mplementation Plafor the
Red BueCatalpa CreeWatershed
Phase 1

1 FORWARD

On SeptembeR4, 2015, Mississippi State University (MSU) submitte@/éiser Resources
Management Plan for thRed BueCatalpa Creek Watershé@/RMPY}o the Mississippi

Department of Environmental Quality (MDEQ) for review and consideration of potential 319

Nonpoint Source Pollution Prevention Progré@iPSfunding supportAfter a review of the

plan by MDEQ and the U.S. Environmental Protection Agency (EPA), the plan was not initially

funded; however, guidance was provided to MiBladdress specific elements of the plan in

order to meet MDEQ/EPA requiremenEollowing are BPQa 02 YYSy G a | 6 2 dzi

1. The Watershed Plan does not meet th&é&y elements.

a. Proposed Management Measures (Element 3). The Watershed plan has not

0 K &

prioritized the most critical areas that need to be addressed. Are all the critical

areas in the waterskd that contribute towards WQ degradation indicated? For

example, several agricultural areas were noted downstream in the watershed

(see Watershed Plan, Page 45, Land Use map). A comparative analysis is needed
6¢CASNEBR MI HI 9 o dNIRBVN O Watdrshed2y T 4SS a4/
al ylI3sSYySyid tflyasé LINEGA2dzat e LINRPOARSRU
. (Element 3). It is unclear what specific tasks and deliverables will the requested
$200,000 be used to fund for FY 18 the $200,000 going towards to highest

priority critical needs inhe watershed (Tier 1, see Commdna above)

Implementation Schedule (Element 6) and Measureable Milestones and Project
Outcomes (Element 7). The proposed watershed plan does not provide a

scheduled order of implementation and milestonggh anticipated completion

dates.

Thisimplementation Plan for the Red B@atalpa Creek Watershé&hase was developed to
address theseomments(and elements) anénsure thatthe Information and Education
component (Element 5) and the Monitorimgmponent(Element 9) are addressed to the

satisfaction of both MDEQ ari€PAIt is hoped that the submission of this plan to MDEQ and
EPA will result in the awarding 819 NPS funding suppdft2 NJ a { | Q-@atalp&Qeek dzR

Watershed Restoration and Protectionofgct and Watershed DREAMS (Demonstration,
Research, Education, Application, Management and Sustainability) Center.
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2 PROCES®OLLOWED

The process followed during development of the WRMP anditifidementation Plaifior the

Red BueCatalpa Creek Waterstié’hase was based upon guidance fraaPA) Handbook for
Developing Watershed Plans to Restore and Protect Our Watasséstep processs
identified in Table 2.1 with theupporting activities andthe locations where the narratives
the WRMP and tis plancan be foundin the Reference column)

Table 2.1
9t ! Q& ¢ {GSLA G2 9FFSOGAODS 21 4
Step Supporting Activities Reference
1 | Build partnerships a. ldentify key stakeholders WRMP, Chapters 7 and §

component*

WIP-1, Chaptet6

b. Identify issues of concern WRMP Chapter 10
WIP-1, AppendixC
c. Set preliminary goals WRMP, Chapter 10
WIP-1, AppendixC
d. Develop indicators WRMP, Chapter 10
e. Conduct public outreach WRMP, Chapter 8
WIP-1, AppendixC
2 | Characterize the a. Gather existing data WRMP, Chapter 9
watershed b. Create a watershed inventory WRMP, Chapter 9
c. Identify data gaps
c. Collect additional data if needed
d. Analyze data WRMP, Chapter 10
f.  ldentify causes and sources of WRMP, Chapter 10
impairment*
g. Estimate pollutant loads WRMP, Chapter 10
3 | Set goals and identify a. Set overall goals and management WRMP, Chapter 10
solutions objectives
b. Develop indicators/targets WRMP, Chapter 10
c. Determine load reductions needed* WRMP, Chapter 10
d. Identify critical areas WIP-1, Chapteib
e. Developmanagement measures to WRMP, Chapter 11
achieve goals* WIP-1, Chapters
4 | Design implementation a. Develop an implementation schedule* WIP-1, Chapter7
program
b. Develop interim milestones to track WIP-1, Chapter3
implementation of management
measures*
c. Develop criteria to measure progress WRMP, Chapter 10
toward meeting watershed goals*
d. Develop monitoring component* WRMP, Chapter 12
WIP-1, Chapte9
e. Develop information/education WRMP, Chapters 13, 15
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f. Developevaluation process f.  WRMP, Chapter 10

g. ldentify technical and financial g. WRMP, Chapter 11
assistance needed to implement plan* WIP-1, Appendix B

h. Assign responsibility for reviewing and| h. WRMP, Chapter 17
revising the plan

5 | Implement watershed plan a. Prepare work plans
b. Implement management strategies
b. Conduct monitoring
¢. Conduct information/education

activities

d. Share results

6 | Measure progress and a. Track progress

make adjustments b. Make adjustments

Key: * EPA Key Element ofvdlatershed Plan
WRMP¢ Water Resources Management Plan for the Red-Bathlpa Creek Watershed
WIP-1 ¢ Implementation Plan for the Red Bightalpa Creek Watershéthase 1

3 PHASEIMPLEMENTATIGNPPROACH

A phased implementation approach is planned for hatatad water quality restoration and
protection activities in the Red Bt@atalpa Creek Watershed.

Phase 1 Headwaters; South Farm
1. Solicitresources andmplementPhase 1 agricultural BMPs
2. Upgrade nonstructural management practicegere neededto improve
water quality and ecosystem healjth
3. Conduct lydrologic analysis (field measurements, modelinigunding
available;
4. Conduct nonitoring (pre- and postimplementation) and
5. Implement alucation and outreach
Headwaters; Urban Areas
1. Engage anddvancewhere possiblecollaborativeMasterPlanning
activities and Catalpa Creek restoration and protection actiwtidis
MSU and the City of Starkville; and
2. Engage the City of Starkville and Oktibbeha County to addtess
water issues
Broad Wagrshed HUG#031601040601
1. Solicit resources anfihalizeimplementation planand
2. Assimilate and integrate multlisciplinary data sets

Phase 2 Headwaters: South Farm
1. ImplementPhase 2 agricultural BMPs
2. Upgrade nonstructural management practicedere neededto improve
water quality and ecosystem health (cont.)
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3. Facilitate panning for stream restoration (structure/function)
a. Concept developmerdnd feasibility review
b. PotentialDemonstration Site #& Bridge at South Farm & East
Line Roadsand
c. PotentialDemonstration Site #2 Large sediment detention basin
6abw/ { 6FGSNAEKSR f1F1S¢0
4. Conduct nonitoring (pre- and postimplementation) and
5. Implement @lucation and outreach
Headwaters; Urban Areas
1. Engage and advance, where possibtdlaborative Master Planning
activities and Catalpa Creek restoration and protection activities with
MSU and the City of Starkvilleont.) and
2. Engage City of Starkville and Oktibbeha County to address stater
issues (cont.)
Broad Watershed{UG#031601040601
1. Solicitation of resources and implementationRbfase 2 agricultural BMPs

Concurrent Watershed DREAMS Centésioning, fanning,leveraging, €sourcegeneration

Future Conceptualize futurelpasesof project using théVater Resourcelslanagement
Plan for the Re8ud-Catalpa Creek Watershed reference.

Thislmplementation Ran for the Red Bu@atalpa Creek Watershéthase Tocuses on the
implementation of Rase 1 activities. A subsequent plan will be developedfiase 2 and
future phases and both will be incorporated into a revis#dter Resources Management Plan
for the Red BuCatalpa Creek Watershed

4 KEYWATERSHHRANNINGE.EMENTS

In its handbookEPAdescribe® key elementsof awatershedplan that are minimum
requirements for 319 NPS funding support and describes what each element riéass.
Implementation Plan for the Red B@atalpa Creek Watershé&hase builds upon théWater
Resources Management Plan for the Red-Bathlpa Creek Watshedby providing more
details and specifics favatershed planninglements3, 5, 6, 7, and 9 (noted below in bold
font).

Element 1:ldentification ofcauses and sources ioipairments

Element 2:Expectedoad reductions;

Element 3: Proposedmanagement measures

Element 4:Technical and financial assistance needs;

Element 5: Information and education

Element 6: Implementation schedule

Element 7: Measurablemilestonesand projectoutcomes

Element 8:Load reduction evaluation; and

Element 9: Monitoring.
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5 PROPOSHHMANAGEMENWVIEASURHELEMENBOFI9 t 49KEY
BE_EMENT)S

5.1 IDENTIFICATION GRITICAMANAGEMENAREAS

Atwo-step process was used to identify critical management areas targeted for the
implementation of Phase 1 management practices. fliisé step in this proceswas the
identification ofmanagementreas of concerthroughout the watershed. The second step
focused on identifying critical management areas in the headwaters of the watershed.

STEPL: IDENTIFICATION MFANAGEMENAREASFCONCERNManagement areas of concern
that focused on attributes related to soil erosion, nutrient loadings, and strearogsses \ere
identified throughout the Red Bufatalpa Creek Watershe@iheresults,screening
methodology andsupporting informatiordeveloped to identifftheseareasin the Red Bud
Catalpa Creek Watershede described in Appendi® of this plan.Factorsand coverages
considered for delineation of thes®eas included the following:

=

Land Slope and Runoff Pathways;
Water Stored by Soil;

Soil Drainage Classification;

Soil Hydrologic Groups;

Watershed Runoff Potential;
Watershed Flooding Frequency;
Land Cover/Land Use;

Soil Erodibility Factor;

. RUSLE Cover Management Factor;
10. Erodibility Index;

11.Annual Soil Erosion Rates;

12.Soil Loss Tolerance;

13.Estimated Average Nitrogen Yield;
14.Estimated Average Phosphorus Yield;
15. Site Verification; and

16.Best Professnal Judgment.

©o N A~ ®ODN

Through this processpanagement areas of concewere identified.

STEF2: DELINEATION AERITICAMANAGEMENAREAS In addition to the methodology
described in Appendi®, additional factors wes considered for determining specifmcations
within the identifiedmanagement areas of concefor the placement obest management
practices (BMP)during Phase .1This stepincludedconsiderationof the following attributes
based upon best professional judgment
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1. Likely vater quality benefit;

Willing ndowners;

3. Desire tousePhase BMPs taraiseawareness (i.e., visibility and easy access/ability to
use as showcase sites);

N

4. Implementation ofthaeS O2 YYSY Rl 1A2ya 2F GKS ¢a5[ O6ADSO

water bodies within [the waterséd] be considered a priority for streambank and
riparian buffer zone restoration and any sediment reduction BMPs, especially for road
crossings, agricultural activities, and construction activities);

5. Cost of BMPs must be within available funding levels;

6. Strategy to include range of BMP types in initial installation (not just the same BMP
installed at different sites);

7. Usefulness in fulfilling the teaching/research mission of MSU as wsdiras as
leverage fortthe education and outreacbhapter,

8. Ease oBhowing effectiveness of the BMP(s) through monitoring;

9. Shorter lengthof time for anticipated results (i.e., within the grant period);

Theoverarching desired considerations, aassociatecbutcomes, are b reduce sediment to

the quantifiabk levelspecified in the TMDL and achidve W3 22®DNKE . L a59v QA&
downstreambiological monitoring siteaf, atthe least,to make documented progress inith
direction).¢ KS LR AAGA2YyAYy3d 2F a{! Qad {2dziK CIN¥Y Ay
landowner, the increasedikelihood for leveraging ah-kind serviceshighvisibility for the

installed BMPsopportunitiesto create experiential learning activities through planning,
installation, monitoring, and edation activities;proximity to pollutart sources; and resource
eligibility all led to the selection of three Critical Management Areas on the South Farm as the
focus of Phase 1 implementation.

