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SCOPE ANDBJECTIVES

In 2012, he U.S. Department of Agriculture through thational Resources Conservation
Service (NRCB)plemented theNational Water Quality Initiative (NWQI) aimed at reducing
ydzi NASyGa FyR aSRAYSyld Ay GKS ylFGA2YyQa NAJSNAE
the NRCS and its partners to work with landowners to implement voluntary conservation
practices thaimprove water quality in higipriority watersheds while maintaining agricultural
productivity. While highpriority watersheds have been identified around the country, typically
watershedscale evaluations identifying specific pollution sources and tinsewation

practices needed to improve water quality aret available to field office staff responsible for
working with landowners Therefore, a comprehensive planning effort aimed at prioritizing
specific landscapes, crop types, and the conservatiastpes available is needed to help NRCS
field staff implementhe NWQI program where it will be the most effective considering limited
available resources.

The Missouri State Office of the NR@8tractedthe Ozarks Environmental and Water
Resourcs Institute (OEWRI) at Missouri State University (MSiggttorm a pilot watershed
assessment study for the Lamar Lalkorth Fork Spring River WatershiedBarton County,
Missouri The project area is a idigit hydrologic unit code (HU2#110702070206)
watershedthat includes a segment of the North Fork Spring Riveaited within the larger
Spring Rivebasin Currently, Lamar Lake and the North Fork Spring River are listed as
impaired by the Missouri Department of Natural Resources (RpahdTotal Maximum Daily
Load (TMDL) evaluatiomgere developed for both that addresmtrient and sedimentoad
reductions(MDNR 2006, USEPA 2Q0Burthermore, a comprehensive watershed management
plan was developed for the Spring Ribasinusing awater quality model that also specifically
addressedest management practiceB¥P3 implementation in both the North Fork Spring
River and Lamar Lake watershgushding U.S. Environmental Protection Agency (USEPA)
approval(MDNR 2015).

The purpose of this assessment is to provide NRCS fieldweiiéithe necessary informatioto
identify locations within the watershed where soil, slope, and land use practices have the
highest pollution potential and tdescribeconservation practicethat can be the most
beneficial to improve water quality. The specific objectives of this assessment are to:

(1) Complete a comprehensive inventory of existing data in the watershed including
information related to geology, soils, hydrology, climate, land use amydexisting
biological or chemical monitoring data available;



(2) Perform a resource assessment of the watershed that includes analysis of the data
gathered in the watershed inventory that includes identification of nonpoint source
pollutants, water qualitympairments, rainfalfunoff characteristics, and a fielohsed
stream bank conditions assessment;

(3) Provide NRCS staff with information on the resource concerns within the watershed,
specific field conditions that contribute that most to the water qualitypsirment, and
what conservation practices should be implemented for the existing conditions to get the
most water quality benefit.

DESCRIPTION OF THEN&RSHED

Location

TheLamar Lakéorth Fork Spring Rivevatershed(HUG12# 110702070206) is located in
Barton County, Missouri and is within the Spring River basin-@#X1070207) of southwest
Missouri, southeast Kansas and northeast Oklah@angure 1) This watershed isne ofsix
12-digit HUC watershedsf the HeadwatersNorth Fork Spring River watersh@dUG10#
1107020702) The North Fork Spring River begins in southwest Dade County and flows
northwest into Barton Countpefore turningsouth to the confluence with th&pring Rivein
northwest Jasper CountyThe Lamar Lak&lorth Fork Spring River Watershed (13,292 acres)
drains portionssoutheastern Barton Couniycluding te City of Lama(population of 4532)
and its major drinking water supply reservoir (Lamar Lakegh was built in 1958Figure 2)

Climate

Southwest Missouri hastamperate continentatlimate with hotsummers and moderate

winters Pavis and Schumacher 1992 ver the30 year period from 1982016, the average
annual rainfall at Lamar, Missouri ranged from 23160 inches with anwerage of 47.4 inches

per year(Table 1). Thiighest monthly rainfall totals (>5 inches) occur in the late spring and
early summer during the months of May and June, with generally less precipitation (<3 inches)
during the winter monthsKigure3). Between 19872016, average annual temperature ranged
from 53.560.3 °F with an average of 56.5(TRble 1) Over that period, @erage monthly
temperatures range from 33.2 °F in January 84 °Fin July(Figure 3) Over the last 30 years,

the overall pecipitation and temperature trends show increasing temperatures and decreased
overall rainfall since 1987 (Figug

Solar radiation and evaporation trends are similar to temperature trdondsamar From
2000-2016,averagedailysolar radiatiorby manth ranged from 6.8 MJ/rhin Decembeup to
22.2 MJ/n%in July with an average of 14.9 MJ/(Figure 3. Between 201:2016,monthly



averagedaily estimated evaporatiomanged from 0.04 inches in December to@i2ches in
June vith an average of 0.1@chesover the entire yeafFigureb).

Geology Topography and Geomorphology

The Lamar LakBorth Spring River watershed is located in the Osage Plains section of the
Central Lowland Province of the InteriBlains (USDA, 2006). This regiarharacterized by
rolling plains where local relief is typically betweerEsD ft (MDNR 1986). The underlying
bedrock consists of Pennsylvanian age interbedded limestone, sandstone, shale and coal beds
of the Cherokee Groughat generallysoutheast to thenorthwest(Hughes 1974Kleeschultest

al. 1985). Streams irthis regionare low gradientfeaturing low velocitiesfew riffles, with

mixed bed sediments ranging from siltlhedrock (Davis and Schumacher 19Riher et al
1997). Published regional cues and regime equations available on the NRCS website have
been developed for analysis of tigpl channel morphologfpr streams in the Osage Plaiwgh
drainage areas between 020 squaramiles(Figure6, USDA 2017a

Landscapend Soils

The Lamat.akeNorth Spring River watershed is within the Cherokee Prairies Major Land
Resource Area (MLRA) (USDA, 2006gCherokee Prairies consist of broad and flat
unglaciateduplandsthat gently slo to the floodplains of major streams (Hughes 1974).
Elevaions within the watershed range from 9a0500 feet with generallyigher elevation east
of the North Fork Spring Rivealley(Figure 7).LIDAR derivedape ranges fron®.27-67.6
percentwith the majority of the landchaving a slope of <2¥%igure8). Slopes<2% are generally
found in the uplands and valley bottoms, while the steeper slofieg are not road
embankments, are located along the valley margin.

Upland soils within the Lamar Lakdrth Fork Spring River are mostly residual soilsveeri

from sandstones and shalésrmed underprairie vegetationHughes 1974)Themajority of

the upland soils are eithalfisols (52.1%) arltisols(30.1%)with mollisols(10.4%)and
inceptisols(4.5%)generallybeingfound alongthe valley margins anih the valleybottoms

(Table2, Figure9). Upland soils also have pooffiltration rateswith over 90%of the soils in

the watershedbeingwithin the Hydological Soil Group C (slovgroup D (very slowyr C/D,

with Group B (modrate) only being found along the floodplaifiaple2, Figure10)(USDA

2009) Soils were also classified by Land Capability Classification, which is a way of describing
the suitabilityof a soil to grow fielatrops (USDR&01 7). Withinthe watershed)and capability
classes range from Clas§ 2nd limitations tenthgto be fairly equal among capability

subclasses (e) erosion, (w) water, and (s) which is a limitation due to shallow, droughty, or stony
soil (Table). Wetness tends to be the limitation the developed araaroundLamar and

alongthe valley bottoms (Figurgl). Erosion tends to be the major limitation along the
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uplands in the rural area of the watershed with shallow, droughty, or stony soil being a
limitation along the valley marginghere slopes are a little steepeNearly 40% of the soils
within the watershed have a soil erosioddctor of >0.4 with the majority of those soils found
in the urbanized areas of Lamar and in the valley bottoms (TAlftegurel2). A complete list
of soil series found within the watershed is available in Appendix A.

Hydrology andDrainage Network

TheNorth Fork Spring River is main stream flowing throughwheershedbeginning northwest
of Lamar and flowind0.8milesto the confluence of the West Fork Spring Ri{feégure7). The
majority of the tributary drainage flows from east to west into the main channel, with less
drainage entering from thevestern side of the watershedlhere are a total 062.2miles of
mappedstreamswithin the watershed with the North Fork Spring River the only stream
designated for permanent floWrable 3) Without springs to sustain flow and timapervious
nature of the underlying bedrock, streams in this area can go dry during drought periods (Davis
and Schumacher 1992, Kiner et al. 199Mereare a total of 13 unnamed tributaries flowing
into the North Fork Spring Riverithin the study wateshed with Lamar Lake being located in
the largest tributary There are a total a0 reservoirs and small ponds withthe watershed
with Lamar Lake being the largest at just over 148 acres

Ground water is used for irrigation, business/industry, émdupplement the drinking water
reservoir when needed. Between 20Q616 an average @&?2.7 million gallons of ground water
per year were used for irrigating neaB90 acres (Tablé). Howeverground water was not
used for irrigation every year andrface water was also used to irrigate a little over 200 acres
when needed for an average of .X2nillion gallonger year. Business and industry also do not
pump ground water every year, but they averag®mut 3.0 million gallonper year. Finally, the
Lamar Water Treatment Planses an average of 4bmillion gallonger year of ground water

to supplement lake storage volume as needed

Land Useand Land Cover

The Lamar LakBorth Fork Spring River watershed is mostlyagricultural watershed, but has
significant amounts of mixed land usdsand use for the watershed was determined using the
20122016 National Agricultural Statistics Service (NASS) Crop Databageclasses were
combined to loolkat the general oveall picture of land use in the watershe@ver that five

year periodgrass and pasture landade up nearly 40%of the land use within thevatershed
(Table5, Figure 13 Developedand was the second highest category at 28.4f the
watershedarea while forest land cover 16.3% Croplandwhich includes row crops, double
crops, small grains, and fallow ground combined for about 13.9% of the area and alfalfa and



other hay crops about 6.8% of the watershed@he remainder of the watershedes is in
wetlands and open water.

Between 2012 and 2016 there has been an increase in row crops and deciduous forest within
the watershed, while at the same time having a decrease in double crop systems,
grass/pasture, and wetlands. From 26A@16 landfor corn production increased 57.6% and
soybeans increased 43.3% while double drop winter wisgfttheans decreased 27.1%able

6). Grass and pasture land, which makes up the majority of the land use in the watershed,
decreased 9.7% over that time. Evéough woody wetlands make up a relativeiyall

portion of the watershed, the amount decreased 72.9%. However, deciduous forest increased
over that time by 201%.

