
managementplan, fencingoff streams,
vegetativefilter strips, etc)

Pre- and postevaluation
of the population in the
watershed

Pre- and postsurvey of
attendees

Number of people who
request informationfor
cost shareandfunding
throughpartner
organization




1 Urban(ex bioswale,permanent

vegetation, invasivepeciesremoval, etc)

1 Streambankgex riparianrestoration,
stabilization, etg.

Clean Up i Streamclean ups 1 Number of people who
Events 1 Watershed land clean up participate
{ Native planting | Number of road segments i
1 Restoratiorworkdays the watershed adopted
1 Invasive specieemoval 1 Number of activities that
occur
Watershed 1 Stakeholder tour 1 Number of people who
Tours 1 Scavenger hunt participate
i Farm tours f Change irsurvey results
1 Rain Catchers goout while it is raining 1 Number of actives that
and get flow and rainfall information occur
Workshops 1 Land management workshops 1 Number of people who
1 Panel discussions for agricultural attend
producers, homeowners, or developers. | § People who sign up for
personor virtual presentations contact list
1 BMPtours or displays 1 Postactivity survey
Wet Feet 1 Day at the stream 1 Number of people who
Activities 1 Exploration andeducationhikes attend

1 People who sign up for
contact list
1 Postactivity survey

Table 3: GoalEncourage BMP implementation for the protection and improvement of water

quality.

Strategies Recommendation Evaluation

Recognition Stormwater Champions marketing and 1 Number of people who
and/or recognition program for incentivizing online take part in the training
Reward or in-person training for the use of BMPs to and certification practice
Program promote water quality protection and 1 Interview random citizens

improvement.

9 Green snow removal
1 Agriculture

1 Residents

9 Schools

9 Construction

91 Development

to seeif they are more
likely tosupportan
organizatiorthat has a
StormwaterChampion
recognition

1 Pre and postprogram
surveyof the recipients




1 Schools

9 Organizations
How-to Field | § Handouts Number of people who
Guides { Videos view or download

9 Online Content resource
Low Impact 1 Developers forum Number of forums and/or
Development | § LED certification recognition workshops held

1 Contractor and engineer workshops Number of people who

attend
Number of new buildings
that are LIEED

Soil Health, Scholarship$or training Reductionin E.colifrom

Agroforestry, Landscape&oaching livestock andhutrients

and Townhalls and sedimenin

Regenerative Farmer forums watershed streams

Agriculture Demonstration burs Number of Soil and
Resources webpage for implementation Water District funded
Land management workshops projectsin watershed
Demonstration sites Pre-and postprogram
Perennial production education urvey

Good Trash clean up Reductionin reported

Housekeeping

Snow and ice removal
Fertilizer and pesticide usage
Pet waste removal

illicit discharges

Car washing
BMP Rainbarrelworkshogs Number of people who
Handson Rain scaping attend
Activities Invasive species removal Pre-and postprogram
Native planting Survey
Tips and tours for maintaining BMPs
Wastewater Septic pumping andhaintenancerebate Number of septic progran

=4 =4 8 -8 8 -8 _8_9-49_9_42_°_2:@3""°_-2._-252:_-2°_-2._-2_-2-._-2_-21-°

Policy maker tours

Partnering with Boone County Regional
Sewer District an@ooneCountyHealth
Department

Maintenance guides and manuals

workshop attendees
Number of septic
pumpouts

Amount of human Ecoli
in streams
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