Map 5.1.1 illustrates a portion of the headwaters of the watershed in which management areas
of caoncern are identified as well as Critical Management Areas 1 and 2 (highlighted in yellow).
Due to the lack of 1 meter LIiDAR data, this same resolution is not currently available for Critical
Management Area #3. Field verificatiand photo documentation waused to support the
delineations of the three critical management areas for Phaseekefted later in this chapter

is photo documentation of the identified critical management areas and sites where BMPs are
proposed for Phase 1 implementation. Followgiis the narrative for Critical Management Area

1 and 2. The narrative for Critical Management Area 3 begins onZdage
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Map 5.11
ManagementAreas of Concerwithin MSW & { 2 dzi K CI NJXY
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5.2 PROPOSEAGRICULTURBESTMANAGEMENPRACTICE

To determine the BMPs that would likely result in quantifiable improvements in water quality,
the expertise of a varietgf conservation professionals was sought. These included

O2y aSNIBI GA 2y A auinBResburd@KConsénatiomIen(BRCthe Mississippi

Soil & Water Conservation Commiss{dSWCQC)the OktibbehaCounty Soil & Water
Conservation DistrigtOCSWD) environmental scientists with the DEQ and numerous
administrators, researchers, and farm managetstaff with MSU Numerougneetings and

site visits were made to document the sources contributing to water quality and habitat
degradation and identyf appropriate management measures that could improve water quality.

Within the headwaters of the Red Bu@atalpa Creek Watershe2¥4 BMPsn threecritical
areashave been selected for implementationhase 1TheBMPsthat are proposed foPhase
1 implementation are identified belowwWhere possible, green infrastructure solutions will be
used.

QRITICAMANAGEMENAREAL ¢ LVESTOCKORAGHAREA Table5.2.1identifies the BMPs proposed
for implementation inthe livestock forage area durirRhase 1Descriptions of these practices
follow Map 5.2.1 See Appendix A for additional details.

¢l o@®mp
/| NAahOFBSIYNHIG AR@®S&aG20] C2NF 3IS !
tNPLI2&aSR tKFasS m . $&0G alyl 3sSyd
! Estimated 2319 NPS
Costs to Fully | Eligible Funding
NRC®ractice Site # Implement (60% of Coststg  *Match
BMPs (100% | Fully Implement
Basis) BMPs)

561¢ Heavy Use Protection (Beef Feeding 1f $5715 $3429
Area)
561¢ Heavy Use Protection (Beef Feeding 19 5715 3429
Area)
576¢ Livestock Shelter Structure 2m 3940 2364
576¢ Livestock Shelter Structure 2p 3940 2364
576¢ Livestock Shelter Structure 2Q 3940 2364
512¢ Native Grass Planting 5a 1693 1016
382¢ Fencing' 6a 6666 4000
342¢ Critical Area PlantinfHeavy) Sites 1107 664

around

fences
Bank Stabilizatiofper NRCS engineering | West Line 52654 31592
design) Road

EstimatedTotal¢ Critical Area #1 $85370 $51222 $34148

*Rounding may result in slight differences between column totalsranttiplication products.

Map 5.2.lidentifies Critical Area #1 and within this area the sites proposed for Phase 1. Other
sites will be addressed in future phases.
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NRCS Practice 56 Heavy Use Protection Area. The stabilization of areas frequently and
intensively used by people, animals or vehicles by establishing vegetative cover, surfacing with
suitable materials, and/or installing needed structures. To provide a stableeramiing surface

for areas frequently used by animals, people or vehiclestamtotect and improve water

quality.

NRCS Practice 5¢@.ivestock Shelter Structure. A portable framed structure with mesh fabric
roof to provide shade for livestock. This practagglies to areas where animal productivity and
well-being is adversely affected by heat generated from sunshine or where livestock are
excluded from natural shade along stream banks or other water courses. This practice included
as a part of a Resource Magement System provides shaded areas for livestock, helps protect
surface waters from pollution, and assists the livestock from excessive heat.

NRCS Practice 34Zritical Area Planting. Establishing permanent vegetation on sites that
have, or are expeed to have, high erosion rates, and on sites that have physical, chemical or
biological conditions that prevent the establishment of vegetation with normal practices. The
purpose of this practice is to stabilize the soil, reduce erosion and damage flhbmese and
runoff to downstream areas, to improve water quality, to improve wildlife habitat, and to
improve visual resources.

NRCS Practice 5¢BiomasgNative Grasdplanting (legumes inteseeding or cropland
conversion). Establishing and reestallighnative species. To establish adapted compatible
species, varieties, or cultivars, reduce soil erosion by wind and/or wEiés.specific

application will establish a buffer along the north and south sides of the tributary and improve
wildlife habitat.

NRCS Practice 38Fencing. Dividing or enclosing an area of land with a suitable structure that
acts as a barrier to livestock. To subdivide grazing lands to create additional grazing cell that will
allow the implementation of a prescribed grazing syst@he fencing along site 6a is failing and
needs replacementt is needed to keep cattle out of the tributary.

StreamBank StabilizationThis work will consist of placing rock riprap 20ft. upstream of an
existing 6ft. x 10ft. arched pipe on West LReadat a tributary to Catalpa CreeRlso, 20ft. of
grouted rock riprap will be placed immediately downstream of the pgpel then an additional
20ft. of rock riprap without groutHowever, green infrastructure options will also be
considered.

The folowing photographs document the conditions that exist where Phase 1 BMPs are
proposed in Critical Management Area 1.
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Site 1F Site 1g
NRCS Practice 56§ Heavy Use Protection NRCS Practice 5§ Heavy Use Protection

Site 2m Site 2p
NRCS Practice 5¢@.ivestock Shelter Structure NRCS Practice 5¢@.ivestock Shelter Structure

Implementation Plan for the R&lLidCatalpa Creek Watershed Phase 1_2/28/17 11



Site 2Q Site 6a
NRCS Practice 5¢@.ivestock Shelter Structure NRCS Practice 3§Fencing

Sites Aroundrences
NRCS Practice 34Zritical Area Planting (Heavy)
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West Line Road at Tributary West Line Road at Tributary
Engineering DesignBank Stabilization Engineering DesignBankStabilization

RN il ) CREALTT N Y

Site 5a
NRCS Practice 5¢Native Grass Planting
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QRITICAMANAGEMENAREAZ ¢ BEEFRESEARCHNIT. Table 5.2.2 identifies the BMPs proposed for
implementationduringPhase Jdjacent to the beef research unit where concentrated
livestock management operations occur. Descriptions of these practices félleier to
Appendix A for details.

¢l 6fS pdHDH
/| NAakorasSyssrg. S6F wSaSlk NOK ! yaA
tK I a NeMI2ta SR a layshH ASINB U
1 Estimated 2319 NPS
Costs to Fully | Eligible Funding
NRC®ractice Site # Implement (60% of Coststg  *Match
BMPs (100% | Fully Implement
Basis) BMPs)
561¢ Heavy Use Protection (Concentrated 1j $48698 $29219
Operations)
561¢ Heavy Us@rotection (Beef Runway) 1k 38862 23317
342¢ Critical Area Shaping/Grading (Heav 3d 2214 1328
382¢ Fencing' 6b 2879 1727
410¢ Grade Stabilization Structure 7a 6000 3600
(Standard Cantilever)
410¢ Grade Stabilization Structure 7b 6000 3600
(StandardCantilever)
410¢ Grade Stabilization Structure (Drop 7c 6000 3600
Pipe/Riser)
410¢ Grade Stabilization Structure (Check 7d 10000 6000
Dams)
EstimatedTotal¢ Critical Area #2 $120653 $723R $48261

*Rounding may result in slighiifferences between column totals and multiplication products.

NRCS Practice 56 Heavy Use Protection Area. The stabilization of areas frequently and
intensively used by people, animals or vehicles by establishing vegetative cover, surfacing with
suitable materials, and/or installing needed structures. To provide a stableeramiing surface

for areas frequently used by animals, people or vehicles and o protect and improve water
quality.

NRCS Practice 34Zritical Area Shaping/Grading/Planting. Establishing permanent vegetation
on sites that have, or are expected to have, highs@n rates, and on sites that have physical,
chemical or biological conditions that prevent the establishment of vegetation with normal
practices. The purpose of this practice is to stabilize the soil, reduce erosion and damage from
sediment and runoffa downstream areas, to improve water quality, to improve wildlife

habitat, and to improve visual resources.

NRCS Practice 38Fencing. Dividing or enclosing an area of land with a suitable structure that
acts as a barrier to livestock. To subdivide grgizands to create additional grazing cell that will
allow the implementation of a prescribed grazing system.
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NRCS Practice 4t@rade Stabilization Structure. A structure used to control the grade and

head cutting in natural or artificial channels. Stabilize the grade and control erosion in these
settings, to prevent the formation or advancement of gullies, and to enhance environmental
quality and reduce pollution hazards. Individual structure types include standard cantilever

structures, droppipesfkisers, and check dams.

Map 5.2.2 identifies Critical Area #2 and within this area the sites proposed for Phase 1. Other
sites will be addressed in future phases.
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The following photographs document the conditions that exist where Phase 1 BMPs are
proposed in Critical Management Area 2.

Site 7a Site 7a
NRCS Practice 4t@rade Stabilization NRCS Practice 4t@Grade Stabilzation

Structure (Standard Cantilever) Structure(Standard Cantilever)
, \ s —

Site 7b Site 7b
NRCS Practice 4t@Grade Stabilization NRCS Practice 4t@Grade Stabilzation
Structure (Standard Cantilever) Structure (Standard Cantilever)

| S
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Site 7¢ Site 7¢
NRCS Practice 4t@5rade Stabilization NRCS Practicgstdfe Stabilization
Structure (Drop Pip®iser)

Site 7d Site 7d
NRCS Practice 4t@rade Stabilization NRCS Practj¢arddeé Stabilization
Structure (Check Dam) Structure (Check Dam)

Implementation Plan for the R&lLidCatalpa Creek Watershed Phase 1_2/28/17 19



Site 1J Site 1k
NRCS Practice 56 Heavy Use Protection NRCS Practicdégdy Use Protection
.;. . v ~ - L q‘ A ¥ &

2 e
5
<
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QRITICAMANAGEMENAREA3 ¢ DAIRYGRAZINGAREA Table 5.2.3 identifies the BMPs proposed for
implementation duringPhase &t a highly eroded dairy grazing area where dairy cows
congregate along ahdegrade thestream bed. Descriptions of thepeactices follow Map

5.2.3.See Appendix A for details.

¢lFo6ftS pdHDO
/| NA&GRQOF BSIYNE1G5F a NBE DNJ T Ay3 ! NB
tKF a Nem2taSR al yF3ISYSyd aSl adz
! Estimated 2319 NPS
Costs to Fully | Eligible Funding
NRC®ractice Site # Implement (60% of Coststg  Match
BMPs (100% | Fully Implement
Basis) BMPs)
342¢ Critical Area Planting (Heavy) lla $2214 $1328
410¢ Grade Stabilization Structure (Check 12a 10000 6000
Dams)

382¢ Fencing' 13a 17574 10544
391¢ Riparian/ForesBuffer 14a 3979 2387
578¢ Stream Crossing 15a 4440 2664
578¢ Stream Crossing 15b 4440 2664
578¢ Stream Crossing 15c 4440 2664

Estimated Totat Critical Area #3 $47087 $282 $188%

*Rounding may result in slight differences between coluwtals and multiplication products.

Map 5.2.3 identifies Critical Area #3 and within this area the sites proposed for Phase 1. Other
sites(such aslOcand 10d) will be addressed in future phases.
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NRCS Practice 34Zritical AreéShaping/Gradind?lanting. Establishing permanent vegetation

on sites that have, or are expected to have, high erosion rates, and on sites that have physical,
chemical or biological conditions that prevent the establishment of vegetation with normal
practices. The purposef this practice is to stabilize the soil, reduce erosion and damage from
sediment and runoff to downstream areas, to improve water quality, to improve wildlife

habitat, and to improve visual resources.

NRCS Practice 3§Fencing. Dividing or enclosing an area of land with a suitable structure that
acts as a barrier to livestock. To subdivide grazing lands to create additional grazing cell that will
allow the implementation of a prescribed grazing system

NRCS Practic®91 ¢ Riparian Forest Buffer. An area consisting predominantly of trees and/or
shrubs located adjacent to and yadient from water sources or water bodies.

NRCS Practice 4t@rade Stabilization Structure. A structure used to corttrelgrade and

head cutting in natural or artificial channels. To stabilize the grade and control erosion in these
settings, to prevent the formation or advancement of gullies, and to enhance environmental
guality and reduce pollution hazards. Individualsture types include standard cantilever
structures, drop pipes/risers, and check dams. Associated practices in this resource concern are
342 and 460.

NRCS Practice 8¢ Stream Crossind\ stabilized area or structure constructed across a stream
to provide a travel way for livestock. Practice will provide access to another land unit; to
improve water quality by reducing sediment, nutrient, organic, and inorganic loading of the
stream; and to reduce stream bank and streambed erogidhis practice reqres fencing off

both sides of the stream in which the stream crossing is installed).