Previous Work andther AvailableData

TMDLs and Management Plans

A TMDL wasompleted on Lamar Lake in 2086d specifically addresses reduction in total
phosphorus coming from nonpoint agricultural sources and recommended a 65% reduction in
nutrients to meet targectoncentrationsof 0.040 mg/Lin the lake (MDNR 2006). Additiolyal

in 2006 a TMDL was developed for tHerth Fork Spring Rivénat addressed excess sediment
in the stream from agricultural nonpoint sources (USEPA 2086015, a comprehensive
watershed management plan for the larggpring Rivebasinwas comple¢d and is still in draft
form waiting USERapproval MDNR2015). In tis plan both the North Fork Spring River and
Lamar Lake are specifically targeted for BMPs to adadrasis TMDL. The plan uses a
combination of cropland, livestock, dmrban BMPs in North Fork Spring River and cropland
BMPs in Lamar Lake meet reduction goalsver a 20 year span

Surface and Ground Water Monitoriigiations

There are no United States Geological Su(GSjyagingstationswithin the Lamar Lake

North Fork Spring River watershed. The closet gaging station on the North Fork Spring River is
approximately 20 miles downstreaat the study watersheat Purcel] MissouriUSGS Gaging
Station #©7185910. To be able to predict ditiarge within the study watershed, 25 nearby
USGS gaging stations were used to complete drainage area based regression equations to be
able to estimate discharge from different size watersheds within the studg (Figurd4). A

list of the USGS gaging stations can be four&bipendixB. If resources became available to
install gaging stations within the watershed, two possible locations would be on the North Fork
Spring River at Intersta# (UTMZone 15N Northing: 4,143,12%.1 Easting: 385,024.517

and/or at the dam of Lamar LakgTM Zone 15N Northing: 4,148,725.297 Easting:

388,475.85%. Additionally, there is argund water monitoring station in LamasifeNumber:
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372958094161001that has been operating since 196B8ddata from this station showsot
only a steady decline in groundater levels in this arebut ground water levelfiave become
increasing more variable over tingEigurelb).

Water QualitySamplindata

There are a total of ninkistoricalwater quality monitoring sitewith data available for analysis

for this project with four being located on Lamar Lake and five on the North Fork Spring River
(Figurel6). All water quality data was downloaded frometfMDNR Water Quality Assessment
System websiteThe four Lamar Lake sites had the most complete set of data with >30

nutrients samples at all four sites and-88 TSS samples at two sites with sampleisg

collected from19892015(Table7). The North &rk Spring River sitdgad <10 samples at all
sitesover a sampling period betweet0032013 Also, there are several permitted point

sources located upstream of the North Fork Spring River sites including the Lamar Waste Water
Treatment Facility (WWTFE)able 8)

Biological Monitorindata

In 1991 and 1992 Missouri Department of ConservafiddBC)conducted a fish collection study
that included one site within the studyatershed Results of that study showed the total
number of fish collected irhe survey to be relatively low compared to the other sites in the
Spring Rivebasin(Kiner et al. 1997)In 2003 and 2004, MDNR conductebialogical
assessment of thepper and dwer North Fork Spring River that included the section of the
river locatal in the study watershed. The purpose of this study was to assess the
macroinvertebrate community and water quality of the river. Results of these studies were
that the macroinvertebrate community in the North Fork Spring River was impaired due to poor
water quality from point and nonpoint sources in the watershed and poor habitat caused by
fine sediment on the bed and poor riparian cover (MDNR 2004a, MDNR 2004dd)of e
recommendations from these studies was for the MDC Resource Assessment andrivignit
(RAM) program to conduct a studythe watershed. In 2006, RAM datas conducted in the
North ForkSpring River, but not within the study watershed.

mmary

The purpose of this report is to provide the information necessaetcribethe study
watershed (deliverable #1) for tHeaional Water Quality Initiativé NWQI)Pilot Watershed
Assessment fathe Lamar LakéNorth Fork Spring Riv&Vatershed (HUCL10702070206)

Both the North Fork Spring River and Lamar Lake are classifiegpased and previous studies
indicate agricultural nonpoint source pollution and poor riparian buffers near streams are
significant contributors to impairment. Ultimatelyhe purpose of thdull watershed
assessment is to provide NRCS field stéti the necessary informatioto identify locations
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within the watershed where soll, slope, and land use practices have the highest pollution
potential and todescribeconservation practicethat can be the most beneficial to improve

water quality Therefore this first phase of the project provides a general description of the
watershed and inventories the data that will be used in subsequent phases of the project.
Information collected for the initial phase of the project provides the geographical, physical,
hydrological, and water quality attributes of the watershed along with documentation of
available data sources (Table 10). All data except for the groundwater withdrawal and WWTF
data are available online. Data not available online was provided byotltévgest Regional

Office of the MDNR. The majority of these datenedrom within the watershed, dwever,
hydrological and geomorphic data was compiled from sites near the watershed.

RESOURCE ANALYSISHEVATERSHED

The resource analysis of teatershed portion of this project will focus on both the entire
HUGC12 watershed and theortion of thewatershed upstream of Lamar Lake. Analysis will
include evaluation of water quality data within the watershed, observed channel conditions
from both hetorical aerial photography and esite visual assessment, and water quality
modeling results and load reduction analydifitimately these results will help establish what
land uses are producing the most pollution and what practices would be the mefstl urs
reducing nutrient and sediment loads within the watershed.

Water QualityAnalysis

Lamar Lake

Summary statistics for all nutrient and sediment samples were used to evaluate Lamar Lake
water quality by looking at both the range of mean concentrations and variability among sites.
All water quality data was downloaded from the MDNR Water Qualitys&ssent System
website. Averagesite concentrationof TN from Lamar Lakeere betweenl.10-3.08 mg/L

with coefficient of variation percentage ranging between 3988%(Table 11) Coefficient of
variation percentage (cv%) is thatio betweenthe standad deviationand mean anddescribes

the relative variability of the sample result8lean site TPconcentrationsvere between0.063
0.099 mg/Lwith acv% ranging from 34-212.8% Average sediment concentration ranged

from 8.5-10.2 mg/Land had acv%between44.659.9% While these data suggests high site
variability in nutrients at some sites, not all samples were collected over the same time period
at each site.

Water quality data codicted fromselected longerm sites at_.amar Lakexhibit; (1) lower site
variability,(2) slight decrease in TP from the upstream site (Site 4) to the site near the dam site
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(Site 1) and(3) TP concentrationare about2-3x higher tharthe TMDL target When looking

at Sites 1 and Avhichhave data availaklover aonger period of time, @ncentrations of TRt
Site 4rangedfrom 0.011-0.223mg/Lwith an average concentration of 0.096 mayhich is

about 2.5xhigher than the TMDL target of 0.040 mgflable11) (MDNR 2006)Concentrations
of TP at Sitd were simér rangng from 0.084-0.208 mg/L with an average concentration of
0.082mg/Land is around £ higher than the TMDL target of 0.040 mg/Additionally, both site
have similar variability for TP as Site 1 has a cv% of 34.4% and Site 4 has a cv% of 35.1%.

Nutrient concentrations in Lamar Lake tend to be higher in the summer compared to the,spring
particularly for TNwhile seasonal sediment concentrations are more variable. Annual average
concentrations of TN, TP, and TSS in the spring and summer were compared at both Site 1 and
Site 4 from Lamar Lake from 20@815. Again, Site 1 is near the dam and Site 4 isegstin

the east arm of the lake. At Site 1 there were higher concentrations of nutrients in the summer
compared to the spring while TSS concentrations did not necessarily follow the same pattern.
Overall, TNvas29.3% higher in the summer compared to g@ingand increased out of 8

years at Site 1 Correspondingly, ThNas20.1%higher in the summeat Site 4and increased®

out of 8years (Figurel7 and 18. For TP, seasonal variabilggenerallyl3.8%higher in the
summer increasing outof 8 years at Site .1 In addition, TP wasnly 1.0%higher in the

summerat Site 4increasing only 4 out of 8 yearSediment had an overall decrease ia th
summer compared to the spring.

North Fork Spring River

North Fork Spring River samples appear to be influenced by the Lamar WWTF, but also have
relatively high concentrations of nutrients likely coming from agricultural nonpoint sources
upstream. Average Td@ncentrations at sites not directly below the ptaange in values from
0.1520.326 mg/L TP and 0.9583 mg/L TNKigure B andTablell). At the site near the

outfall of the WWTF, mean TP concentrations were 3.285 mg/L and 21.78 mg/L TN. Recent
data provided by the MDNR from samples collected atWA&TFplant outfall from 20152017
show mean TP concentrations are down to 1.66 mg/L and TN is considerably lower at 3.03 mg/L
(Table 9. Similarly TSS values collected below the plant averaged 21.8 mg/L fordtieam

sites compared to 7.9 mg/L at tMWWTF outfall recently reported to MDNR. These data
suggest the WWTIlkkelyhas reduced pollution to the North Fork Spring Rsiace 2013

Seasonal analysis of samples collected in the North Fork Spring Rivepassibledue to lack

of sampling.
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Channel Stability and Riparian Corridor Assessment

Aerial Photaviethods

Aerial photographs from 1953, 1966, 1997, 2008, and 2014 were obtained from the Missouri
State Map Library and USGS EarthExploherials from 1953 and 196@ere urrectified, while
aerials from 1997, 2008, and 2014 welewvnloadedpre-rectified. All aerial photographwere
imported into ArcGl®here the unrectified aerials were georeferenced to tipatally
referenced 2008 aerialA minimum of &round control points (GCPs) at &ions clearly visible
in both the unrectified and sgtially referenced aerial were used to rectify each aarshg a
secondorder polynomial transformatiofHughes et al. 2006 The error involved in the
transformation wasjuantified using oot-meansquare error(RMSE&ndpoint-to-point error.
RMSE errors ranged from 3409 ft for individual photos and mean poitd-point errors ranged
from 4.38.5 ft for photo yeargTable 12) After rectification, streams from each year were
digitized to identify andneasure changes over timé&ince these channels were small and
much of the channel bankagobstructed by vegetation, the channel centerline wagitized
whereit could clearlybe seen at a scale of 1:1,50@artin and Pavlowsk2011) Due to photo
guality and the time of year the photos were taken, it was determined the 1966 and 2008
photos were the best choice for further analysis.

Channel Classification

Tributary clannelsto the main stem of the North Fork Spring Riware further classified by
identifying historical channel changes and further interpretatiomefial phots between the
1966 and 2008 aerial photoLChannels were first characterized as modified or natural.
Modified channels were further classified @sannelized or impounded by dam construction.
Natural channels were further classified as eithabge or disturbed. Disturbed tiannek were
identified by assessing planforohanges since 1966 by overlay analysis of center lines using
2.15 ft error bufér which isbased off of the 4.3 ft mean poktb-point errorto account biases
attributed to rectification(Martin and Pavlowsky 2011Disturbed reaches were identified as
areas where the buffers betweatid not overlap for at least 100.fif the channel was
obstructed by vegetation, it was classified as undetermin&dlow chart was developetd
assist in channel classification during aerial photo interpretagiigure 20)

Channel clasfication results show the majority of thelttitary channels could not be
evaluated due to vegetation obstructioMoreover, mosthannels that could be evaluated
have mostly been modifiedy either channelization or pond constructiorOfthe 41.2 total
tributary stream miles within the watershe®0.9mi, or50.7%, were classified as
undetermined mainly due to vegetatiarbstruction(Table 13).In the Lamar Lake watershed
the total undeterminedchannelclassificatiorwaslower at 29.1%. In the HUEL2 watersied
18.9% of the visible streams wetkannelized, 11.4% impounded by a dam, 13.6% stable and
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only 5.4% disttbed. Results from the Lamar Lake watershed were similar with 21.5% of the
visible streams channelized, 13.2% impounded, 26.1% stable, and 10.1% distubizlthere

is less than 1 nof disturbed channel in the Lamar Lake watershed, much of it is concentrated
in the tributary entering the lake from theorth (Figure 22.

Evaluation of the visible stream channels suggests that streams in this area do not adjust to
watersheddisturbance though lateral migratiomrAssessment of channel planform changes
over time indicateselativelylow rates of lateral migration within the tributaries of the HUIZ
watershed accounting for less than 10% of the classified chan@al. observéons suggest

that channel incision and widening may be the dominate mechanism fosadent in these
streams and this effeatannot be determined through aerial photo analylsissuchsmall
streams(Simon and Rinaldi 2000, Harden et al. 200@)rthernore, the amount of human
modified streams within the area suggests landownaesy have beeiealing with channel
stability problems in the past. Studies have shown that channelized streams areraftdn
larger than the original channel and slope is ims®d due to straightening of the channel
causing incision in the channelized reach and sedimentation problems downstream (Simon and
Rinaldi 2000, Davis 2007)

Riparian Corridor Analysis

Channel condition can be strongly influencedchynges in vegetatioMcKenney et al. 1995,
Eaton and Giles 2@). Rparian corridor mapping can be used to identify stream chasnel
vulnerable to disturbanceimcluding vegetative buffer occurren§@osgen 1996ylontgomery

and MacDonald 2002)To evalate riparian corridor coverage a 50buffer around the

National Hgrography Dataset (NHDJas created in ArcGIS (USDA 20T4)ebuffer was

overlain atop 2016 aerial imagery and used to classify riparian coveRigarian coverage
consisted of threelasses: Good, Moderate, and Pd&igure 21) Goodrepresents a portion of
the stream in which there is an adequate coverage of riparian trees that extends at least 50 ft
on both sides of the streamTheModerateclass signifies portions of the stream evh one

side of the 50 ft buffer meets theandard but the other does not. Alternatively, moderate also
indicates a situationwhere there is coverage on both sides of the stream but tree coverage is
relativelysparse.Finally Poorclassifications represent portions of the stream where neither
side ofthe stream extends to the 50 Buffer.

The riparian corridor within the HUL2 watershed and the Lamar Lake waterskgederally
follow the channel classification results and perhapsuld serve as the initial indicator of
channel disturbance for this type of assessment. For the-HJ@Watershed, 50% of the
channel was classified as having a good riparian corridor that approximates the amount of
channel that could not be classifieldie to obstructions (Table 14). While this does not
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guarantee these areas are stable, riparian vegetation provides conditions for unstable
streambanks to recover by providing roughness during floods to lower velocities and roots can
help armor and hold tgether bank materials to reduce sediment losses via mass wasting
(Rosgen 199&Zaimes et al 200ARCS 214). Theamount of good riparian area in the Lamar
Lake watershed is also similar to the amount of channel obstructed by vegetation. While there
is goproximately 17.7 miles of channel with poor riparian corridor with the Hl@atershed,

it is a lower percentage (34%) of the total compared to the Lamar Lake watershed where 49%
of the channel was classified as poor. Again, the spatial distributithregdoor riparian

corridor in the Lamar Lake watershed is concentrated in the tributary flowing into the lake from
the north (Figure23).

VisualStreamSurvey Results

A modified rapid visual stream survey was conducted upstream and downstream of all public
road crossings with the watershed following NR@gocols (USDA 1998). Tpmotocol was
modified by only focusing on five physical stream channel and ripariardooxariables and

the presence of manure indicating livestock access to the sti@gpendixC). Basedon the
assessment each site receives an overall score between 1 and 10, with <6.0 considered poor,
6.1-7.4 fair, 7.58.9 good, and greater than 9.0 eXeat. A total of 36 crossings were visited for
a total of 72 possible evaluations. However, due to pond construction, road embankment, or
other visual impairments a total &3 sites were ultimately completedOf these 63 sites, 68.3%
were rated as pon 22.2% as fair, 6.3% as good, and 3.2%xasllent (Figur@4). Mostof the

poor ratings were due to channelization, poor riparian conditi@ms] presence of livestock
within the stream.

Streams in cropland areas generally appear to be stable, while streams in pasture areas are
typically more unstableWhile the visual survey captured information from the entire
watershed including the urban aag streams within the agricultural area atfee focus of this
study. The majority of the streams in areas of crops are typically channelized into grass
waterways with over widened bottoms that are startingagocumulate sediment and form

small rills but do not appear to bactivelyincisingat the sitesobserved(AppendixD). The

range of channel conditions within the pastured areas generally follow the quality of the
riparian corridor along the stream. Riparian conditions in areas where livestock have access to
the stream varied from no treesnd eroding banks to a thin line of mature trees where channel
conditions were not as unstabléverall, streams within the cropland areas do not score well
in the Visual Survey because of ecological quality, but do not appear to be proewceggive
sedment through erosiorat this time Conversely, streams in pastures show more signs of
instability and maye a targetfor conservation practices to decrease nonpoint sources of
nutrients and sediment in the watershed.
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RainfalkRunoffRelationship

Annud and monthly runoffatesfor the HUG12 watershed and the Lamar Lake watershed
were estimated using equations developed from USGS gaging stations in the relgiotinly
runoff rates are important for understaimag the seasonal variability and how rainfalhoff
relationshipscorrespond to land management andraual runoff rates will beised to help
validate the STEPL modsidrologyresults. A list of the equabns used for this analysis of
monthly mean dischege values can be fourid AppendixE. Meanannual discharge for the
HUG12 watershed i21.9ft%/s and5.3ft%/s for the Lamar Lakeatershed(Figure25). Total
runoff volume for the HUQ2 watershed was 15,778 dicand 3,884 adt for the Lamar Lake
watershed For both watersheds, average discharge peaks in the month May and is the lowest
in August.Average runoff as a percentage of rainfall for the Hi2Gvatershed was 30.1% and
32.4% for Lamar Lakdhe remainder of the rainfall is either lostéwapotranspiration or
moves through the soil intgroundwaterstoragethrough infiltration (USDA 2009 hese
estimatescompare well withthe literature where evapotranspiration rates for Missouri range
from 60-70%and infiltration rates average around8% of rainfall totals in the arg&€zarnecki
et al. 2009 Sanford and Selnick 2013Ylonthly mean runoff as a percentage of rainfisll
highest in thdate winter and earl\springand lowest in the late summer and early fall ranging
from less than 10% in August &©-60% in March.

Water Quality Modeling

STEPL Model

Existing water quality loada the watershedand the influence obest management practices
(BMPs) oroad reductions wsestimated fom a predictive model (STEPIhe $readsheet

Tool for Estimating Pollutant Load (STEPL) uses simple algorithms to calculate nutrient and
sediment loads from different land uses and load reductions from implementation of BMPs
(Tetra Tech, Inc 2017)Annual nutrient loading ascalculated lased on theannualrunoff

volume and pollutant concentrations. The annual sediment load from sheet and rill enoa®n
calculated based on the Universal Soil Loss Equation (USLE) and the sediment delivery ratio.
Loading reductions resulting fromeahmplementation of BMPs wasomputed from known

BMP efficiencies. Accuracy is primarily limited by the wide variability in event mean
concentrations (EMCs) across watersheds since EMCs are used to calculate annual pollutant
loadings.

For this studyboth the entire HUG12 and Lamar Lake watershed were each modelitd

inputs following methods outlined in theSTEPHza S N2 A MogalzipRtSinclude drainage

area, soil hydrologic group, land use, animal numbers, and estimates on septic systems within
the watershed. Land use was derived from the 2QSDAOop database Animal numbers

were calculated per acre of pasture within the watershmsihg data within the STEPL online
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databases which have total animal number ratio of one animal per 6.2 acres of glasiir

with 95% being beef cattle and 38ing horsegUSDA 2012)Duringthe visual stream
assessment no dairy cattle, sheep, hogs were observed within the water3iednumber of
septic systems within each watershed was based oatio of one septisystem for every 1.3
acres of low intensity developed land use accogdio the STEPL online databag&etails

about the inputs for each watershed can be foundAppendix- Additionally, lateral stream
bank erosion was accounted for by calculating atnechannel length and migration rates from
historical aerial photo analysis and bank heights from LIiDAR datasets at disturbed stream
reaches identified earlier in this reporf’here was a total of 33 eroding stream reaches within
the watershed with an avage length of 352 ft, average height of 1.8 ft, and average annual
migration rate was 0.53 ft/yr (Append@).

Model results show the Lamar Lake watersipedduces slightly higher nutrient and sediment
yields than the entirdeHUG12 watershed while havinglightlylower runoff rates. Average

yields for Lamar Lake wefd .2lb/ac/yr for nitrogen,1.65Ib/ac/yr phosphorus, and 82

T/aclyr of sediment (Tabl&5). Average yields for the entiltUC12 were 107 Ib/ac/yr for
nitrogen, 1.821b/ac/yr phosphorus, and 02BT/ac/yr sediment.Nutrient yields reported in this
study are5-86%higherthan reported yields from USGS modeling in 2002 for the Spring River
Basn (Preston et al. 2011)Runoffrates for Lamar Lake were slightly lovegrl.01lacft/ac/yr
compared to 1.1 acft/aclyr for the entire HUG12 watershed Runoff results from the model
are fairly close to the estimates from the nearby gageélese rates do not include the @Q&cre
lake, so when that volume is added the % rainfall as runoff for Lamar L2Bd% and 29.1%

for the HUC12 watershed These are very close to the estimated % of rainfall as runoff from
the USGS gaging stations, which was 32.4% for Lamar Laké.afa f8r theHUG12. The
agreement of these two methods (within 10%) increases the confidence in the STEPL modelled
runoff results.

When assessing model results by sources for bottHb€12 and Lamar Lake watersheds, the
majority of the nonint source pollution is originating from cropland with pasture land the
second highest contributor. For th#UCG12 watershed, model results show agricultural
nonpoint sources account for ovée% of the nutrientand sedimentoad (Table B). Gopland
acounts for 36.455.1% of the loacand pasturelan®2.843% of the load The remaining is
mostly from urban sources in and around the City of Lamaricultural nonpoint sources
make upgreater than 8%of the nutrient and sedimentoad of the Lamar Lake watershed.
Here, nutrients and sediment derived from cropland account for simpgacentages of the

total load aghe HUG12 watershedat 25.3-44. 6. However, pastureland is producing
comparatively more of the total load, accounting #1.564.2% of nutrients and sediment and
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urban has a much smaller contribution as well. Additionally, streambank erosion is accounting
for less than 10% of the sediment load in both watersheds.

Load Reduction Analysis
Load reduction for both th&lUG12 watershed and the Lamar Lake watershed were modeled
STEPL using established BMP efficiencies. The efficiehc@sbired BMPs were calculated

gAOGK {¢9t[ Qa . at [/ I dropldetiBMP Bchidarios and tiirg@astlirdland2 ¥ 4 S @S

BMPsscenariogvere ultimately modeled. A description of each combined BddEnario with
calculated efficienciesan befound in Appendi. Load reductionsf nitrogen, phosphorus,
andsediment for both theHUG12 watershed and the Lamar Lake watershed were modeled
based on the percentage of cropland and pastureland within the watertiegtdvere treated.
The result is a load reduction matrix for both watersheds shgwtie load reductiotfor the
different percentige ofcropland and pasturelangteated in 10% increments.