The following photographs document the conditions that exist where Phase 1 BMPs are
proposed in Critical Management AreaEasentiallystreambed restoratiorand protection will
be accomplishethrough critical area shaping/gradifmanting, fencing andestablishing three
stream crossingthroughoutthis entire stream reach in addition to establishing a riparian
forest bufferand a heavy use protection ared smalledegraded streambetb the westwill
require critical area shaping/gradifpjanting and the installation of a series of check dams.
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Site 15a Site 15b
NRCS Practice 5¢&tream Crossing NRCS Practice 578tream Crossing

Site 15c Site 14a
NRCS Practice 5¢&tream Crossing NRCS Practice 3@Riparian Forest Buffer
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Site 13a Site 13a
West Side of Creek East Side of Creek
NRCS Practice 38 Fencing NRCS Practice 3@Eencing

Site 11a Site 12a
NRCS Practice 34Zritical Area Shaping/ NRCS Practice 4t@rade Stabilization
Grading/Planting (Heavy) Structure (Check Dams)
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In addition to the examples of erosion seen in the photographs abb@xitical Area #3ahigh
level of sedimentatiortan be seemccurring downstreanof aroad culverton the south
boundary of the dairy grazing aréaote the turbid watern the streamand sediment buildup
on the stream bank).
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ESTIMATEIDOSTS OPHASEL AGRICULTURBMPS Table 5.2.4 identifies all of the agricultural BMPs
proposed forPhase Js well as their eligible cost share as determined by NRCS. Installation of
these BMPs will be provided by MSU as akiia contribution.

Table 52.4
Cost Estimate®f Phasel BMPs
1 Estimated 2319 NPS
Costs to Fully | Eligible Funding
NRC®ractice Site # Implement (60% of Coststg ~ *Match
BMPs (100% | Fully Implement
Basis) BMPs)
Critical Area #X; Livestock Forage Area
561¢ Heavy Use Protection (Beef Feeding Are| 1f $5715 $3429
561 ¢ Heavy Use Protection (Beef Feeding Are; 1g 5715 3429
576¢ Livestock Shelter Structure 2m 3940 2364
576¢ Livestock Shelter Structure 2p 3940 2364
576¢ Livestock Shelter Structure 2Q 3940 2364
512¢ Native Grass Planting 5a 1693 1016
382¢ Fencing' 6a 6666 4000
342¢ Critical Area Planting (Heavy) Around fence 1107 664
Bank Stabilizatiofper NRCS engineering West Line 52654 31592
design) Road
EstimatedTotal¢ Critical Area #1 $85370 $51222 $34148
Critical Area #2; Beef Research Unit
561 ¢ Heavy Use Protection (Concentrated Operatiof 1j $48698 $29219
561¢ Heavy Use Protection (Beef Runway] 1k 38862 23317
342¢ Critical Area Shaping/Grading (Heaw 3d 2214 1328
382¢ Fencind' 6b 2879 1727
410¢ GradeStabilization Structure 7a 6000 3600
(Standard Cantilever)
410¢ Grade Stabilization Structure 7b 6000 3600
(Standard Cantilever)
410¢ Grade Stabilization Structure (Drop Pipe/Riser 7c 6000 3600
410¢ Grade Stabilization Structure (Check Dar| 7d 10000 6000
EstimatedTotal¢ Critical Area #2 $120653 $723@ $48261
Critical Area #3; Dairy Grazing Area
342¢ Critical Area Planting (Heavy) 1lla $2214 $1328
410¢ Grade Stabilization Structure (Check Dar| 12a 10000 6000
382¢ Fencind' 13a 17574 10544
391¢ Riparian/Forest Buffer 1l4a 3979 2387
578¢ Stream Crossing 15a 4440 2664
578¢ Stream Crossing 15b 4440 2664
578¢ Stream Crossing 15c 4440 2664
Estimated Totat Critical Area #3 $47087 $282% $188%
EstimatedTotal¢ CriticalAreasl, 2, & 3 | 23Sites $253110 $151866 $101244
*Rounding may result in slight differences between column totals and multiplication products.
Notes(on next page)
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! ESTIMATEROSTS TBULLMMPLEMENBMPS(100%BAsI$. The cosestimates provided by NRCS for these
BMPs are based updhe FY2016 USDA/NRCS Base Cost Estimate and apply to agricultural producers
that have been farming for more than 10 years and do not qualify as a Beginning Farmer, Limited
Resource Farmer, or a Salty Disadvantaged Farmdrhe Base Cost Estimate, compiled by USDA/NRCS
for Mississippi, Arkansas, and Louisiana, is a combined average cost estimate that typically represents
50% of the costs to actually implement the practice in these three StatessTineated costs to fully
AYLX SYSyid GKS tKFIaS m .ata fAa30SR Ay GKS LINBOSRAY
Base Cost Estimate X 2).

2 319E.IGIBLEUNDING60%0FCOSTS TBULLYMPLEMENBMPS). These costs represent 60% of the

estimated costs to fully implement the selected BM&Eich is he amount that is eligible for a 319 NPS
funding award (pursuant to other program requirements).

3 319IN-KINDMATCHREQUIREMENAOYOFIMPLEMENTATIABDSTE 319 NPS funding requires a 40% match
(in-kind services or monetary contribution). It is anticipated that MSU will contribukénid services to
install he designated BMPs aadver this requirement.

4 FENCINGREQUIREMENTSJSDA/NRCS handles requestsrfragricultural producers that desire to

substitute wooden post with metal pipes, angle iron, etc. by first requesting from the producer what is

desired for braces, Hdraces, corner posts, and line (pull) posts. This information is then provided to the
USDANRCS State Grazing Land Specialist for consideration of a waiver to use the materials desired by

the producerNormally, MDEQ requires that conservation practices implemented undeN@Bunds

follow USDA/NRCS practice standards spetifications. SOl dzaS 2F G(KAA&X a59vQa | L
be required in the event a waiver is requested.

5 20%ADMINISTRATNMANAGEMEN(GNDIREQICOSTSMDEQ and MSU have negotiated an indirect rate of
20% of thetotal project components eligible f819NPS funding$220,003 2 2FFfaSid a{! Qa
administrative management costs. This amount4d4,$0Q

6319NPILIGIBLEDSTS COSTS ELIGIBLE BI®NPS-UNDING SUPPQORT

TYPES ANQUANTITYOFPHASEL AGRICULTURBMPAPPLICATIOB Table 5.2.£omprehensively
identifies all of the types agricultural BMiPplicatiors proposed for Phase 1 and the number of
each type.

Table 52.5

CumulativePhase 1 BMPs
PracticéApplication # of Sites
561¢ Heavy Use Protection (Beef Feeding Area)
576¢ Livestock Shelter Structure
512¢ Native Grass Planting
382¢ Fencing
342¢ Critical Area Planting (Heavy)
StreamBank Stabilization
561¢ Heavy Use Protection (Concentrated Operations)
561¢ Heavy Use Protection (Beef Runway)
342¢ Critical Area Shaping/Grading (Heavy)

RiRRRIN Wk w|N
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410¢ Grade Stabilization Structure (Standard Cantilever) 2
410¢ Grade Stabilization Structure (Drop Pipe/Riser) 1
410¢ Grade Stabilization Structure (Check Dams) 2
391¢ Riparian/Forest Buffer 1
578¢ StreamCrossing 3
14 TotalPractices/Applications 24 TotalSites

5.3 PHASH URBANSTORMWATERMITIGATIORCTIVITIES

Chapter 11.3 of th&Vater Resources Management Plan for the Red®atdlpa Creek

WatershedlRSE ONRA 684 Ay RSGF AL  O2 20U h&igedtisy both T

storm water.During 2015, MSU announced plans to update its Master Plas.cAmponent of

a{| Qa
structural and nonstructural management practices to mitigate the harmful effects of urban

this Phase WatershedimplementationplanS ¥ ¥F2 Nlia 6Afft 06S YI RS
Planning Committee to incorporatbese proposed and future watershed activities into its

planning efforts.

Currently, MSU is constructing a new entrance road to the southern portion of its campus. This

g2

road wil transect South Farm and the headwaters of the RedBatdlpa Creek Watershed by
connecting Poor House Road with the south campus entry at Blackjack and Stone Boulevard

(see Map 5.3.1Proposed improvements include application of the Green Corridocemn

contained in the Master Plan. During implementation of Phase 1 of this watershed

implementation plan, coordination witthe Mississippi Agriculture and Forestry Experiment

{ G 0 &2 ¢ @dnghéer, who also serves tig south entry road project meager, will

continue to be a priority.

An additional MSU Master Plan activity for which coordination and potential leveraging will be
a Phase 1 focus is developing a hydrologic model for Catalpa Creek. Such a model will have
multiple useg; siting and sding a future storm water retention basin south of the Blackjack and

Stone Boulevard entrance, stream restoration design, and urban storm water campus planning.

The City of Starkville is currently in the process of updating its Master Plan. Efforts milda
to engage the City Engineer and identify mutual urban storm water management needs and
discuss potential solutions. During Phase 1, Oktibbeha County representatives will also be

engaged for the same purposes.
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Map 5.3.1

New South EntanceRoadto MSU Campu@Jnder Construction)
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New South Entrance Road to MSU Canrsler Construction)

5.4 PHASH BROADNATERSHHEipIUG#031601040601ACTIVITIES

Phase 1 activities of this plan are not limited to implementation of agricultural BMPs in the
KSIRglFGSNR INBIF 2F a{! Qa {2dziK CINXY®dgy FI Ol=x
watershed, HUC #0316010801. Specifically, the following activities are planned to address

the entire watershed during Phase 1.:

1. Continuous slicitation of watershed restoration and protectiaesourcedrom a
variety of potential sources for future implementation activitiestbg Funding and
Incentives Work Group and other interested part{#ss includes annual .S
Department of Agriculture RequestsFor Proposas, such athe RegionalConservation
PartnershipProgramand @nservationinnovationGrant Program as well as raaring
costshare programs, such #se EnvironmentalQuality IncentiveProgramand Wildlife
Habitat IncentiveProgram);
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2. Assimilaion and integraton of multi-disciplinary data setselated to indicator species,
fisheries, biology/habitat, water resources, and other watershed management interests;

3. If resources are available, collert of data to support development of laydrologic
model,

4. If resources are available, devetlopntand implemenation of social indicators and
civic engagement indicator surveys in watershed and metropolitan; area

5. Finaliation of aphased implementation plan for the entire Red BQdtalpa Creek
Watershed and incorporain into a revisedNVater Resource Management Plan for the
RedbudCatalpa Creek Watershed.

5.5 WATERSHEDREAMEEMONSTRATIQRESEARGEDUCATIONAPPLICATIQN
MANAGEMENT ANDISTAINABIL)I@ENTERACTIVITIEBURINGPHASEL

Because of the significant interest in the Red Bladalpa CreeWatershed Restoration and

Protection Project and the recognition of the potential to leverage these efforts into an ongoing
Watershed DREAMS (Demonstration, Research, Education, Application, Management and
Sustainability) Center, activities will be planne@ I R yOS a{! Qa 2 §SNEKSR
into fruition. In support of this concept, activities planned during Phase 1 are identified below:

1. Visioning

2. Planning

3. .NRPIFRSYAY3 &dzLJLIR2 NI FY2y3 (GKS 6F §SNEKSR LINI
4. Engaging potential extaal stakeholders and users;

5. ldentifying and generating resourceand

6. ldentifyingand capitalizing oteveraging opportunities

a{'Qa 2 0SNAKSR 5w9!a{ /SYiGSNI KIFIa GKS LRGSYlUA
interests, including:

A Students through facilitated experiential learning activitiefsom secondary through
college;

A Educators: at all levels;

A Researcherg who desire to design and nest new project concepts into a watershed
setting;

A Conservation professionatswhere traning and CEUs can be made available through
appropriate agencies;

A Producers; who desire to learn the latest results and applications of research;

A Policymakers and legislatorsi 2 3 A @S  G2Ky&EY SEKWIINRESYy OS | a (G KS
challenging issues;

A Community Service grougsto foster more watershed stewardship; and

A Many more interests
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6 INFORMATION ANEDUCATIOKE.EMENBOF9 t $9REYH EMENT)S

6.1 GOAL ANDBJECTIVES

The educational goal of this plan is to enhance awareness and knowledge of watershed issues
in local, regional and national stakeholders and increase use of watershed
conservation/management practices through educational programs associated with the
implementation and assessment of best management practices ifmRéd BueCatalpa Creek
Watershed. This goal will be achiewtdough accomplishing the following objectives

A Demonstrating the effectiveness and benefits of sediment, nutrient, pathogen and other
BMPs and water management approaches to a diverse audience of stakeholders.

A Providing for information and technology transfer of current and future watershed
management applications to resource managers, water resources planners, agricultural
producers, uban and rural residents, University and secondary education students and
educators and other stakeholders.

A Increasel use of BMP and other watershed protection practices by producers,
municipalities and rural/urban residents.

Given the complex nature of ghmanagement and recovery of tiied BudCatalpa Creek
Watershed, a phased approach will be used to address initial concerns. As practices are
implemented, monitoring is advanced and funding becomes available, the education/outreach
program will be expanred to take full advantage of new opportunities and address other needs.
Leveraging with existing programs at MDEQ and others affiliated with state and federal
agencies and stakeholder organizations will be purstiéés document describes the first

phase & activities for the Technology Transfer, Education/Outreach and Public Relations Team.

6.2 ACTIVITIES ANIMELINE

Table 6.2.1
Summary oPhase JActivities
TargetAudience Activity Project Year
University Faculty and 1. Recruit faculty and provideducational support materials 1¢3
Sudents for experiential learning for undergraduate/graduate

classes; facilitate coordinated monitoring or modelling
efforts by students that may contribute to watershed datg

2. Assess knowledge and perceptions of watershed issues 1¢3
collaborating faculty and university students
3. Develop a virtual field trip of thRed BuelCatalpa Creek 1¢2

Watershed featuring elements of watershed protection,
restoration and management (e.g., hydrology, storm wat
effects, soils, etc.) for use in diverse edtional
applications
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Develop educational background materials (watershed 2¢3
maps, photos, sample data sets, etc.) for distribution for
class use
Develop and place educational signage at relevant sites 1¢3
0Sd3dr G AYLXSYSYGiSR . ant
the watershed
Develop content and presentation format for 8 education
RAALI L& LI ySta oF LWNRED® o
and protection for the Wetland Education Theater on the|
MSU campus 1
Stream corridor cleamip by MSU student professional
groups
Youth Identify existing watershed educational programs for use 1¢2
¢ Schools for youth outreach; identify gaps that may be addressed
¢ Youth Rvelopment this project
Groups Developand incorporate a 1/2lay watershed curriculum 1¢3
¢ SummerCamp for 4 annual summer camps
Participants Repair an existing, laregeale, trailermounted stream table 1
owned by MSU for use in outreach efforts
Develop and offer a onday Field Day program on 1,3
watersheds featuring Catalpagek for local schools
Assess knowledge and perceptions of watershed issues 1¢3
select youth groups
Develop a virtual field trip of thRed BudCatalpa Creek 1¢2
watershed featuring diverse elements of watershed
protection, restoration and management (e.g., hgkbgy,
storm water effects, soils, etc.) for use in diverse
educational applications
Develop content and presentation format for 8 education 1¢3
RAALI L& LI ySta oF LIWNRED® o
and protection for the Wetland Education Theater or th
MSU campus
Educators Identify existing watershed educational programs for useg 1¢2
¢ SchoolTeachers schools and extracurricular activities; identifgps that may
¢ Youthdevelopment be addressed by this project
leaders (e.qg., FFA;H, Develop and offer a-tlay workshop for youth formal and 2
Enviothon) informal educators on watershed function and protection
featuring Catalpa Creek as a case study
Repair an existing, larggrale, trailermounted stream table 1
owned by MSU for use in outreach efforts
Assess knowledge and perceptions of watershed issues 2
select Mssissippyouth educators
Develop content and presentation format for 8 education 1¢3
RAALI L& LI ySta oF LIWINRED o
and prdection for the Wetland Education Theater on the
MSU campus
Resource @fessionals Identify existing watershed educational material availabls 1¢2
¢ Extension Service for professional development of land specialists; identify
Agicultural andNatural gaps that may be addressed by this project
Resources Agents Develop and offer a 1A2lay inservice training for 2
¢ NRC®ersonnel Extension Service personnel featuring Catalpa Creek as
case study
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3. Develop and offer a-Bay professionatlevelopment 3
workshop for NRCS personnel on watershed protection
NBai2NI A2y AyOSydGA@S LIN
Catalpa Creek as a case study

4. Repair an existing, larggzale, trailermounted stream table 1
owned by MSU for use in outreach efforts
5. Assessment of knowledge and perceptions of watershed 2-3

issues of MB Extension Service agents and NRCS

personnel; compare with that of stakeholders as reporte

in the literature

Civic Leaders 1. Conduct an informational meeting / listening session witl 3
relevant city leaders othe Red BudCatalpa Creek
Watershed issues related to urban planning, storm wate
management, etc.

2. Assess knowledge and perceptions of watershed issues 3
select civic leagrs and planners within thRed BueCatalpa|
Creek Watershed

Needs Assessment of Stakeholdersffective education begins with an understanding of the
knowledge base, perceptions, misconceptions and educational needs of the target audience.
Therefore, convenience surveys of community/municipal leaders, public educators (both formal
and nonformal; k16), secondary and posecondary students and agriculture and natural
resources agents from select organizations (i.e., NRCS, MSU Extensice) 3élhbe

conducted throughout Phase One to provide baseline information from which more intensive
surveys will be developed in Phase Two of the education/outreach plan. Additional
stakeholders such as watershed residents, developers and agricultodgers will be also
included in similar surveys in later phases of the outreach/education plan.

University Outreach The contiguity of the Mississippi State University campus withirRibe
Bud-Catalpa Creek Watershed provides the unique opportunifyravide relevant, experiential
learning to undergraduate and graduate students, thereby impacting watershed conservation
into the future and beyond the confines of this plan. The close proximity of students,
instructors and researchers to watershed elemtgeallows for demonstration (both of
impairments and mitigation approaches), case study, land use planning, research and
monitoring learning experiences.

Phasel activitiesof the education/outreach plan will include engaging relevant faculty and
their undergraduate classes and graduate researchers in watershed experiential leaFhimg.
Red BuelCatalpa Creek Watershed will be used as a case study for water quality monitoring,
hydrologic and geomorphological modeling, soil assessments, etc., thus simultaneously
promoting learning and baseline data collection. Watershed knowledge and perceptibbg wi
assessed in participating students and faculty to inform future educational needs and
approaches.

Il @GANILdz-f FASETR GNARLIE SRdzOFGA2ylf &aA3dylr3as
watershed will also be developed to facilitate leampinFurthermorethe Red BueCatalpa
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Creek Watershed will be featured in the Wetland Education Theater scheduled for construction
on the MSU campus in 2017. Eight, large display panels featuring educational text,
photographs and figures on watershed fuioct and protection will be incorporated into this

larger project focused on the beauty and function of natural wetlands. Classes, tour groups and
casual campus visitors will benefit from the informal and experiential learning opportunities
associated withihis new facility.

Youth Outreach Mississippi State University has enjoyed a long and successful history in youth
education, primarily through programs such abl4nd FFA which provide development of life
skills and promote acquisition of subject atlggowledge. Existing connections to youth
educational programs (e.g., summer camps) and groups (e.g., area environmental classes and
clubs) will be leveraged iAhase bf the education. A halflay focus on watersheds will be
incorporated into four annuallsnmer camps during each of the three project years. An

existing, trailefbased stream table will be renovated to provide a platform for demonstrating
hydrological processes to youth and other audiences.

Students from local schools will be invited to t&U campus for a orgay Watershed Field

Day featuring Catalpa Creek during two of the three project years. However, many schools lack
the financial support for field experiences; virtual field trips can provide many of the same
features and benefits withut the associated costs in travel time and expense propose to
develop in yarsl1 and?2 of the project a wekbased learning tool based upon Catalpa Creek

that will highlight watershed function, protection and restoration. Curricula will be linkedgo th
virtual field trip to provide learning opportunities with diverse applications.

Finally, students participating in these various outreach endeavors will be surveyed to
determine their perceptions and knowledge of watershed issues. This information will
contribute to future assessments of motivations for and barriers against conservatiented
behaviors in young people that will be conducted in later phases of plan implementation. It will
also guide selection and/or development of educational currifoitduture project phases.

Educator Outreach Although there are positive gains to be made through outreach to
AYRAQGARdzZE a4 |yR avYl f-the-0I\NNPALIEINE Sr2lBES e Myad RS GAGIRNG
Therefore, outreach to those with educatioasponsibilities will be a key component of

implementation of the outreach and education efforts associated wiik linplementation

Plan for theRed BueCatalpa Creek Watershed&se 1

Teachers in public and private schools, youth development (ekd.add FFA) leaders and
natural resources educators are tasked with improving learner knowledge; this is often best
accomplished by showing relevance of the content to the learner. Adagydeacher workshop
centered on Catalpa Creek will provide for expetial learning irscience, technology,
engineering, and matiSTENItopics using a casgtudy approach. Repair on an existing trailer
based stream trailer will allow for its incorporation to further expand learning about hydrology,
stream modification, eosion and other physical factors at work in watersheds.
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Educators will also be asked to participate in surveys of their knowledge and perceptions of
watershed issues to allow for development and/or modification of curricula to meet
educational needs.

1 3SyYydaQ t NBTFSaa N&uwal résoubc& @deiiit2ahdyp&rsonnel with groups such

as the Natural Resources Conservation Service and the Extension Service interface with private
land owners on conservation and management of natural resources.réfege protection

within agricultural settings remains a priority, yet not all of those tasked with working with the
public are fully informed of the challenges associated with watershed protection and/or
restoration and the diversity of conservation opt®available to mitigate issues. Providing
current, researckbased information on causes of watershed degradation, methods for
restoration (e.g., best management practices, incentive programs) and benefits of sound
environmental stewardship will promote ahge and enhance the adoption and

implementation of sound management practices.

Civic Leader OutreachMunicipal and campus development in the headwaters of Catalpa
Creek Watershed contributes to impairments in the watershed angtdom water
managemenissues. Engaging @eaders will be imperative in alleviating pressures on Catalpa
Creek. This project proposes to host at least one meeting with relevant city leaders to identify
their familiarity with watershed concerns and to inform them of avagatyptions for

addressing the issues of concern.

6.3 PARTICIPAN;IROLESANDAFFILIATIONS

Table 6.3.1 identifies the participants, roles, and affiliations offteehnology Transfer,
Education/Outreach and Public Relations Team

Table 6.3.1
ParticipantsRoles, and Affiliations
Name Role DepartmentAffiliation

Baker, Beth water quality Wildlife, Fisheries and Aquaculture/Extension Service,
evaluation/outreach MSU

Burger, Leslie conservation/ Wildlife, Fisheries andquaculture/Extension Service,
environmental education| MSU

Cade, Wally soil conservation Natural Resources Conservation Service
outreach

Chapman, Janet watershed/basin Mississippi Department of Environmental Quality
coordination

Cossman, Ron social indicators Social Science Bearch Center, MSU

Downey, Laura program evaluation School of Human Sciences, MSU

Ingram, Richard water resourcesesearch | Water Resources Research Institute
andmanagement

Jack, Linda FFA/Environmental Starkville School District
Science instructor

Neal, Kayla soil and water Oktibbeha County Soil and Water Conservation District
conservation
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Kelly, Lelia

Master Gardener
Coordinator/native plant
outreach

North MS Research and Extension Center/Extension

Service, MSU

Lemus, Rocky

range management

Plantand Soil Science, MSU

Linhoss, Anna

environmental
engineering and water
resources

Agricultural and Biological Engineering, MSU

Oldham, Larry

soil science outreach

Plant and Soil Science/Extension Service, MSU

Philips, Tommy

human development

School oHuman Science, MSU

Tagert, Mary Love

water management
science

Agricultural and Biological Engineering/Extension Servi

MSU

Smith, Brian

complex system
modeling

Industrial and Systems Engineering

Swortzel, Kirk

agriculture education

Agriculture and Exinsion Education, MSU

Veeder, Deb

watershed outreach

MS AdoptA-Stream, MS Wildlife FederatipMDEQ

6.4 PROPOSHBUDGET

Table 6.4.1 illustrates the proposed information and education budget.