Cropland scenarios start with the use of cover crops as the first level of BMP and from there
terraces,grass waterways, reduced till, no till and nutrient management are added or
combined. Lad retirement was also used as a scenario to show what would happen if the land
was taken out of production. For pastureland, the first level BMP was livestock exclusion and
alternative water sources. From there, prescribed grazing and forest buffersaddesl and
combined. Since the pastureland and cropland were modsdgaratelywithin each
watershed the combinel load reductions can be added together for each waterstoech

combined effect

Load reductioranalysigndicate substanal nutrient and sediment reduction can be achieved in
the HUG12 watershed throuly implementation of cropland conservation practicesd
augmented by pastureland conservation practicd=or instance, the most intensely managed
scenario is one that comtes cover crops, no till, and nutrient management. If thagnario

was applied to 50%f the 2071 acres ofcropland(1,036acres)within the HUC12 watershed,
load reduction would be @4%for nitrogen, B.7% for phosphorus, anti7.6% for sediment
(Tables 17, 19, and 21)n contrast, applying the most intensely managed scenario to 50% of
the 5,833acres of pastureland, which is livestock exclusion, alternative water, prescribed
grazing, and forest buffer, the reduction would b&.8% for nitrogen8.6% for phosphorus, and
11.3% for sediment.Additionally; if all the cropland within the watershed was taken out of
production, the resulting load reduction would B2.9% for nitrogen45.76 phosphorus, and
42.1% sediment.

Results of théoad reduction scenarios from the Lamar Lake watershed show that with a
combination ofintensely managedonservation practiceon both cropland and pastureland, it
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is possible to meet the 65% phosphorus reduction go#the watershed Model results show
that by applying the most intensely managemp BMPscenarioto 100% of the cropland within
the watershed would yield approximately38% reduction in phosphorudable 20)
Alternatively, by taking 3000% of the cropland out of production, a similéogphorus load
reduction can be achievedCombining that with implementing the most intensely managed
pasture BMP to 9000% of the pastureland would achieve an additid@2&B2% reduction in
phosphorughat would be close to the 65% godlhere would bean additional benefit by
reducing nitrogen and sediment by more than 50Pables 18 and 22)lotal cropland within
the Lamar Lake watershed345acresand1,946acres for pastureland, gargeting resources
on the agriculture land uses within this srhealfootprint is realistic.

mmary

The purpose of thisection of the eport is toprovide results of the resource analysis of the
watershed Deliverable #2) for the Naional Water Quality Initiativé NWQI)Pilot Watershed
Assessment fathe Lamar LakéNorth Fork Spring Riv&vatershed (HUCL10702070206) The
resource analysis of the watershed portion of this pabjfocusesn both the entire HUQ?2
watershed and the watershed upstream of Lamar Lake. Analysis ekisting water qubty

data available from Lamar Lake shthe average phosphoruncentration athe dam is twe

times higher than the recommended target concentration from the TMDL. Nutrient
concentrations in the North Fork Spring River were heavily influenced by the Gt¥ [ I Y I NI a
WWTP, but recent samples from the outfall show a reduction of nutrients since the time the
original stream samples were collected. Nevertheless, agricultural nonpoint source sediment is
still considered the main pollution problem within theoith Fork Spring River.

Both historical aerial photos and a visual stream assessment were used to evaltexiggo
contributions of streambank erosido water qualityproblems within the watershed.

Historical aerial photo analygmsovidedmixed results. Due to the small size of the streams
within the watershed, overhead vegetation, and photo qudiityitations, a complete
classification oéllthe streams was not possible. However, areas with poor riparian corridor
were classified andessults indicate many streams halveen modified either by channelization

or by pond construction. Of the nemodified reaches, only a small portion showed evidence of
significant lateral migration suggesting perhaps stream in the area may adjust to heders
disturbance by incision and widening that is difficult to assess on aerials. A riparian corridor
assessment was probably the most effectmethod tohighlight areas of disturbance. The
visual stream survey helped confitimee channel instability witin areas of poor riparian
corridorandthe extent of channelization within the watershed.
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Water quality modeling results shoaropland and pastureland overwhelmingly produce the
majority of the nonpoint source pollution within the watershed and otheuixes such as

urban and streambank erosion are negligiblelodel results show that agricultural land

produces over 75% of the nutrients and sediment within the H@@atershed and over 87%

of the nutrients and sediment in the Lamar Lake watershed.efdburces, such as streambank
erosion, produce less than 10% of the total sediment load for both watersheds. However, load
reduction analysis suggests that the TP reduction goal within the Lamar Lake watershed is
attainable using combinations of high @amse management BMPs on the majority of crop and
pastureland within the watershed.

IDENTIFICATION OFNESENRATION NEEDS

ResourcePriorities

Lamar Lake Watershed

The top resource priority identified in thisugty is Lamar Lak#ue to the importance of the
publicdrinking water supply Lamar Lakesiconsidered impaired for not meeting Misso

water quality standardglue toexcess nutrients. AMDL analysislentified excess phosphorus
from nonpoint sourceagricultureas the nmain sourceof pollution within thewatershedand that
concentrationscoming to the lakenust be reduced by 65% to meet water quality go&3EPL
modelng estimatesphosphoruss coming from crop&5%)and pasture land (4&)in relatively
equal proportions.This suggests implementation of conservation practices on both cropland
and pasturas necessary to meet the 65% reduction goals. However, thexppsoximately
1,946acres of pastureland in the Lamar Lake watershedpamed tojust 315acres of

cropland. Thereforeaddressing cropland first may be easier and more effective in the short
term while implementing pastureland conservation practices will likely take longer and have
less of an effect on load reduction perras of land treated.

HUG12 Watershed

For theHUC12 watershedsediment has been identified as the top resource condeom
agriculture nonpoint source pollutionTMDL analysish®wsnonpoint source agriculture the
North Fork Spring Rives the mainpollution sourceand that sedimenmust be reduced by 20
90% to meet water quality goatkepending on flow STEPL mod#lig results indicatehe
majority of sediment is coming from croplar{d4%)and the second highest source is
pastureland(25%) Other significant sources sedimentwithin the HUG12 watershed include
urbanland use(16%) and streambank erosion (8.3%here is nearly three times more
pastureland(5,833 acresin the watershed than croplan(,071 acres)but load reduction

21



analysis suggests implementing conservation practices on cropland would be more effective in
terms of load reduction per acraf land treated. However, the main focus of conservation

efforts in the watershed should be directed to the Lamar Lake watershatl possibledue to

the significance of the drinking water reservoiAdditionally,implantation of conservation
practices in the Lamar Lake watershed aimed at reducing phosphorus loads will also reduce
sediment transport ito the larger HU€L2 watkershed.

Conservation Planning

One of the main goals of this project is to use this assessment to help guide where conservation
practices would be the most beneficial to meet water quality godlsis will be accomplished

by using a managemennit ranking, a priority acres classification, and a conservation practice
rating system.

Management Units

To better plan for locations to implement conservation practices,HhH#:12 watershed was

split into 16 smaller watersheds, or managemantts (MU (Figure 26) MUs willallow field

staff to evaluate potential projects based on a system that would rank geographic aréas wit

the watershed STEPWas used to estimate phosphorus and sediment yigd®ach

management unit with drainage @as ranging from 56@,000acres(Table 23) However, MU

1 represents the valley bottoms and internally drained areas of the main stem of the North Fork
Spring River thais mostly forested andrerydifferent compared to the upland watersheds. So

not induding MU1, drainage areas of the other MUWanges from 50Q,000 acres.

Since thd_.amar Lake watersheaslas identified as the top resource concern, the three
management units that represent the drainage area were designated as Zame the
remaining 13 MUs are within Zone 2 (Figure. Z6hereforeMU-10, MU11, and MU12will be
the top three management units in the ranking (Table. 23hce phosphorus was identified as
the top pollution concern in the Lamar Lake watershed, MUsl10and 12 were then classified
by phosphorus yielfrom high to low. MU12 was ranked #1 with ayeld of 2.03 Ib/afyr, #2

is MU10 at 1.89 Ib/afyr, and finally MUL1 is #3 at 1.40 |b/agr.

The HUG12 watershedwas identified as the secondarys@urce concern within the study area,
therefore thel3 MUsoutside of the Lamar Lake watershed were designatedae 2. Within

the North Fork Spring River, sediment was identified as the major pollutant and the annual
sediment yield was used to rank the 13 MUsvithin the HUG12 watershed Sdiment yields
ranged from 1.12 T/ac/yr for M8 to 0.21 T/ac/yr in MtL6. Additionally, MtL3 was placed

on the bottom of the list since it is mostly urban with very little agricultural land use with in the
MU.
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Priority AcresClassification

To identify areas with the most pollution potential within a proposed project, a priority acres
ranking system was developed to help field staff isolate problem areas and prioritize projects
within the same MU.Fourriskclassesvere usedo rank the agricultural land within the
watershedbased orthe resources analysis of the watershed, STEPL modeling, and the VSA
Highest Riskland representshe most critical areafor pollution potential from the landscape
and should be prioritized for planninddigh Rislare areas that have significant risk as a
pollution souce, but not as high as thdighest Risk categoryTheModerate Rislcategory

could see potential gains from conservation practices, but are a lovienty. Low Riskands
have adequate tratment of the landscapeRemaining areas of urban land use avater were
classified & & 2 @ HeSaNjition of ach class type is described below and summarized
Table25.

HighestPriority - Thereare three situations that will classify the land for the highest priority for
conservation planning. First, cropland that is also on highly erodible soils. Erodible soils were
identified using a #actor >0.35 which would be consida&t moderatelyhigh. Second, cropland
that was adjacent to poor riparian buffer identified in the aerial photo analysis portion of this
project. The final situation that would cause the land to be in the highest priority acres would
be pastureland adjacent to poor ripariandffer. In the entire HU€12 watershed, 1,281 acres

are classified in # highest priority category ant5 acres within the Lamar Lake watershed.

High Priority- Again, there are three situations that will classify the land for the high priority for
conservation planning. First, all other cropland that was not in the highest priority category is
in the high priority category. The second condition would be pastureland on highly erodible
soils with a Kactor >0.35. Finally, pasture land adjacentrtoderate riparian buffer from the
aerial photo analysis would also be in the high priority classification. There is a total of 2,381
acres of high priority acres in the H1€ watershed, with 515 acres within the Lamar Lake
watershed.

ModeratePriority- Land within the moderate priority category would be pasture land that is
not in the highest or high priority classification. The Hi2Qvatershed has 4,242 acres of
moderate priority acres with 1,581 acres in the Lamar Lake watershed.

LowPriority- Low priority acres would beefined as all of the forested areas within the

watershedor land adjacent to a stream with good riparian corridaWithin the HU€12
watershed there are 2,364 low priority acres with 363 acres in the Lamar Lakestvade
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Conservation Practice Ranking

The final part of the conservation planning portion of this project is to identify the conservation
practices that are best suited to help the Lamar Lake and-HU@atershedattain water

guality goals.For ths, each conservation practicer combination of conservation practices

was ranked based on the highest benefit per acre treated for each waterdRadking for the
HUGC12 watershed was based on sediment reduction andrtrking for theLamar Lake
watershed wadased on phosphorus reduction. Cropland practices make up theigby

rankings for both watersheds (Table 25). This is a result of cropland haalagieelyhigher

load per acreandcropland conservation practices havirgdativelyhigh efficiency ratings
Pastureland conservation practices rank in the bottom four of the 12 practices identified in this
project becaus@asturdand has a relatively lower loaahd lower efficiencieghan cropland.
Overall there is a lot more pastuesld to treat versus cropland in both watershed&/hile this
analysis suggests treating cropland would ultimately be more efficient in reducing pollution in
both watershed per treated acrethis analysis does not include economic or social aspects that
may prohibitor encourage certain practices over others.