Table 6.4.1
Proposednformation and EducatioBudget
Category | Activity | 60% of Costs | 3Match

Salaries

Project Oversight $4732

Summer Intern/Project Assistance $12079
Commaodities

Trailer Repairs $1000

BMP Signage 3000

MSU ClassasEducational Materials 4500

Field Day fordcal Schools¢ Materialsand Support 2000

Profession Development: NRCS Training 5000

Educator Workshop 2500

In-Service Training: Extension Agents 1000

Watershed Management Workshop 500

adzy AOALI £ [ SFERSNBQ 2 2NJ 250

Publication Costs; Educational Materid@sirveys 3000
Contractual

| Virtual field trip development $13900
Information andEducation ----- Estimated Total Costs ~ $891 $53461 $35641
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7 IMPLEMENTATICRTHEDULEH EMENG OF9 t 49 REYH EMENTS

Chapter 3 provides an overview of thhased implementation approach that is being designed
for the Red BudCatalpa Creek Watershed to restore and protweter quality and
habitatecosystem healthand Chapter Sescribes thggroposed management mesares
(implementation activitiegplanned br the watershed. Thishapter provides a schedule for the
implementation of these activities durirfighase 1Activities planned for use of potential 319
NPS funding are noted with

Months 1:3: 1. Establish pe-implementation monitoring to establisfpre-project baselines.

Months 1:12: 1. Prepae educational and outreach materiaksnd facilitateleveraging

opportunities forexperientiallearning applicatiorts

2. @llectneededdata to support development at hydrologicmodel;

3. Identify and assimilag South Farm nonstructural management
practices/plango highlight MSU activities

4. thgage MSU Master Planning Committeadentify collaboration/leveraging
opportunities during south entry road construction aNthster Fanrevision

5. Ehgage City of Starkvilend Oktibbeha Countip discuss storm water
management needs in the@atershed

6. If resources are available, develop and implement social indicators and civic
engagement indicatosurveys in watershed and metropolitan areand

7. Finalizephaseal implementation plan for the entire Red Bi@htalpa
CreekWatershed(HUC #03160104069&nd incorporate into a revised/ater
Resources Management Plan for the Bad-Catalpa Creek Watershed

Months 12-24: 1. implementPhase Jgricultural BMP# headwatersat South Farrh;
2. Implement education and outreach planand
3. Explore/advanceollaborationandleveragingopportunities related to storm
water management with the MSU Master Planning Committee, City of
Starkville, and Oktibbeha County

Months 2536: 1. Conduct pstimplementation manitoring*;
2. Assessvater qualityand habitat/ecosystem healthestoration and
protection progress
3. Implement education and outreach plgreind
4. Prepare and submiirial Phase Teport

Months 1:36: Solicit additional resources to support monitoring, modeling and
implementationactivities for the entire Red BuglCatalpa CreeWatershed

Concurrent  Visioning, planning, identifying and generating potential resources, and
ARSYUATeAy3a f SOSNI 3 Watcdshetl DREAMS dzy A 1 A S a
(Demonstration, Research, Education, Application, Management and
SustainabilityCenter
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8 MEASURABMILESTONESDPROJECDUTCOMEFH EMENT OF
9 t 49REYH EMENT)S

The identification of measurable milestones and project outcomes are required as Element 7 of
9t ! Qa ¢ YSe 9fSyYSyida 2F | 2FGSNBRKSR tflyo

8.1 MEASURABIMILESTONES

Chayter 7 provides a schedule for the implementation of Phase 1 activities. Ch&8pter
establishes interimmeasurablemilestones for determining whether the planned BMPs or
other implementation activities are being implemented schedule and for measuring
progress in im@ementing this planThePhase Zctivitieslisted below will potentially be
supported by 319 NPS funding.

Milestone 1 End ofMonth 3 Preimplementation monitoringhas beernmplemented

Milestone 2 End ofMonth 12 Educational and outreach materiase prepared, and
leveragingopportunitiesfor experiential learninglanned

Milestone 3 End of Month18 AllPhase Jgriculural BMPsareinstalled in firstcritical
area at Southrarm; all planned education and outreach
activities for this period haveeen completed according to
schedule

Milestone 4 End of Month21  AllPhase 1 agricultural BMRseinstalled in secondritical
area atSouthFarm all planned education and outreach
activities for this quarter have been completed according
to schedule

Milestone 5 End of Month24  AllPhase Jagricultural BMPareinstalled in thirdcritical
area atSouthFarm all planned education and outreach
activities for this quarter have been completed according
to schedule

Milestone 6 End of Month24 Postimplementation monitoring has been implemented
Milestone 7 End of Month 36  Final reportis submitted to MDEQ

8.2 MEASURABIRUTCOMES

Chapter 10 of th&Vater Resources Management Plan for the Red@atdlpa Creek
Watershedprovides significant narrative and information on the water quality biotic integrity
status within the watershed. Also included is a lengthy section that desaibiesegrated
restoration and protection goals and targets related to sediment, pathogansents, habitat,
and social indicators.
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9 MONITORIN(HEMEN®OF9 t 49 REYH EMENTSANDMODELING

9.1 PrRE ANDPOSTBMPIMPLEMENTATIQMONITORING

The purpose of this monitoring plan is to assess the ecological integrity of critical areas for
restoration n the Catalpa Creek Watershed pamd postbest management practice (BMP)
implementation Monitoring activities will be performed ollississippi Stat&niversity owned
lands adjacent to the Catalpa Creek Watershddnitoring is being performed to condupte-
and postconservation practice implementation water quality measurements in ssualle
watersheds utilizing edgef-field/in-stream monitoring Three reference si®under similar
landuse and agricultural management within the same priowatershed will also be
monitored to evaluate the effectiveness of these practices for reduction of sediment and
nutrients. While sediment is th@rimaryimpairment of concern in this watersheparameters
to be analyzed at the Mississippi Department ofiEommental Quality include Total Suspended
Solids, Ammonia, Total Kjeldahl Nitrogen, Total NiNteate Nitrogen, Total Nitrogen, and
Total Phosphorus.

Due to land usén critical areas as well as the presence of developed TMDLs for pathogens in
the larger HUC in which the Red BGdtalpa Creek Watershed is located, replicate samples will
also be collected for microbial analysis at the U.S. Department of Agricalfugeculture

Research Service, Genetics and Sustainable AgriculturéNhter fromeach replicate will be
analyzed with few exceptions as stated in Brooks et al. (2012) for the presence of Escherichia
coli (USEPA 1103.1, 2002), staphylococci, enterococci (USEPA 1106.1, 2002), and Clostridium
perfringens. Briefly, aliquots of water wilelpassed through membrane filter (0.45 um) and
placed onto appropriate media. E. coli will be plated to mTEC agar at 44.5C overnight,
staphylococci onto manitol salt agar incubated at 35C forel#d) enterococci plated to mENT
agar incubated at 35C foB4wours, and C. perfringens plated to CP chromoselect agar
incubated anaerobically at 44.5C overnight. Selected isolates will be collected and further
subjected to confirmation using colony polymerase chain reaction (PCR) and appropriate
primers. Additiondly, fecal samples will be collected from the surrounding grazing and poultry
operations. Similar methods will be applied to these sam@dssites will be pre

monitored baseline monitoed for one year or at leagen sample events prior to BMP
implementation. After implementation, BMPs will be monitored for the same amouratof

least ten events or one year.

STEDESCRIPTION

Monitoring sites will be downstream of the group of practices (i.e., @HNManagement Areas)
listed in Bble9.2.1
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Table 2.1
Monitoring Sites

Practices BMP Site #

Monitoring Site #X Critical Management Area Liyestock Forage Arga

561¢ Heavy Use Protection (Beef Feeding Area) 1f
561¢ Heavy Use Protection (Beef Feeding Area) 1g
576¢ Livestock Shelter Structure 2m
576¢ Livestock Shelter Structure 2p
576¢ Livestock Shelter Structure 2Q
512¢ Native Grass Planting 5a
382¢ Fencing 6a

342c¢ Critical Area Planting (Heavy)

Sites around fences

Engineering DesignStreamBank Stabilization

West Line Road

Monitoring Site #2; Critical Management Area Béef Research Unit

561¢ Heavy Use Protection (Concentrated Operations) 1j
561¢ Heavy Use Protection (Beef Runway) 1k
342¢ Critical Area Shaping/Grading (Heavy) 3d
382¢ Fencing 6b
410¢ GradeStabilization Structure (Standard Cantilever) 7a
410¢ Grade Stabilization Structure (Standard Cantilever) 7b
410¢ Grade Stabilization Structure (Drop Pipe/Riser) 7c
410¢ Grade Stabilization Structure (Check Dams) 7d
Monitoring Site #3; Critical Management Area 3 &by Grazing Arga
342¢ Critical Area Planting (Heavy) lla
410¢ Grade Stabilization Structure (Check Dams) 12a
382¢ Fencing 13a
391¢ Riparian/Forest Buffer 14a
578¢ Stream Crossing 15a
578¢ Stream Crossing 15b
578¢ Stream Crossing 15c
Total 24

WATEFQUALITYMONITORING

System description Site specific monitoring equipment will be the following:

Premeasured flowstructure: ditch/pipe section/box

> >

> >

weather station

>

Depth sensor: OTT PLS pressure level sensor $Dinfiatible; 64m

Area velocity sensor: Starflow UNIDATA ultrasonic Doppler 2m range
Automated sampler: SD900 SIGMA Composite sampler

Manual Rain Gaugst one sampling locatigradditional precipitation from MSU

Power Source: Solar PaneM,ZB0W Pole/House mounted with Solar 1205 12V/5A
charge controlled and a 12V deep cycle marine battery
Al 2dzAaAYy3aY CNIYSR cEcQ K2dAaSo

Sampling Potocol. (See QAPP for full detailsMonitoring will take place year round and the
goal of the project is to obtia runoff data from every attainable event. Events on these
particular sies will only be rainfall as pasture lands are agigated and there is minimal
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chance of snow melt. Field crews will check samplers after every storm event to detefmine
sampleswvere collected. Within 24 durs of storm eventesation, field crews will be on site
and undertake the following tasks:

1. Open automated sampler and pour required samples into sampling containers for lab
analysis.
A Samples will include:
¢ 1L sample for inoanics (no acid preservation)
¢ 1L sample for inorganics (acid preserved)
¢ 1L Field duplicate fromne random sampling station
¢ 1L container for turbidity measurements
¢ 1L sample for microbial analysis (no preservation)
Fill a 1 L sampling container with\idter as a field blank
Empty composite sampler and rinse twice with DI water
Replace composite sampler and reset sampler
Check sample intake for obstructions or debris
Check manual rain gauge and record rainfall amount
Once over all equipment for defectgars, obstructions etc.
Collect physical water quality parameters of samples, including: pH, DO, Specific
Conductance, and temperature
9. Measure Turbidity immediately following sample collection
10. Fill out field data sheet, including chain of custody formNMiDEQ

©ONOOGA~®WN

All runoff event samples will be analyzed for the following constituents:

Ammonium¢ NH-N
Nitrate+Nitrite¢ NO;+NQ
Total Kjeldahl Nitrogeq TKN
Total phosphorug TP

Total suspended solidsTSS
Total Organic CarbefhOC

I v v > D D

VEGETATIOASSESSMENTS

Vegetation will be considered a major ecolog@ssessmentactor, where vegetation
composition will be measured prand postBMPimplementationto serve as a condition
indicator. Specifically, this metric is defined as the percent cover of the natne gpecies,
relative to total cover (sum of plant species). This method will be adapted from+aber
Langendoen et al. (2011) and applied to survey the impacted area of each tributary where
BMPs will be implemented. Vegetation surveys will be conductedyusih neter? area to
perform grid sampling across the entire aref the BMP site. Fixed belt transects in each of
three zones will b sampled in each BMP site. Tth@nsects will be Ineter wide and

positioned in the upper, middle, and lower elevationglo# stream cross section. Species
RAOGSNEAGE gAff 0SS ljdzr yGAFASR 4 aLISOASA NAOKY
Smith and Wilson 1996).
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It isthe intention of the Planning and Implementation Teamwork with MAFES personnel to
actively promote themanagenent ofinvasive species throughout the growing season. The
impact d this effort will depend on theability of team membergo establish functional working
relationshigs, which has been actively encouraged by MAFES administratidswork will
engagegraduate and undergraduate students in the sampling effort. Photographic
documentation willalsooccur at each transect beginning at construction.