CONCLUSIONS

The purpose of this report is to @vide the Missouri State office of the NRiGSthe National

Water Quality Initiative (NWQI) Pilot Watershed Assessment for the LbakaNorth Fork

Spring Rier Watershed Both the North Fork Spring River and Lamar Lake are classified as
impaired and previous studies indicate agricultural nonpoint source pollution and poor riparian
buffers near streams are significant contributorsngpairment. Ultimately, the purpose of the

full watershed assessment is to provide NRCS field staff with the necessary information to
identify locations within the watershed where soll, slope, and land use practices have the
highest pollution potential ad to describe conservation practices that can be the most
beneficial to improve water qualityThe assessment included three phases, 1) resource
inventory, 2) resource analysis, and 3) identification of resource needs. There are seven main
conclusionsdr this assessment:

1) Existing TMDLSs developed for both Lamar Lake and North Fork of the Spring River suggest
nutrient and sediment load reductions from nonpoint agriculture is necessary to meet
water quality goals. The phosphorus reduction goal in kdrake iset at65% to meet
target water qudity concentrations Lamar Lake is the primary drinking wasepply for
the City of Lamasoreducing nutrient contributions from lands drainitgthe lake are
necessary toneettargetconcentrations
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2)

3)

4)

5)

6)

Recen water quality data from Lamar Lake shows phosphorus levels have not changed
much in the last decade and rem&f8 times higher thanthe TMDL target concentration.
There are relatively few war quality samples fronthe North Fork Spring River and they
were collected during low flow conditions. There are no other water quality samples
available \ithin the study watershed;

Both historical aerial photos and a visual streassessment were used tdentify potential
contributions of streambank erosion to water quality problems within the watersiedi
evaluateriparian corridor vegetation Due to the small size of the streams within the
watershed, overhead vegetation, and photo quality limitations, a completesitlaation of

all the streams was not possible. However, areas with poor riparian corridor were classified
and results indicate many streams have been modified either by channelization or by pond
construction. Of the nomnodified reaches, only a smalbgion showed evidence of

significant lateral migration suggesting perhaps stream in the area may adjust to watershed
disturbance by incision and widening that is difficult to assess on aerials. A riparian
corridor assessment was probably the most effeeimethod to highlight areas of

disturbance. The visual stream survey helped confirm the channel instability within areas of
poor riparian corridor and the extent of chaelization within the watershed;

Water quality modeling results show cropland grastureland overwhelmingly produce the
majority of the nonpoint source pollution within the watershed and other sources such as
urban and seambank erosion are less importanResults show that agricultural land

produces oveB0% of the nutrients and skment within the HU€L2 and Lamar Lake

watershed. Other sources, such as streambank erosion, produce less than 10% of the total
sedment load for both watersheds;

Load reducton analysis suggests that the phosphoreduction goal within the Lamar Lake
watershed is attainable usingp to fourcombinationsof conservation practicesn the
majority of crop and pastureland within the watershelllodel results show that by

applying the most intensely managed cropnsenation practicescenario to 100% of the
cropland within the watershed would yield approximately a 38% reduction in phosphorus
Combining that with implementing the most intensely managed pasture BMP-1®0% of
the pastureland would achieve an additiorz&®32% reduction in phosphorus that would be
close to the 65%eductiongoalfor phosphorus

Reduction of sediment in the HUI2 watershed from conservation practices implemented
on crop and pasture land can also yield significant benefits to thihNrmrk Spring River
watershed. Model results show that by applying the most intensely managed crop
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7)

conservation practicescenario to 100% of the cropland within the watershed would yield
approximately 85% reduction in sedimenCombining that with iplementing the mat
intensely managed pasture conservation practicd®% of the pastureland would achieve
an additional22% reduction in sediment; and

Management units, priority acres, and conservation practice rankings were all created to
help field staff prioritize areas and evaluate potential projed#anagement units direct
conservation practices to specific areas of the watershed. Priority actieis

management units can be used to evaluate projects within management units. Finally,
conservation practices are ranked in order of effectiveness for cropland and pasture land.
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TABLES

Tablel. Annual rainfall and average annual temperature for LamBtissouri(1987-2016).

Year _Total _ Average
Rainfall (in) Temperature (°F)
1987 53.5 55.8
1988 45.7 53.9
1989 39.4 53.5
1990 59.4 57.8
1991 29.4 58.2
1992 71.0 56.0
1993 56.3 54.3
1994 59.0 56.1
1995 51.6 55.7
1996 43.0 54.7
1997 46.2 54.9
1998 52.8 58.2
1999 52.0 57.7
2000 39.6 56.8
2001 50.9 57.5
2002 39.2 56.4
2003 46.4 56.0
2004 56.4 56.3
2005 38.2 57.5
2006 384 58.7
2007 63.2 57.7
2008 67.7 55.5
2009 55.6 55.5
2010 43.8 57.1
2011 27.6 57.6
2012 25.6 60.3
2013 46.5 55.4
2014 26.9 55.2
2015 54.1 57.2
2016 41.6 58.5
n 30 30
Min 25.6 53.5
Mean 47.4 56.5
Max 71.0 60.3

data source: http://mrcc.isws.illinois.edu/CLIMATE/)
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Table2. Watershed soil characteristics summary

Table4. Major water users within the watershed.

Average
Tvpe Annual Usage
yp 20062016
(Gallons)
Irrigation
Well (498 acres) 52,748,273
Surface Wate(207 Acres) 12,717,000
Business/Industry
Well 2,997,931
Lamar WTP
Well 46,911,597
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Land
Soil Hydrologic Soil Erosion -
Order % SoilGroup K-Factor Capta.b |I|ty %
Classification
Alfisol 52.1 B 4.6 <0.2 31.9 2e 25.3
Inceptisol 4.5 C 46.3 0.2-0.3 11.7 2s 12.2
Mollisol 10.4 C/D 2.8 0.304 150 2w 175
Ultisol 30.1 D 43.5 >0.4 38.5 3e 6.3
Other 2.9 Other 2.9 other 2.9 3s 6.3
3w 16.3
4de 2.5
6s 7.7
7s 3.1
Other 2.9
Table3. Drainage network summary
Water Feature Length/Area
Streams 52.2 miles
Permanent Flow 10.8miles
Intermittent Flow 414 miles
Waterbodies 246.7 acres
Lamar Lake 148.5 acres
Other Ponds/Lakes 98.2 acres




Table5. Generalized croplata classification from 2012016

Year 20122016
General Land Use/Land Cover| 2012 2013 2014 2015 2016 Average
Row Crops 8.0 7.8 9.6 7.9 11.8 9.0
Dbl Crop 5.2 4.4 3.7 2.7 3.8 4.0
Small Grains 0.0 0.2 0.0 24 0.1 0.6
Alfalfa and other Hay 6.5 7.3 7.0 6.7 6.5 6.8
Fallow/Idle Cropland and Barren 0.0 0.1 0.0 1.6 0.1 0.4
Developed Land 19.3 19.3 19.6 19.6 19.5 19.4
Forest 14.5 15.3 15.8 18.3 17.7 16.3
Grass/Pasture 41.4 41.2 40.3 37.9 37.4 39.7
Wetlands 2.8 2.1 1.6 0.5 0.8 1.6
Open Water 2.2 2.3 2.3 2.3 2.4 2.3
Table6. Specific crop daterom 20122016 with percent change.
Year % Change
Class Name 2012 2013 2014 2015 2016 | 20122016
Corn 3.1 2.6 4.3 4.2 4.8 57.6
Soybeans 4.8 5.2 51 3.7 6.9 43.3
Dbl Crop WinWht/Soybeans 5.2 4.4 3.7 2.7 3.8 -27.1
Developed/Med Intensity 1.9 1.9 2.2 2.1 2.0 8.8
Developed/High Intensity 1.2 1.2 1.3 14 1.3 12.2
Deciduous Forest 145 15.3 15.8 18.2 175 20.4
Grass/Pasture 41.4 41.2 40.3 37.9 37.4 -9.7
Woody Wetlands 2.8 2.1 1.6 0.5 0.8 -72.9
Open Water 2.2 2.3 2.3 2.3 2.4 8.4
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Table7. Water quality monitoring sitesvith nutrient and sedimentdata summary;,

Site TP TP TP TN TN TN TSS TSS TSS
ID (n) start end (n) start end (n) start end
LL 1 183 6/13/1989  9/17/2015 | 183 6/13/1989  9/17/2015 86 5/19/2003  9/17/2015
LL 2 51 2/1/1992  12/29/1992 | 47 2/1/1992  12/29/1992 0 NA NA
LL_ 3 35 5/15/1992 12/29/1992 | 30  5/15/1992  12/29/1992 0 NA NA
LL 4 110 5/19/2003  9/17/2015 | 110 5/19/2003  9/17/2015 94 5/19/2003  9/17/2015
NFSR_16.8 3 9/27/2006  9/27/2012 3 9/27/2006  9/27/2012 1 9/27/2012  9/27/2012
NFSR_20.5 9 8/30/2004  5/2/2013 5 8/30/2004 5/2/2013 2 9/27/2012 5/2/2013
NFSR 24.6 6 7/27/2005  7/21/2010 4 7/27/2005 9/1/2005 5 7/27/2005  9/15/2010
NFSR 249 6 8/30/2004  7/21/2010 1 8/30/2004  8/30/2004 0 NA NA
NFSR_26.5 6 9/23/2003  4/16/2013 6 9/23/2003  4/16/2013 2 10/10/2012  4/16/2013

n = sample number

TP = total phosphorus

TN = total nitrogen

TSS = total suspended sediment
NA= not available
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Table8. Permitted point sources within the watershed

Site .

Number Facility Name Type Stream Waste Status
1 Blue Top Motel and Cafe Outfall TRIB N FK SPRING F Domestic (Sanitary) Wastewate Expired
2 Super 8 Motel Outfall TRIB N FK SPRING F Domestic (Sanitary) Wastewate Expired

Feltenberger Enterprises . . . .
d P Ouitfall N. Fk. Spring R. Domestic (Sanitary) Wastewate Effective
Courtesy Court
Tributary to North Fork . . .
4 Lamar WWTF Outfall y- . DomestiqSanitary) Wastewater Effective
Spring River
5 Lamar Municipal WTP Ouitfall TRIB N FORK SPRINC  NonDomestic Process Water Effective
6 Lamar Municipal WTP Ouitfall TRIB N FORK SPRINC  NonDomestic Process Water Effective
. o . UnnamedTributary to . : .
7 Jerry Marti Land Application Site . . Domestic (Sanitary) Wastewate Effective
y PP North Fork Spring Rivel ( Y)

Table9. Lamar WWTF Datg?0152017)

Concentration
Parameter n
(mg/L)
TP 6 1.66
TN 6 3.03
TSS 27 7.94

Data source: Missouri Department of NatuRésources
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Tablel10. Data and source summary with web site address

Within Nearb .
Data Needed Source Agency Watershed Watershye d Website
HUC 8Natershed National Hydrography Dataset USGS X https://nhd.usgs.gov
HUC 10Vatershed National Hydrography Dataset USGS X https://nhd.usgs.gov
HUC 12Vatershed National Hydrography Dataset USGS X https://nhd.usgs.gov
StreamNetwork National Hydrography Dataset USGS X https://nhd.usgs.gov
Soils(polygons) NRCS Geospatial Data Gateway USDA X https://datagateway.nrcs.usda.gov
Soils (attributes) NRCSVeb Soil urvey USDA X https://websoilsurvey.sc.eqov.usda.gq
[App/HomePage.tm
Precipitation Climate MRCC X http://mrcc.isws.illinois.edu/CLIMATE
Temperature Climate MRCC X http://mrcc.isws.illinois.edu/CLIMATE
SolarRadiation Missouri Climate Center umMC X www.climate.missouri.edu
Evapotranspiration Missouri Climate Center UuMC X www.climate.missouri.edu
Elevation(LiDAR) MSDIS UuMC X http://msdis.missouri.edu/
Geology MSDIS umMC X http://msdis.missouri.edu/
Stream . wwyv.nr(?s.usda.qov/wps/portal/nrcs/d
Geomorphology NRCS\ational Water Management Cente] USDA X etalllnatlongllwater/manaqe/hvdroloq
y/?cid=nrcs143 015052
LandUse/LandCover National Agricultural Statiies Service USDA X www.nass.usda.gov
Hydrology National Water Information System USGS X https://waterdata.usgs.gov/nwis/rt
Groundvater Levels Groundwater Watch MDNR X https://groundwaterwatch.usgs.gov
GroundwaterWithdrawal Southwest Regional Office MDNR X https://dnr.mo.gov/
. . http://www.dnr.mo.gov/mocwis_publi
Water Quality MDNR Water Quality Assessmestem MDNR X clwga/waterbodySearch.do
WWTF Water Quality Southwest Regional Office MDNR X https://dnr.mo.gov/
. . . http://www.dnr.mo.gov/mocwis_publi
BiologicaData MDNR Water Quality Assessment Syste] MDNR X c/wga/waterbodySearch.do
HUC =HydrologicUnit Code MRCC Midwest Regional Climate Center
WWTF = Waste Water Treatment Facility UMC = University of Missot@olumbia

NRCS = National Resource Conservation Service MDNR = Missouri Department of Natural Resources
MSDIS = Missouri Spatial Data Information Service

USGS = United States Geological Survey

USDA Hnited States Department of Agriculture
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Tablell. Summary statistics for Lamar Lakad North Fork Spring River samples.

Site TN (mg/L TP (mg/L) TSS (mg/L)

ID min mean  max stdv cv% min mean  max stdv ov% min mean  max stdv ov%
LL_1 0.40 1.10 2.65 0.37 333 0.034 0.082 0.208 0.028 344 3.3 85 29.7 3.8 44.6
LL 2 0.90 2.31 5.00 1.12 48.3 0.010 0.063 0.230 0.051 80.8 NA NA NA NA NA
LL_3 0.80 3.08 15.70 3.04 98.8 0.020 0.099 0.450 0.111 11238 NA NA NA NA NA
LL 4 0.46 1.24 2.11 0.37 30.2 0.011 0.096 0.223 0.034 35.1 2.9 10.2 51.9 6.1 59.9

NFSR_16.8 1.28 1.73 218 045 260 | 0.140 0.157 0.190 0.029 18.4 NA 8.0 NA NA NA
NFSR_20.5 1.64 2.83 6.00 2.12 1.64 0.130 0.326 0.880 0.219 67.3 13.0 15.0 17.0 2.8 18.9
NFSR_24.6 15.80 21.78 28.50 6.82 31.3 2520 3.285 4710 0.948 28.9 5.0 8.4 18.0 55 65.0
NFSR_24.9 NA 0.95 NA NA NA 0.130 0.168 0.200 0.031 18.5 NA NA NA NA NA
NFSR_26.59 0.60 1.65 2.92 0.94 57.0 0.040 0.152 0.290 0.099 65.3 5.0 255 46.0 29.0 113.7
Tablel2. List of Aerial Photographs used in stream channel change analysis
Photo Number of Resolution RMSE Max P2P Mean P2P
Source Type

Year/Date Photos (ft) Range ft) Error {t) Error {t)
Sept. 1953 7 MSU Library Black and White 3.0 1.04.9 8.2 4.6

Sept. 1966 7 MSU Library Black and White 3.0 2.34.9 6.6 4.3
March 1997 23 USGS Black and White DOQ Geotiff 3.3 Prerectified 13.4 8.5

. Color High Resolution o
April 2008 23 USGS OrthoimagenGeotiff 2.0 Prerectified n/a n/a
July 2014 23 USGS Color NAIP Geotiff 3.3 Prerectified 8.2 5.2
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Tablel3. Tributary dannel classification results from historical aerial photo analysis

Watershed Tota(llnitsngth Channelized Impoundment Stable Disturbed Undetermined
7.8 4.7 5.6 2.2 20.9
HUG12 41.2 (18.9%) (11.2%) (13.6%) (5.4%) (50.70)
1.6 1.0 1.9 0.7 2.2
LamarLake 7.4 (21.5%) (13.29%) (26.1%)  (10.1%) (29.1%)

Tablel4. Summaryof riparian corridor analysis resultsf tributary streams

Watershed Total . Good Moderate Poor
length (i)
HUGL2 412 20.6 6.6 14.0

(50%  (16%  (34%

2.2 1.6 3.6

Lamar Lake 7.4 (30% 21% (49%
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Table1l5. STEPModel Results

Total Runoff Rgnoff % Annual Load Annual Yield Mean Concentration
Yield Rainfall
Watershed ID |4 oy @@ @ | NP sed| N P Sed | N P Sed
(ac) fttac)  Runoff | Ib/yr Ib/yr t/lyr | Ib/aclyr Ib/acl/yr tlaclyr | mg/L mg/L  mg/L
HUG12 13,278 14,704 111  29.1 | 142561 24,115 3,616| 10.7 1.82 0.27 | 3.57 0.603 180.9
Lamar Lake | 2,901* 2,918 1.01 29.2 32,449 4,787 934 11.2 1.65 0.32 | 4.09 0.603 2354
* onlyincludesland draining to the lake
Tablel6. STEPL results breakdown by sources.
HUG12 Lamar Lake
N Load P Load Sediment N Load P Load Sediment
sourees | oy | by % Load % | gy | oy | Load %
(tlyr) (thyr)
Urban 24,930 175 3,854 16.0 572 15.8 2,432 7.5 376 7.9 56 6.0
Cropland 51,934 36.4 13,289 55.1 1,603 44.3 8,201 25.3 2,141 447 345 36.9
Pastureland | 61,248 43.0 5,492 22.8 906 25.1 20,830 64.2 1,988 41.5 429 45.9
Forest 1,007 0.7 493 2.0 28 0.8 161 0.5 78 1.6 6 0.6
Feedlots 1,851 1.3 370 1.5 0 0.0 617 1.9 123 2.6 0 0.0
User Defined| 660 0.5 254 11 206 5.7 55 0.2 21 0.4 17 1.8
Septic 448 0.3 175 0.7 0 0.0 24 0.1 9 0.2 0 0.0
Streambank 482 0.3 186 0.8 302 8.3 129 0.4 50 1.0 81 8.6
Total 142,560 100 24,115 100 3,616 100 32,449 100 4,787 100 934 100
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Tablel7. Nitrogen load reductiorresults for the HU€12 watershed.

List of Practices Nitrogen load reduction by % of land treated
Cropland 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%
Cover Crop 0.7 14 2.0 2.7 3.4 4.1 4.8 5.4 6.1 6.8
Terrace 1.0 1.9 2.9 3.9 4.9 5.8 6.8 7.8 8.8 9.7
CoverCrop and Grass Waterways 1.2 2.3 3.5 4.6 5.8 6.9 8.1 9.2 | 109 | 115
Cover Crop and Reduced Till 1.2 2.4 3.6 4.8 6.0 7.2 8.5 9.7 | 109 | 121
Terrace and Grass Waterways 14 2.7 4.1 54 6.8 8.2 9.5 109 | 12.2 | 13.6
Cover Crop and No Till 1.6 3.2 4.8 6.4 7.9 95 | 11.1 | 12.7 | 143 | 15.9
Cover Crop, Reduced Till, Nutrient Management 1.8 3.5 5.3 7.0 88 | 106 | 123 | 14.1 | 158 | 17.6
Cover Crop, No Till, Nutrient Management 2.1 4.2 6.2 8.3 104 | 125 | 145 | 16.6 | 18.7 20.8
Land Retirement 3.3 6.6 99 | 132 | 165 | 19.7 | 23.0 | 26.3 | 29.6 | 32.9
Pasture Land 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%
Livestock Exclusion and Alternative Water 1.4 2.8 4.2 5.6 7.0 8.4 98 | 11.2 | 126 | 141
Livestock Exclusion, Alternative Water, Prescribed Grazing 2.6 5.2 7.7 10.3 | 129 | 155 | 18.1 | 20.6 | 23.2 | 25.8
Livestock Exclusion, Alternative Water, Prescribed Grazing, Forest B| 3.4 6.7 10.1 | 134 | 168 | 20.2 | 235 | 269 | 30.2 | 33.6

40



Tablel8. Nitrogen load reduction results for the Lamar Lake watershed.

Listof Practices Nitrogen load reduction by % of land treated
Cropland 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%
Cover Crop 0.5 0.9 14 | 19 2.3 2.8 3.2 3.7 4.2 4.6
Terrace 0.7 14 20 | 27 | 34 4.1 4.8 55 | 6.1 6.8
Cover Crop and Grass Waterways 0.8 1.7 25 | 33 4.2 5.0 59 6.7 7.5 8.5
Cover Crop and Reduced Till 0.9 1.7 26 | 34 | 43 51 6.0 6.8 7.7 8.5
Terrace and Grass Waterways 1.0 1.9 29 | 39 | 49 5.8 6.8 78 | 88 9.7
Cover Crop and No Till 11 23 34 | 46 | 57 6.8 8.0 9.1 | 102 | 114
Cover Crop, Reducddll, Nutrient Management 1.2 2.4 37 | 49| 6.1 7.3 8.5 9.7 | 11.0| 122
Cover Crop, No Till, Nutrient Management 15 29 44 | 5.9 7.4 8.8 10.2 | 11.7 | 13.2 | 146
Land Retirement 2.3 4.6 6.9 | 91 | 114 | 13.8 | 16.0 | 183 | 20.6 | 22.9
Pasture Land 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%
Livestock Exclusion and Alternative Water 21 4.3 64 | 86 | 10.7 | 129 | 150 | 17.2| 193 | 215
Livestock Exclusion, Alternative Water, Prescribed Grazing 3.9 78 | 116 | 155 | 194 | 233 | 27.2 | 31.0| 349 | 388
Livestock ExclusioAlternative Water, Prescribed Grazing, Forest Buff 5.0 10.1 | 151 | 20.1| 25.2 | 30.2 | 352 | 403 | 453 | 504
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Tablel19. Phosphorus load reduction results for the HU@ watershed.