Table 2.2
Pre and PosBMP Implementation Monitoring (Funded by 319 NPS Award)
_ Total PreBMP PostBMP 60% of Costs
Project Needs Cost | Implementation | Implementation (Federal Match
Contribution)
Transportation of Samples to Jackson $1438 $1437 $2875
Equipment (6 samplers/flow meters) In-kind In-kind In-kind
Suppliegsampling jugs/labels 300 300 600
Undergraduate Stipenc 5000 5000 10000
Nutrient Analysis TBD TBD
Microbial Analysis (10/sample x 10) 600 600 1200
TOTAE| 24458 $14675 $9783

9.2 ASSESSING ANREDICTINIB-FSTREAMPROCESSES IN TAEALPAREENVATERSHED

ABSTRACT

Excessive erosion and the transport and deposition of sediment in surface wateragme
water-quality problems in Mississippi. Researchers in the state have shown siguieicant
portion of sediment loads exported from tiveatershed are contributed bgtreambeds and
mostly from active unstable streambanks. The main channel of the Caafsk has been
listedas mpaired due to sediments from headwaters to the outlet. Wiater Resources
Management Plan for the Red B@&tapa Creek Watersheahd Implementation Plan for the
Red BudCatalpa Creek Watershed Phaseere formulated torestore and protect the
ecosystem health, ecosystem services and quality of life, and wegeurces within the
watershed; and create experientikearning activities for studentgducators, and practitioners.
To develop remedial measures and future BMPs withinGhe&lpa Creek Watershed for
reducing water quality impairment, and a stream restoratdesign to improve stream
morphology, biologidaintegrity and function of the main streaand tributaries, it is necessary
to identify stressors, sediment sources and loads currerdiysported, and critical zones for
upland and irstream management and/or restoratiomithin the entire watershed.
Hypothesizing irstream processes are important mechanisinisying sediment supply into the
streams and an important portion of the sediment budgetttoe Red BueCatalpa Creek
Watershed This research will focus on the identification, assessmevdjuationand prediction
of in-stream processes within the study watershed. To addressdbearch objectives three
sub-studies will be undertaken using a combination of methwatuding field reconnaissance
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and detailed data collection, laboratory analysis, @hdnnelmodeling. Modeling results can
help to determine critical areas to be potentially considefedfuture management and
restoration activities, as well as to optimize a design for a desivdcome and to understand
what results might be expectedrdject results will be transferretb a broad group of
academic, technical and research stakeholders, supported in collaboratibrprivate, federal
and state agencies.

NATURESCOPEANDOBJECTIVES

Stabilization of active streambanks and reestablishnw#ritydrologic connectivity between
stream channel habitats and floodplain areas is relevant to improve stream corridor health.
Although stabilizing streambanks along the main channel mighhse#gical mitigation
strategyto enhance upstream andownstream water quality, detailed numerical modeling of
alternativemitigation strategies is imperative to reduce uncertainty in the effects of any
restoration efforts. It isnot common for stream restoration efforts to lead to further
instabilities if poperly planned anénalyzed (Pollen et al., 2005).

The present investigation is based on a collaborative effort betweenM$WLR | { 5! Q&
Agricultural Research Serviblational Sedimentation Laborato(ARSNSL) to develop a better
understanding of the biolgical and physical characteristics of Catalpa Caadkhe factors
affecting the occurrence of morphological adjustments (dygpe ofthreats,
streambank/streambed erosion rates, sediment contribatfoom streambanks, restoration
designs). The effors ultimately expected to support implemernian of management practices
in the watershed and future restoration activities in Catalpa Creek.

This research will focus on the identification, assessment, evaluation and prediction of instream
processes withm the study watershed. Specific objectivedinie i) to evaluate spatial and

temporal variation of suspended sediment transport rates, andhéral assessment of
dominantmechanisms driving sediment supply and exportation within and from the Catalpa
Creek; ii) toquantify instream erosion/deposition rates and determine the conditions and

factors affecting thoseates on different areas within the Catalpa Creek Watershed; and iii) to
assess the application of thé¢SDAARS CONSservational Channel Evoludiod Pollutant

Transport System (CONCERM&Jel to predict instream processes adevelop a sediment

budget, and evaluate stream restoratialesign scenarios along the Catalpa Creek.

METHODS"ROCEDURESNDFACILITIES

To address the research objectivéss project will undertake three sulstudiesusing a
combination of methods including field reconnaissance and detailed data collelegtimratory
analysis, and channel modeling in order to assess the actual contributiorswéamprocesses
to sediment loads within the Rd8iud-Catalpa Creek Watershed.

Substudy 1.Analysis of spatial and temporal variatiohsuspended sediment transpodtes
and initial assessment of dominant mechanisms driving sediment supply and exportatioa for
Catalpa Creek
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The project will start on March 1st, 201nitial field recomaissance will help to identify

potential locations to develop systematic survey assessments to characterize pblgsioacal
(water quality), hydrological (flow analysa)d biological and habitat (macroinvertebrates)
conditions. The biological and habitat assessment will be performed in collaboration with the
staffofthea A @ & A & & A LILIA 2 AAdopEASTFeSm Ry iR MississiguPpdried

0e ab9v Q&rogrampAutorhafic monitoring stations will be sep atthree different
locations along the main channel (upper 4 miles) to collect stormflow water saraptes/ater

flow velocity and depth measurements. Routine base flow grab samples will be collected
weekly from at least 15 locations along the main channel and tributaries of the Catalpa Creek.
Insitutesting will include the assessment of the physiemical (e.g. pH, temperature, total
dissolved solids, dissolved oxygen concentration) and hydrauljcflew velocity and depth)
characteristics of the flow. Grab samples will be subjected to laboratory analyses at the Kelly
GeneCook Environmental Lab to determine suspended sediment concentrations of all collected
water samples. Relationships betweenwl discharge and sediment loads (sediment rating
curves) will beconstructed and related to the stage of channel evolution as proposed by Simon
(1989).Establishing theseetationships Wil initially indicate the spatial variation in suspended
transportefficiency, trends and possible mechanisms driving sedimgoplg and exportation
along androm the creek (e.gstreambed erosion, streambank erosi@md/or aggradation).

Substudy 2.Assessmenif in-stream erosion or depogiin rates along the maiohannelreach
and main tributaries

Approximately 20 crossection transects will be initially surveyed along the upper 4 noites

the main channel and tributaries by using a Real Time Kinematic (RTK) GPSERREON
Hiperlite Plus) at the beginning tife study. Selected cross sections will include acive

stable streambanks. Transects will be resurveyed after stormflow events or monthly, if
stormflow events are not observed in a shorter period of timee depth of streambank
wideningor contractian, and the changes in streambed elevation will be estimated for each
survey. Volumend mass of eroded streambank and streambed material will be assessed by
comparing crossection changes in different surveying dates. A total event, seasonal and
annual lad will beestimated considering individual transects and the entire reach in
evaluation.

Substudy 3.Assessing the application of the computaiil model CONCEPTS and HEGRAS,
predict instream processes, develop a sediment budget within the Cataipalwatershed,
and evaluate stream restoration design scenarios

The computational model CONCEPTS will be evaluated (calibrateid} sarveyedstream
segments to assess model performance and capability to simulate temporal and spatial
streambanks andtreambed changes and sediment transport along the entire studied reach.
Themodel will be seup using information collected from Swgtudies 1 and 2. Additional
informationneeded to seup the model, suclasstreambank and streambed material
characterisics (e.g. particlsize distribution, bulk density, organic matter content) and
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streambank stability parameters (e, gritical shear stress, erodibility, soil cohesion, friction
angle) will be collecteah-situ at eachindividual cross section, for eaatdividual side.

Researchers frolARSNSLwill support this task by lending the required testiaguipment (i.e.
jet test device, borénole shear test device) and training the project team in their arse
results management. The calibrated modell be tested for proposed stabilization scenarios
on most active streambanks. A sediment budget will be assessed by using the subroutine
Sedimentimpact Analysis Methods (SIAM) included in the Hydrologic Engineering Eawneer
AnalysisSystem (HERAS) model.

STATEMENT dRESULT,SENEFIT2ND ORINFORMATIOEXPECTED TOGENED

The proposed research effort first intends to provide qualitative and quantitadieetification,
and temporal and spatial variability and distribution of hydraulic and charimahcteristics,
stages of channel evolution, representativesineam processes (e.g. streambamidercutting
and instability, streambed erosion or deposition, and sediment transport and sediso@ply),
and the definitive identification of these processesthe driving mechanism of sediment
supply within, and from the watershed. Collected and generated information will be used to
produce a calibrated model for hydraulic, sediment transport and channel evolution conditions
anda sediment budget for the Cdfma Creek, which will become important pieces to plan the
development of a stream restoration design that will aim at kbeign to improve stream
morphology, biological integrifyand function of the Catalpa Creek.

In addition with the benefitslescribel above, the project will be valuable for thievelopment
of maintenance and operation plans forstream BMPs, justification for continued
government and private expenditures in conservation, reduced labor costs associated with
surveytasks such as p#gpost-construction surveys and cut/fill analysis. The project activities
and resultswill be presented and transferred to a broad group of stakeholders including
watershed citizens, thentire MSU campus communijt§ptarkvie schools, and private, state
and federal agencies related to the quality improvementhe Catalpa Creek, an EBEO(h)
priority watershed. Generated publications will include research reports,-paeewed

journals papers and professional conference presentations and proceedings.

PROJECTERM AMOUNT OFUNDINGANDFUNDING3DURCE

The term of this projects Marchl, 2017February 282018. Thetotal funding level of this
project is $5,818. Nonfederal funding is $44,1 Funding is provided througdl WRR® 104b
Water ResourceResearch Grant Program

9.3 APPLIERSE ORINMANNERAERIANMEHICLES SURFACRWATEHPROTECTION

ABSTRACT
ONRPA&AA2Y NBLINBaSyda I aA3ayATFTAOLIYld RSGNRYSY
chemical (i.e., phosphorus) and physical (i.e., sedis)gollutants. Accordingly, erosio
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control will be necessary for maintaining the quality of MigsisSLIA Q& & dzNF I OS 4 |
and identifying and monitoring erosion in critical aread wilable stakeholders to better
managell KS { G (S Qces by hddr&shitg MXEes sbaielof degradation. The objective of
thisresearch is to evaluate the accuracy of erosion calculations derived from Structure from
Motion (SfM) captured with unmanned aerial vehicles (UAVS). The research project will
combineresuts from SfM assessments of erosion with grotindhed measurements of

erosion todetermine the accuracy of this approach for use in calculating erosion values, and
extend thisapproach to evaluate the ability of SfM to monitor erosion over time. Derived
values will bencorporated into existing models (e.g., BSTEM, CAEBASLd) to determine if
SfM dataare a valid model input. Data will be collected fronsWowned andmanaged

research properties where significant erosion has been identified; sonfeesétsitesare

within an EPAlesignated 319(h) priority watershetdhe result of this research is a scientific
validation of the accuracy of erosion calculatiaiesived from UAMollected SfM assessments.
When used appropriately, UAVs have thatential to enable rapid assessment of landscapes
with reduced labor costs. The research seraes proofof-concept project to develop a

method by which UAVs could be employeddentify, quantify, and monitor erosion in

drainage channels and other eroded are@Bis wouldenable federal, state, and local agencies
to utilize this technology to more efficiently monitaemediate, and regulate degradation of
surface waters. Outputs from this research projeatiude transfer of information on the
appropriate data ollection strategies for UAWased SfMassessments, as well as best practices,
along with methods, estimates of accuracy, and aagessary cautions. This data will be
communicated to stakeholders through scientific exchaage interaction, in addition téthe
established University Extension network.

NATURESCOPEANDOBJECTIVES BROJECT

The objective of this research is to evaluate the accuracyasi@n calculations derived from
Structure from Motion (SfM). Structure from Motion is a tedure whichrelies on the concept
of parallax to estimate 3D surfaces from 2D images. €klstique has more recently been
accomplished with UAVs to create digital surface models forrapelications. At present, SfM
is gaining acceptance as a loast alternativeto other methods which estimate surface
topography (e.g., LIDAR, terrestrial laser scanning). The wspasject will combine results
from SfM assessments of erosion with grottnethed measuements of erosion to determine
the accuracy of this approacbifuse in calculating erosion vaks, and extend this approach to
evaluate the ability of SfM to monitor erosion over time. Ded values will be incorporated
into existing models to determine if SfM data are a valid modaltinBecause of the nature of
the data, imagery is being collected which may showesr water quality impacts from
erosion.This data will be investigated for the potential to perform pobutimonitoring and
tracking, butthis is not the primary purpose of this research.

METHODSPROCEDURESNDFACILITIES

An investigation is proposed to be performed aBMresearch locationsncluding Foill,
Andrews, Bearden, and Leveck research proegrall located near the marampus in
Starkville, MS. All locations have drainageliand dditional areas of thg@roperty which

Implementation Plan for the Red B@étalpa Creek Watersh&hase 1_2/28/17 48

SN



exhibit erosion, evidenced by channel incisend sidewall cutting; in soneases this erosion is
guite substantial (Figure 1). In fact, the Bearden and Leveekitms ardocated in theRed
Bud-CatalpaQeekWatershed, which wa recently designated as an ERP¥(h) priority
watershed. This system is listed as impairedamSection 303(d) of the Cle&Water Act for its
sediment load, among other pollutants, making these locations ideal testbeds.

A multirotor UAV wil be utilized to perform SfM analysis ambnitoring of erosion over the
course of the study period. Imagery will be taken with aigicant (70%) frontal and side

overlap between successive images to create a densd plaind of images. Identifiable
structures in each image (e.g., telephone poles, plot markemgeseaps) will be used to align
the images properly. Geographic coordinates for thesecstires can be used to further
increasethe accuracy of the alignment, thus target research locatiotiso@imarked and
geotaggedappropriately. UAV missions will be conducted at no less than monthly intervals for
the first 10months of the study period, with the remaining two months reserved for data
analysis andéhformation transfer.

Concurrent with UAVmagery collection, field data will be cadted to provide groundruthing
information. Crossection transects along the channels of Sand Catalpa Creeks near active
gullies, and morphological characteristics of these channel wilt be surveyed using a Real
Time Kinematic (RTK) GPS system at points of interese digiginning and end of the UAldta
collection period (months 0 and 10), and after individual rerma events during the first 10
months of the research. The deptii streambank widening arontraction, and the displaced
volume of solil in gullies will be estimated for each survey. Volume and massdsd
streambank and streambed material will be assesseddoyparing crossection changes
between surveys. Displacemlume of soils in gullies whe estimated using the direct
computation method included in the Part 65&ngineering Field Handbook of the USDA
Natural Resources Conservation Service National Engineering Handbook (NRCS, 2012).
Additional information, schasstreambank and streambed materigtharacteristics (e.g.
particlesize distribution, bulk density, organic matter content) and streambstability
parameters(e.g. critical shear stress, erodibility, soil cohesion, friction angle) will be collected
in-situ at eachindividual crosssection, for each individual side, as these are necessary for
model incorporation.

Additional physical measurements will be taken in the field tmitor dimensionality of sheet,
rill, and gully erosion identified as sty sites. Markers wilbhe also placed which passively
illustrate erosion, and which will be captured in UAV imagery as well. In order to alisothp
primary research objective, field and SfM measurementsh& compared to evaluate the
agreement betwea the two methods. To capture the ability thfis method to monitor erosion
over time, change detection analysis will be performed on the seres of SfM surfaces to
determine the extent and location of erosion, and monitovdlpment of additional ersion

in these research areas. Field data collected will be used tdatalchange detection analysis.
In order for an agency of other stakeholder to derive value from erosion estimates, the data
mustbe readily usable for decision making. Accordinglypvepose to evaluate the ability of
SfMerosion surfaces to be incorporated into existing models which offer predictive capacity.
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Theselected models include BSTEM and CAESMRBod. Bth models are driven by surface
elevation models and site characterts related to soil parameters. BSTEM (Bank Stability and
Toe Erosion Model) is a model developed by the National Sedimentation Laboratory in Oxford,
Mississippi (Simon et al., 2000), in order to predict streambankaéttue to both fluvial
erosionandgeotechnical failure. To model bank stability, BSTEM calculates a factor of safety
(FoSusing three different limit equilibriuamethod models: horizontal layers, vertical slices,
and cantilever shear failure. As many river management situret require iformation on the
stability of the channel banks, the use of the tool may facilitatedfoténg the effect that
changesn riparian land use, or designing new channels, may have on the stability of studied
channelsCAESAR (Cellular Automation Evolutioi&gope and Rivet)isflood (Coulthard et al.,
2012;Coulthard et al., 2013) is a downscaled landscape evolution model which has been
selected basedn its key advantages. First, using a landscape evolution model in lieu of a soil
erosion modelesults in béter simulation of fluvial erosion and deposition. Second, a
landscape evolutiomodel better represents dynamic interactions between topography, flow,
and sediment transportyhich are missed by some soil erosion models (Coultated., 2012).
Moreover, theCAESARIisflood model is free and opeource, available to anyone with the
scientificcapacity to collect the necessary data.

STATEMENT dRESULTSENEFITRAND ORINFORMATIOEXPECTED TOGEINED

The result of this resealnds a scientific validation of theceuracy of erosion calculations
derived from UAV imagery. The research serves as a-pfemdncept project to develop a
method by which UAVs could be employed for this s This project has broad ahwhitless
applicability. This is because (1) the issue of erosion is ubiquitous in mateagistapes and
(2) UAVs are immediately accessible in the marketplace to anyonesufithient (as low as
$500) funds. This research creates enabling technology for future @seadeavors and use
by stakeholders for necessary data collection to drive their decision makifity. The long
term benefits include those items previously listed under section 13. Saldetional benefits
include development of maintenance and opeoat plans for BMPgustification for continued
government and private expenditures in conservation, and redualdr costs associated with
survey tasks such as phgost-construction surveys and cut/féinalysis. In short, assessing
erosion with UAVs wald be a significant application of UAdthnology with tangible economic
benefits that could be implemented in the nearm future.

The leveraged skills of the investigators include backggieun agricultural, civil, and

environmental engineering, algnwith soil science and agromy. Each investigator has also
participated in research on water quality and the applied oEgeospatial technologies. The
crossdisciplinary research approach of this project (spegkiore academically) also fills
knowledge gaps noted in recent scientific literaturénigh call for more attention tepatially
explicitresearch on soil erosion which considers anthropogenic influences (Svoray et al., 2015),
specifically at finespatial and mediurtemporal scales (Ciampalini &t, 2012), and an

identified need (Guzman et al., 2013) for inexpensive, rapalyais approaches that quickly
process a large number of samples for trabased soil erosiontsdies. This is accomplished by
utilizing an inherentlyspatial model, and ab finerscale spatiahnd temporal erosion research,
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as the UAVs can be flown on demand (temporal) and at lotuddis (spatial); because of the
nature of the images taken, geographic informationtegss can be employed to perform
analyses on the impacf land use and management. It alsmvides an inexpensive, rapid
assessment tool which overcomes the limits of tracer studieslibyinating the need for tracer
data. This additionally fills a research gap within the technicalditlee project which alls for
more investigation into the accuracy of the proposed nueth (detailed in section 15) in
different environments (Fonstad et al., 2013; Mancini et al., 2013).

PROJECTERM AMOUNT OFUNDINGANDFUNDINGSDURCE

The term of this project is March 1, 20iFebruary 28, 2018. The total funding level of this

project is ¥5,676. Nonfederal funding is $0,4230 Cdzy RAy 3 Aa LINBPBQJGARSR (KN
Water Resources Research Grant Program.

9.4 HYDRAULINIODEL TQJPPORCONSERVATION AIRDOSYSTHNESTORATIAFFORTS
WITHIN ANMPAIREPPRIORITWATERSHED

ABSTRACT

Over the pasteveralyears, there has been an increased awareness on the part of Mississippi
Agriculture and Forestry Experiment Station (MAFES) administratobfeanlty that remedial

actions must be taken to address erosion and flooding issues associated with Catalpa Creek, the
major outflow channel and drainage system emanating from the main campus of MSU and
through the H.H. Leveck Animal Research Facilitgetieadership from the Mississippi Water
Resources Research InstityddWRI)at MSU, in conjunction with MAFES, 21 units on campus
have contributed to a comprehensive watershed management plan to restore the Red Bud
Catalpa Creek Watershed, demonstratang ! Qa | 6Af AGe& G2 o6S I £ SIF RSN
demonstration, teaching, and researdNith the recent designation of this watershed as an

EPA 319(h) priority watershed, there are expectations of monitoring and assessment on the

part of MSU. Many state agenpgrsonnel have identified a hydraulic model as a needed

planning and implementation component of conservation efforts on M@lded properties.

This research will focus on the identification, assessment, evaluation and prediction of in

stream processes witn the study watershed, so that sucthgdraulic model can be developed.

This research will generate information and tools necessary to inform targetednpdanteof

BMPs, as well as predict and monitor improvements to impairments within Catalpa Creek,
enabling future efforts in demonstration, research, and experiential learning for MSU. This
supports the mission and vision set forth in the watershed management plan which was
authored by MSU as a first step in obtaining EPA 3Xaftingfor this watershed

The P(Dr. Tim Shauweckeand CePI(Dr. Joby Czarneckor this proposal are members of the
Steering Committee for the overall watershed project. Additionally, the Ptihaw of the
Planning and Implementation Team and theRlas cechair of the Funding and Incentives
Team. The recent efforts of this niudlisciplinary team have resulted in the designation of the
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Red BudCatalpa Creek Watershed as an EPA 319(h) priority watershed, and an anticipated
award from the Mississippi Department of Environmental Quality and U.S. EPA to restore water
guality withinthe watershed. This anticipated 319(h) award represents an investment in excess
of $450,000 from MDEQ/EPA and MSU. Several documents have been established which guide
this process, among these are a comprehensive water resources management plan and this
implementation plan for the first phase of effort. This process is designed to promote MSU as
an exemplary example of functional conservation, which also provides demonstration,

research, and experiential learning opportunities.

During the first phase, 14 different NR@&scribed best management practices will be installed
at 24 locations in the headwaters of the watershed on the Leveck and Bearden research
facilities. Phase 1 installations target infield erosion sources whialesept intermittent

tributaries to Catalpa Creek. However, within the main channel of Catalpa Creek, there is a
significant problem with flooding and back flow, contributing to channel incision, streambed
outcrop, undercutting, streambank instability, ahdbidity/sediment issues. Additional
conservation efforts will be necessary to address these issues. It is the expectation of EPA
319(h) funded projects that monitoring and assessment will occur in tandem with installations
of best management practicesy shat success stories can be generated which assign economic
and ecologic value to investments in conservation. One crucial element in this process is
development of an accurate hydraulic model. This model is necessary to predict how remedial
measures wilaffect water quality impairment, and will aid in placement of best management
practices which improve morphology, biological integrity and function of the main channel of
Catalpa Creek. This model relies on identification of stressors, sediment soncckeméds, and
critical zones. Further, an understanding okineam processes (streambank undercutting and
instability, bed erosion or deposition, and sediment transport) is crucial for addressing
important mechanisms which contribute to sediment loadargl an important portion of the
sediment budget for the Red Bt@atalpa Creek Watershed. Sediments are one of the major
impairments for which this watershed is listed under the section 303(d) of the Clean Water Act,
and in order to provide the informatioMSU will be obligated to report, a hydraulic model is
indispensable.

APPROACH

This research will focus on the identification, assessment, evaluation and prediction of instream
processes within the study watershed. Specific objectives include i) to egadpatial and

temporal variation of suspended sediment transport rates, and an initial assessment of
dominant mechanisms driving sediment supply and exportation for the Catalpa Creek; ii) to
guantify instream erosion/deposition rates and determine the darons and factors affecting
those rates on different areas within the Catalpa Creek watershed; and iii) to assess the
application of the computational model Hydrologic Engineering Center River Analysis System
(HEGRAYS), to predict #stream processes aevelop a sediment budget within the Catalpa

Creek watershed. To address the research objectives, the present research will undertake three
sub-studies using a combination of methods including field reconnaissance and detailed data
collection, laboratory malysis, and channel modeling in order to assess the actual contribution
of in-stream processes to sediment loads within Red BueCatalpa Creek Watershed.

Implementation Plan for the Red B@étalpa Creek Watersh&hase 1_2/28/17 52



Substudy 1.Analysis of spatial and temporal variation of suspended sediment transport rates
andinitial assessment of dominant mechanisms driving sediment supply and exportation for the
Catalpa Creek.