List of Practices

Phosphorus load reduction by %f land treated

Cropland 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%
Cover Crop 0.4 0.8 1.2 1.6 21 2.5 2.9 3.3 3.7 4.1
Terrace 1.8 3.5 53 7.1 8.9 106 | 124 | 142 | 16.0 | 17.7
Cover Crop and Grass Waterways 2.0 4.0 5.9 7.9 99 | 119 | 139 | 159 | 178 | 19.8
Cover Crop and Reduced Till 2.3 4.5 6.8 9.0 11.3 | 136 | 158 | 181 | 203 | 22.6
Terrace and Grass Waterways 2.9 5.8 87 | 116 | 145 | 174 | 205 | 232 | 26.1 | 29.0
Cover Crop and No Till 4.0 8.0 119 | 159 | 199 | 239 | 278 | 31.8 | 358 | 39.8
Cover Crop, Reduced TNiutrient Management 3.8 7.7 | 115 | 153 | 19.1 | 23.0 | 26.8 | 30.7 | 345 | 383
Cover Crop, No Till, Nutrient Management 4.7 95 | 142 | 19.0 | 23.7 | 284 | 33.2 | 379 | 427 | 474
Land Retirement 4.6 9.1 13.7 | 183 | 228 | 274 | 320 | 36.6 | 41.1 | 457
Pasture Land 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%
Livestock Exclusion and Alternative Water 1.0 2.0 3.1 4.1 5.1 6.1 7.1 8.1 9.2 10.2
Livestock Exclusion, Alternative Water, Prescribed Grazing 1.3 2.6 4.0 53 6.6 7.9 9.2 | 115 119 | 13.2
Livestock Exclusion, AlternatiVater, Prescribed Grazing, Forest Buff¢ 1.7 3.4 5.1 6.9 86 | 10.3 | 12.0 | 13.7 | 154 | 17.1
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Table20. Phosphorus load reduction results for the Lamar Lake watershed.

List of Practices

Phosphorus load reduction by % of laticeated

Cropland 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%
Cover Crop 0.3 0.7 1.0 1.4 1.7 20| 24 | 27 31 3.4
Terrace 1.4 2.8 4.3 5.7 7.1 85| 99| 114)| 128 14.2
Cover Crop and Grass Waterways 1.7 3.4 5.1 6.8 85 [10.2|119]| 136 | 153 | 16.9
Cover Crop an&educed Till 18 3.7 5.5 7.4 9.2 | 111]129| 148| 16.6 | 18.5
Terrace and Grass Waterways 2.4 4.7 7.1 94 | 118 | 14.2|16.5| 189 | 21.2 | 23.6
Cover Crop and No Till 3.2 6.5 9.7 13.0 | 16.2 | 19.5| 22.7| 26.0| 29.2 | 325
Cover Crop, Reduced Till, Nutrient Management 3.0 6.1 9.1 | 122 | 152 | 183|21.3| 244 | 274 | 30.5
Cover Crop, No Till, Nutrient Management 3.8 77 | 115 | 153 | 19.1 | 23.0| 26.8| 306 | 345 | 383
Land Retirement 3.7 7.5 11.2 | 15.0 | 18.7 | 225|26.2| 299 | 33.7 | 374
Pasture Land 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%
Livestock Exclusion and Alternative Water 1.9 3.9 5.8 7.7 9.7 |116|135| 155| 174 | 193
Livestock Exclusion, Alternative Water, Prescribed Grazing 25 4.9 7.4 99 | 124 |148|17.3| 198 | 223 | 247
Livestock Exclusion, Alternative Water, PrescriGedzing, Forest Buffer| 3.2 6.4 95 | 12.7 | 159 | 19.1|22.2| 254 | 28.6 | 31.8
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Table21. Sediment load reduction results for the HLU2 watershed.

List of Practices Sediment load reduction by % of land treated
Cropland 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%
Cover Crop 0.4 0.8 13 1.8 2.2 2.7 3.1 3.5 4.0 4.4
Terrace 1.8 3.5 5.3 7.1 89 | 106 | 124 | 142 | 16.0 | 17.7
Cover Crop and Grass Waterways 3.0 6.1 91 | 121 | 152 | 182 | 21.2 | 243 | 27.3 | 304
Cover Crop and Reduced Till 21 4.1 6.2 8.2 103 | 12.3 | 144 | 164 | 185 | 20.5
Terrace and Grass Waterways 3.5 70 | 105 | 140 | 175 | 21.0 | 245 | 280 | 315 | 35.0
Cover Crop and No Till 3.5 70 | 105 | 141 | 176 | 21.1 | 246 | 281 | 316 | 351
Cover Crop, Reduced Till, Nutrient Management 2.1 4.1 6.2 82 | 103 | 123 | 144 | 164 | 185 | 20.5
Cover Crop, No Till, Nutrient Management 3.5 70 | 105 | 141 | 176 | 21.1 | 246 | 281 | 316 | 351
Land Retirement 4.2 85 | 126 | 16.8 | 21.1 | 253 | 295 | 33.7 | 379 | 421
Pasture Land 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%
Livestock Exclusion and Alternative Water 1.7 3.5 5.2 6.9 87 | 104 | 121 | 139 | 156 | 17.3
Livestock Exclusion, Alternative Water, Prescribed Grazing 2.0 4.0 6.0 8.0 99 | 119 | 139 | 159 | 179 | 199
Livestock Exclusion, Alternative Water, Prescribed GraZorgst Buffer | 2.3 4.5 6.8 9.1 11.3 | 136 | 159 | 181 | 204 | 226
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Table22. Sediment load reduction results for the Lamar Lake watershed.

List of Practices Sediment load reduction by % of land treated
Cropland 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%
Cover Crop 0.4 0.7 11 15 1.9 2.2 2.6 3.0 3.3 3.7
Terrace 1.3 2.7 4.0 5.3 6.6 8.0 9.3 | 106 | 119 | 133
Cover Crop and Grass Waterways 2.5 5.1 76 | 101 | 12.7 | 152 | 17.7 | 20.2 | 228 | 25.3
Cover Crop and Reduced Till 1.7 34 5.1 6.8 8.6 | 10.3 | 12.0 | 137 | 154 | 171
Terrace and Grass Waterways 2.6 5.2 79 | 105 | 131 | 157 | 183 | 21.0 | 236 | 26.2
Cover Crop and No Till 2.9 5.9 88 | 11.7 | 147 | 176 | 205 | 234 | 264 | 29.3
Cover Crop, Reduced Till, Nutrient Management 1.7 3.4 5.1 6.8 86 | 103 | 12.0 | 13.7 | 154 | 17.1
Cover Crop, No Till, Nutrient Management 2.9 5.9 88 | 11.7 | 147 | 176 | 205 | 234 | 264 | 29.3
Land Retirement 35 70 | 105 | 140 | 176 | 211 | 246 | 28.1 | 316 | 35.1
Pasture Land 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%
Livestock Exclusion amdternative Water 3.2 6.3 95 | 127 | 159 | 19.0 | 22.2 | 254 | 28.6 | 31.7
Livestock Exclusion, Alternative Water, Prescribed Grazing 3.6 73 | 109 | 146 | 182 | 219 | 255 | 29.2 | 32.8 | 36.5
Livestock Exclusion, Alternative Water, Prescribed Grazing, Forest B| 4.2 83 | 125 | 16.6 | 208 | 249 | 29.1 | 33.2 | 374 | 415
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Table23. Managementunit priority ranking

Zone Watershed  Total Crop Pasture | Annual Yield Annual Yield| Priority
ID ID Ad (ac) | acres  acres P-lb/aclyr Sed t/aclyr Rank
1 12 741 96 533 2.03 0.48 1
1 10 928 125 432 1.89 0.49 2
1 11 1,382 93 980 1.40 0.33 3
2 6 568 371 129 5.17 1.12 4
2 3 583 186 115 3.23 0.71 5
2 7 1,089 356 555 3.03 0.61 6
2 8 972 169 717 2.25 0.59 7
2 14 717 147 118 3.10 0.54 8
2 4 846 182 448 2.37 0.49 9
2 2 517 77 166 2.18 0.44 10
2 9 472 12 344 1.45 0.32 11
2 15 727 0 197 1.50 0.26 12
2 5 581 20 294 1.24 0.25 13
2 1 2,136 171 606 1.15 0.22 14
2 16 581 2 261 1.03 0.21 15
2 13 439 0 17 1.60 0.30 16
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Table24. Summary opriority acres bywatershed

HUG12 Lamar Lake
Priority Rank Land Use and Conditions Acres Acres
(%) (%)
_ Cropland and Jfac_tor ?0.35 1,281 165
Highest Cropland and poor riparian buffer
L (9.7%) (5.4%)
Pasture and poor riparian buffer
Cropland and #actor <0.35
High Pasture andi-factor >0.35 (5’733;) (156195%
Pasture and moderate riparian buffer 70 70
4,242 1,581
Moderate All other pasture (32.0%) (51.8%)
2,364 363
Low Forest and scrubland (17.8%) (11.9%)
2,593 253
Urban Urban and barren (19.5%) (8.3%)
417 174
Water Water and wetlands (3.1%) (5.7%)
Total 13,278 3,051
(100%) (100%)
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Table25. Rankedconservationpractices bymost benefit per acres treated.

BMPs in theHUCG12 watershed BMPs in theLamar Lakevatershed
Rank . : )
for sediment reduction for phosphorusreduction
1 CROPLANELand Retirement CROPLANDCoverCrop, No Till, Nutrient
Management
5 CROPLANDBCover Crop, No Till, Nutrient CROPLANDL.and Retirement
Management
3 CROPLANDBCover Crop and No Till CROPLANDBCover Crop and No Till
4 CROPLANDTerraces and Grass Waterways CROPLANBCover Crop, €®luced Till, Nutrient
Management
5 CROPLANDCover Crop and Grass Waterway CROPLANHTerraces and Grass Waterways
6 CROPLANDCover Crop, Reduced Till, Nutrie CROPLANDCover Crop and Reduced Til
Management
7 CROPLANDCover Crop and Reducadl CROPLANDCover Crop and Grass Waterway,
8 CROPLANDT erraces CROPLANDT erraces
9 PASTURELANDivestock Exclusion, Alternativy PASTURELANDivestock Exclusion, Alternativ|
Water, Prescribed Grazing, Forest Buffer Water, Prescribed Grazingyfest Buffer
10 PASTURELANDivestock Exclusion, Alternativy PASTURELANDvestock Exclusion, Alternativ
Water, Prescribed Grazing Water, Prescribed Grazing
11 PASTURELAND|yestock Exclusion and CROPLANover Crop
Alternative Water
12 CROPLAN{Zover Crop PASTURELANDvgstock Exclusion and
Alternative Water
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Figure25. Mean monthly discharge and runoff percentage for the A), B) HL2Gvatershed and the C), D) Lamar Lake watershed.
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Figure26. Management unitzones.
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Figure27. Priority acres within the watershed.

74



APPENDICES

AppendixA. Sol series data and information for within the watershed.

% - Hydrologic Soil Lanq_
MU# Acres Area Description Soil Group Landform K-Factor Order Cap_a_blllt_y
Classification
40008 | 2,172 | 16.3 | Parsons silt loam, O to 1 percent slopes D Uplands 0.43 Alfisol 3w
40031 406 3.1 Barco fine sandy loam, 2 to 5 percent slopes C Uplands 0.17 Ultisol 2e
40032 66 0.5 Barco fine sandy loam, 2 to 5 percent sloprsded C Uplands 0.20 Ultisol 3e
40034 | 2,843 | 21.4 | Barcoloam, 2 to 5 percent slopes C Uplands 0.17 Ultisol 2e
40035 689 5.2 Barco loam, 2 to 5 percent slopes, eroded C Uplands 0.17 Ultisol 3e
40038 | 1,252 9.4 Barden silt loam, 1 to 5 percent slopes D Uplands 0.32 Alfisol 2s
40039 167 1.3 Barden silt loam, 1 to 5 percent slopes, eroded D Uplands 0.32 Alfisol 3s
40046 580 4.4 Collinsville fine sandy loam, 2 to 5 percent slopes D Uplands 0.24 Mollisol 6s
40047 64 0.5 Collinsville fine sandy loam, 5 14 percent slopes D Uplands 0.24 Mollisol 6s
40048 191 1.4 Collinsville fine sandy loam, 2 to 14 percent slopes, stony D Uplands 0.24 Mollisol 7s
40074 8.8 0.1 Liberal silty clay loam, 3 to 8 percent slopes, eroded D Uplands 0.28 Alfisol 4e
40075 23 0.2 LiberatCowetaBarco complex, 2 to 14 percent slopes D Uplands 0.37 Alfisol 4e
40085 668 5.0 Parsons silt loam, 1 to 3 percent slopes D Uplands 0.49 Alfisol 3s
40086 64 0.5 Parsons silt loam, 1 to 3 percent slopes, eroded D Uplands 0.49 Alfisol 3e
40099 264 2.0 Hector fine sandy loam, 2 to 5 percent slopes D Uplands 0.24 Inceptisol 6s
40100 113 0.8 Hector fine sandy loam, 5 to 14 percent slopes D Uplands 0.20 Inceptisol 6s
40102 216 1.6 Hector fine sandy loam, 5 to 14 percent slopes, stony D Uplands 0.28 Inceptisol 7s
44000 368 2.8 Cherokee silt loam, 0 to 1 percent slopes C/D Terrace 0.49 Alfisol 2s
46002 | 1,160 8.7 Hepler silt loam, 0 to 1 percent slopes, occasionally flooded C Floodplains 0.43 Alfisol 2w
46010 257 1.9 Hepler silt loampverwash, 0 to 1 percent slopes, occasionally floodg C Floodplains 0.43 Alfisol 2w
46012 364 2.7 HeplerRadley complex, 0 to 1 percent slopes, occasionally flooded C Floodplains 0.43 Alfisol 2w
46020 549 4.1 RadleyVerdigris complex, 0 to 2 percesibpes, occasionally flooded B Floodplains 0.37 Mollisol 2w
70052 53 0.4 | Arnicaloam, 2 to 5 percent slopes C Uplands 0.28 Alfisol 2e
70099 296 2.2 Bolivar fine sandy loam, 2 to 5 percent slopes, eroded C Uplands 0.17 Alfisol 4e
71260 56 0.4 | Arnica silioam, 2 to 5 percent slopes B Terrace 0.43 Alfisol 2e
71261 12 0.1 | Arnica silt loam, 2 to 5 percent slopes, eroded C Terrace 0.43 Alfisol 3e
99000 46 0.3 Pits, quarry NA NA NA NA NA
99001 145 1.1 Water NA NA NA NA NA
99003 a7 0.4 Miscellaneous water NA NA NA NA NA
99010 144 1.1 PitsDumps complex NA NA NA NA NA
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AppendixB. USGS gaging stations near the watershed.

USGS Gage Station Name Stream Start Yi?rs Ad Elevation | g59, 50% 10% Max Mean
ID Year Record (mi2) (ft)

6917630 East Drywood Creek at Prarie State Park East Drywood Creek 2001 15 3.4 890.0 0.00 0.24 3.90 376.00 3.55
7185095 Tar Creek at 22nd Street Bridge at Miami, O| Tar Creek 2004 12 44.7 762.2 1.42 7.09 79.55 3,630.00 49.47
6917240 Marmaton R ntJniontown, KS Marmaton River 2001 15 84.0 858.9 0.00 11.00 123.20 8,710.00 68.75
6918740 Little Sac River near Morrisville, MO Little Sac River 1985 31 237.0 880.3 14.00 79.00 483.10 20,900.00 230.00
6918460 Turnback Creek above Greenfield, MO TurnbackCreek 1965 51 252.0 870.5 29.00 122.00 560.00 23,700.00 258.55
6918440 Sac River near Dadeville, MO Sac River 1966 50 257.0 869.8 23.00 109.00 524.90 23,300.00 | 241.67
6921070 Pomme de Terre River near Polk, MO Pomme de Terre River; 1968 48 276.0 872.6 10.00 81.00 554.00 28,900.00 275.34
7185700 Spring River at La Russel, MO Spring River 2007 9 306.0 1,014.6 55.00 159.00 655.80 19,900.00 | 326.42
6917000 L Osage R at Fulton, KS L Osage River 1948 68 314.0 772.0 0.20 32.00 400.00 51,800.00 | 238.37
6917500 Marmaton R nr Fort Scott, KS Marmaton River 2008 8 388.0 750.5 2.50 51.00 670.80 14,100.00 322.20
6919500 Cedar Creek near Pleasant View, MO Cedar Creek 1948 68 420.0 739.5 0.92 62.00 662.00 28,300.00 | 329.12
7185765 Spring River at Carthage, MO SpringRiver 2001 15 425.0 923.7 50.00 190.00 845.00 28,700.00 | 419.34
7187000 Shoal Creek above Joplin, MO Shoal Creek 1941 75 427.0 884.3 88.00 241.00 865.00 36,700.00 | 428.48
6917560 Marmaton River near Richards, MO Marmaton River 2005 13 455.0 745.0 3.00 43.00 1,016.00 35,300.00 454.29
6917060 Little Osage River at Horton, MO Little Osage River 2000 16 498.0 700.0 0.88 55.00 880.20 43,700.00 | 369.66
7185910 North Fork Spring River near Purcell, MO Spring River 2007 10 515.0 850.0 7.12 69.60 1,200.00 | 35,000.00 558.86
6918060 Marmaton River near Nevada, MO Marmaton River 2003 13 1,074.0 729.2 11.00 142.00 3,250.00 33,800.00 972.58
6919000 Sac River near Stockton, MO Sac River 1921 68 1,160.0 758.1 50.00 356.00 2,570.00 | 79,800.00 | 991.86
7186000 SpringRiver near Waco, MO Spring River 1924 92 1,164.0 833.6 65.00 303.00 1,860.00 | 108,000.00| 961.39
6919020 Sac River at Hwy J below Stockton, MO Sac River 1973 43 1,292.0 750.2 66.00 515.50 3,200.00 | 12,800.00 | 1,162.22
6919900 Sac River near Caplinger MiN&O Sac River 1974 42 1,810.0 721.1 85.00 860.00 4,350.00 51,200.00 | 1,650.40
7188000 Spring River near Quapaw, OK Spring River 1939 77 2,516.0 746.3 214.00 845.00 4,460.00 | 210,000.00| 2,220.18
6918070 Osage River above Schell City, MO Osage River 2001 10 5,410.0 700.0 126.00 1,050.00 | 11,600.00 | 153,000.00| 4,156.42
7185000 Neosho River near Commerce, OK Neosho River 1939 77 5,926.0 749.0 59.56 934.00 11,100.00 | 251,000.00| 3,800.96
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AppendixC. Score sheet fovisual stream survey

Channel Condition:

Natural; no structures,
dikes. No evidence of
down-cutting or
excessive lateral cutting

Evidence of past channel alteration, but
with significant recovery of channel and
banks. Any dikes or levies are set back to
provide access to an adequate flood plain

Altered channel; <50% of the reach witl
riprap and/or channelization. Excess
aggradation; braided channel. Dikes or

levees restrict flood plain width.

Channel is actively downcutting or
widening. >50% of the reachith riprap
or channelization. Dikes or levees preve
access to the flood plain.

10

7

3

1

Hydrologic Alteration:

Flooding occurs only once

Flooding occurs only once

No flooding; channel deeply incised or structure

Flooding every 1.5 to 2 years. No
Dams, No dikes or other structures
limiting streams access to the flood
plain. Channel is not incised.

every 3 to 5 years; limited
channel incision.

every 6 to 10 years: channel
deeply incised.

prevent access to flood plain or dam operations
prevent floodflows.
Flooding occurs on aYear rain event or less.

10

1

Riparian Zone:

elevation of flood plain); 33% or more
of eroding surface area of banks in
outside bends igrotected by roots that
extend to the basfiow elevation.

stable; banks
are low, less
than 33% of
eroding surface

Natural Vegetation Natural vegetation Natural vegetation Natural vegetation extends a thirf Natural Vegetation less than 1/3 of active
extends at least two | extends one active width| extends half of the of the active channel width on channel width on each side.
active channel widthy both sides. active channel width on| each side.
on each side. each side. OR, filtering function moderately| OR, Lack of regeneration
Or If less than one width compromised.
covers entirdlood plain. OR, Filtering severely function
compromised.
10 8 5 3 1
Bank Stability:
Banks are stable; banks are low (at | Moderately Moderately unstable; banks may be low b| Unstable; banks may be low, but typically are high

typically high; outside bends are actively
eroding (overhanging vegetation at top of
bark, some mature trees falling into strear|
annually, some slope failures apparent.

some straight reaches and inside edges of bends &
actively eroding as well as outside bends
(overhanging vegetation aig of bare bank,
numerous mature trees falling into stream annually
numerous slope failures apparent).

10

1

Canopy Cover:

> 75% of water surface shaded | >50% shaded in reach 20 to 50% < 20% of water surface in reach shade
and upstream 2 to 3 miles Or shaded.
generally well shaded. >75% in reach, but upstream 2 to 3 miles poorly shaded.

10 7 3 1

Manure Presence:

riparian zone

Evidence of livestock access to

Occasional manure in stream or waste storage struct|
located orthe flood plain

Extensive amount of manure on banks or in strea|
or Untreated human waste discharge pipes prese
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AppendixD. Score sheets and photos of selected visual stream assessment sites.

Site # 6 Downstream

Riparian zone IZ.
Bank stability Overall
Canopy cover Score

6.5

Manure presence 4

Site # 12: Uptream

Channel condition
Hydrologicalteration
Riparian zone
Bankstabilty [ 4 | [ overal

Canopy cover D Score
2.0

Manure presence 1

Site # 12 Downstream

Channel condition

Hydrologic alteratio
Riparian zone
Bank stability Overall

Canopy cover D S<1:07re

Manure presence 1

78



Site # 14 Downstream

Channel condition El

Hydrologic aIteratiorE’
Riparianzone El

Bank stability | [ o
Canopy cover El Stl:oore
Manure presence ;' .

Site # 22 Downstream

Channel condition El

Hydrologic aIteratiorE’

Riparian zone El

Bank stability | [ o

Canopy cover El Score
4.7

Manure presence El

Site # 24 Downstream

Channel condition El

Hydrologic alteratiorE’

Riparian zone El

Bank stability El Overall

Canopy cover El Score
5.2

Manure presence E'
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