Automatic water samplers will be sap at three different locations along the main channel
(upper 4 miles) to collect stormflow water samples andavdlow velocity and depth
measurements. Routine base flow grab samples will be collected weekly from at least 15
locations along the main channel and tributaries of the Catalpa Creskultesting will include
the assessment of the physahemical (3., pH, temperature, total dissolved solids, dissolved
oxygen concentration) and hydraulic (e.g. flow velocity and depth) characteristics of the flow.
Grab samples will be subjected to laboratory analyses at the Kelly Gene Cook Environmental
Lab to determme suspended sediment concentrations and turbidity of all collected water
samples. Relationships between flow discharge and sediment loads (sediment rating curves)
will be constructed and related to the stage of channel evolution as proposed by Simor). (1989
Relationships would bring an initial indication of the spatial variation in suspended transport
efficiency along the creek and trends and possible mechanisms along the creek (e.g. streambed
erosion, streambank erosion, aggradation) driving sediment lsugapd exportation. Because
many of the erosion problems within Catalpa are driven by management practices which
remove beneficial vegetation, vegetative cover is perceived to play a pivotal role in regulating
sedimentsupply. Thus, another avenue of datallection under this suistudy will be to assess
the relationship between vegetative cover and streambank erosion. Vegetative covernn a 1
wide belt transect, running parallel to each confluence of tributary and main channel, will be
quantified in Febrary, June, and October to observe and monitor community competition.
Multivariate and canonical correspondence analysis will be used to determine the relationships
between soil characteristics, vegetative cover, and streambank erosion.

Substudy 2.Assessent of instream erosion or deposition rates on periodically surveyed cross
sections on the incised streambanks along the 4 miles channel reach and main tributaries.

Approximately 18 crossection transects will be initially surveyed along the upper lésmon

the main channel by using a Real Time Kinematic (RTK) GPS system (TOPCON Hiperlite Plus) at
the beginning of the study. Selected cross sections will include at least 20 transects considering
active and stable streambanks. Transects will be resud/efter a stormflow event occurs. The

depth of streambank widening or contraction will be estimated for each survey and related.
Volume and mass of eroded streambank and streambed material will be assessed by comparing
cross section changes in differentsafrveying dates. A total annual load will be estimated
considering individual transects and the entire reach in evaluation.

Substudy 3.Assess the application of the computational model-REBG, to predict atream
processes and develop a sediment leidgithin the Catalpa Creek watershed

The computational model HERAS will be evaluated (calibrated and validated) on the surveyed
reach segment to assess model performance and capability to simulate temporal and spatial
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streambanks and streambed changa®l sediment transport along the entire studied reach.
The model will be setup using information collected from-Stalies 1 and 2. Additional
information, such streambank and streambed material characteristics (e.g. particle size
distribution, bulk dengy, organic matter content) and streambank stability parameters (e.g.
critical shear stress, erodibility, soil cohesion, friction angle) will be collectsitLimt each
individual cross section, for each individual side. The calibrated model couldtee fer
proposed stabilization scenarios on most active streambanks. A sediment budget will be
assessed by using the subroutine SIAM included IrRIEL

ANTICIPATEDUTCOME

This research will generate information and tools necessary to inform targéseeément of

best management practices, as well as predict and monitor improvements to impairments
within Catalpa Creek, enabling future efforts in demonstration, research, and experiential
learning for MSU. The generated information and calibrated modébeian important piece

in the overall londerm goals of developing a stream restoration design which improves stream
morphology, biological integrity and function of the Catalpa Creek. In addition to the hydraulic
model, the vegetation information coliéed can also be used to develop management goals
and timelines for riparian habitat restoration along the main channel. This supports the mission
and vision set forth in the watershed management plan which was authored by MSU as a first
step in obtainingePA 319(h) status for this watershed.

POTENTIAMPACT

First and foremost, this project is intended to be a step towards remediatipgirments,

protecting soil and water resources, and restoring the ecosystem services of Catalpa Creek and
its tributaries on MSkbwned properties and private lands. Beyond the obvious, this project, as
conceptualized, creates significant opportunities for MSU. These include takingisative to
mitigate a documented water quality problem rather than allowing the prabte persist and

risk the potential for an externallgnandated solution; creating opportunities for significant

federal, state and private investment into the project; generating new opportunities for applied
research to develop innovative approaches taleess water resources challenges; highlighting
a{!Qa OFLIOAGE Ay GUKS 41 GSNJI NBSa2dzNOSa NBaidz2N
policymakers; and developing innovative experiential learning activities for students and
educators Additionally, the jpoject will create experiential learning opportunities for four
undergraduate students.

PROJECTERM AMOUNT OFUNDINGANDFUNDINGSOURCE

The term of this project is Januaryecember 31, 2017. The funding level of this project is
PooXonn® CdzyRAYy3a A& LINRPJOARSR GKNRdAK a! C9{Q {
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9.5 ASSESSIN®ILEROSION WITHNMANNEAERIAMEHICLES FERECISIONONSERVATION

ABSTRACT

Soil erosion is a primary conservation concern due to impacts to soil health, land productivity,
and surface water quality. Despite the increased implementation of conservation practices on
the landscape, erosion remains a threat to agriculturaitainability. To fill a knowledge gap in

the body of work on soil erosion, an unmanned aerial vehicle (UAV) will be utilized to perform
Structure from Motion (SfM) analysis and monitoring of erosion over the course of the study
period. Structure from Motia is a technique which relies on the concept of parallax to estimate
3D surfaces from 2D images. An investigation is proposed to be performed at local MAFES
Research locations, including Foil, Andrews, Bearden, and Leveck research centers. All locations
have drainage ditches and additional areas of the property which exhibit erosion, evidenced by
channel incision and sidewall cutting; in some cases this erosion is quite substantial. SfM
surfaces will be examined using change detection analysis, as wetidsdimg approaches, to
validate the use of UAvYD0llected SfM data as a tool for quantifying erosion. Additional field

data will be collected to validate SfM 3D surfaces and model outputs. This@kaohcept

study addresses the need for more spatiadiplicit erosion research and also provides an
inexpensive, rapid assessment tool which overcomes the limits of tracer studies. This project
has broad and limitless applicability with few barriers to transferability, and should a successful
outcome be achiesd, the method could be widely adopted.

RELEVANIBACKGROUND

Soil erosion is a primary conservation concern due to impacts to soil health, land productivity,
and surface water quality. Many best management practices (BMPs) are advocated for either
reducingerosion (e.g. cover crops, reduced ortilbfarming) or trapping resultant sediment in
runoff (e.g., vegetated buffer strips, slotted inlet pipes). Despite the increased implementation
of BMPs on the landscape, erosion remains a threat to agricultusthisability(Montgomery,
2007) Quantitatve studies on erosion are necessary to provide a basis for effective
conservation and land management strategi€sizman et al., 2013)

This research proposal is motivated by several knowledge gaps noted in recent scientific
literature. In short, more attention must bewgn to spatiallyexplicit research on soil erosion
which considers anthropogenic influences, such as land use and managEweray et al.,

2015) specifically at finspatial and mediunrtemporal scalegCiampalini et al., 2012Mt the

same timeGuzman et al. (2013Jentified a need for inexpeng&, rapid analysis approaches

that quickly process a large number of samples for trdu@ed soil erosion studies, noting that
tracer studies are currently hampered by the uncertainty associated with the conversion of
tracer concentration into erosion ras. The proposed research supposes both knowledge gaps
can be addressed with Structure from Motion (SfM) techniques and downscaled landscape
evolution models.
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APPROACH

An investigation is proposed to be performed at local MAFES Research locationsninEliti
Andrews, Bearden, and Leveck research centers. All locations have drainage ditches and
additional areas of the property which exhibit erosion, evidenced by channel incision and
sidewall cutting; in some cases this erosion is quite substamied(! Reference source not

found.). Additionally, these locations are subject to a diverse mix of land management practices
due to their use as researdhcilities for a variety of different applications. This offers an
opportunity for multiple investigations into the role management plays in preventing or
promoting erosion.

¢Fr1AYy3a FTRGFYyGlI3IS 2F a{! Qa Ay@dSailyYDgiilizadyo | ! +
perform SfM analysis and monitoring of erosion over the course of the study period. Structure
from Motion is a technigue which relies on the concept of parallax to estimate 3D surfaces from
2D images. This technique has more recently besomplished with unmanned aerial vehicles
(UAV) to create digital surface models. Data are taken with a significant (70%) frontal and side
overlap between successive images to create a dense point cloud of images. Identifiable
structures in each image (g, telephone poles, plot markers, sewer caps) are used to align the
images properly. Geographic coordinates for these structures can be used to further increase
the accuracy of the alignment, thus target research locations will be marked and geotagged
appropriately. At present, SfM is gaining acceptance as aclost alternative to other methods
which estimate surface topography (e.g., LIDAR, terrestrial laser scanning). To perform the
proposed research, SfM surfaces will be created for locations over @mange detection

analysis will be performed on the time series of SfM surfaces to determine the extent and
location of erosion, and monitor development of additional erosion in these research areas.
Field data will be collected to validate change detattanalysis.

Recently SfM was evaluated for its potential to estimate bank erosion in agricultural drainage
ditches and results were favorable for the use of SfM to not only identify eroded areas, but also
to quantify sediment erosion and deposition volaa{Prosdocimi et al., 2015 order to

evaluate deposition and movement, StMta will be utilized with the Cellular Automation
Evolutionary Slope and River (CAESA®pod mode(Coulthard et al., 2012; Coulthard et al.,
2013) a downscaled landscape evolution model. Although there are multiple model options
available, this specific model has been selected based on three key advariagesising a
landscape evolution model in lieu of a soil erosion model results in better simulation of fluvial
erosion and deposition. Second, a landscape evolution model better represents dynamic
interactions between topography, flow, and sediment tsgiort, which are missed by some soil
erosion modelgCoulthard et al., 2012 hird, CAESARsflood has low initial input variables,
requiring only a digital elevation model, rainfall data, and soil particle size. SfM will be used to
derive the digital elevation model, rainfalath will be gathered with rain gauges which will be
instrumented onsite, and field data will be taken to obtain soil particle size. Additional field
data will be collected to validate SfM 3D surfaces and CAESAsbd model outputs.
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This proofof-conept study addresses the need for more spatigiiplicit erosion research by
utilizing an inherenthspatial model, and also finer spatial and temporal scale erosion research
because the UAVs can be flown on demand (temporal) and at low altitudes (sgaaddp

provides an inexpensive, rapid assessment tool which overcomes the limits of tracer studies by
eliminating the need for tracer data. Additionally, because of the nature of the images taken,
geographic information systems can be employed to penfanalyses on the impact of land

use and management.

ANTICIPATEDUTCOME

With this approach, MSU will be uniquely positioned to conduct future research endeavors into
precision conservation (i.e., strategic placement of BMPs on the landscape for maximum
conservation benefit). It will also be possible to provide monitoring and assessment of BMP
efficacy for multiple types of BMPs, allowing MSU researchers and extension personnel to assist
agency personnel and landowners with precision placement of BMPguardification of
conservation outcomes from BMP installation. This information is crucial for development of
maintenance and operation plans for BMPs and also to justify continued government and

private expenditures in conservation. This study will alwes as a proof of concept for the use

of UAVs, and specifically SfM, to supply necessary input data ateokivior models requiring
spatiallyexplicit topography data.

POTENTIAMPACT

This project has broad and limitless applicability. THetause (1) the issue of erosion is
ubiquitous in managed landscapes and (2) UAVs are immediately accessible in the marketplace
to anyone with sufficient (as low as $500) funds. Moreover, the CAESA®bd model is free

and opensource, available to anye with the scientific capacity to collect the necessary data.
Thus there are few barriers to transferability, and should a successful outcome be achieved, the
method could be widely adopted.

Speaking more practically, beyond the agriculture need, dntlee shown that the accuracy of

SfM surfaces is sufficient, the engineering industry could greatly reduce labor costs associated
with survey tasks such as phgost-construction surveys and cut/fill analysis. This could include
mining and restoration actities as well. This would be a significant application of UAV
technology with tangible economic benefits that could be implemented in the-texan

future.

PROJECTERM AMOUNT OFUNDINGANDFUNDINGSOURCE

The term of this project is JanuanDEcembe 31, 2017. The funding level of this project is
PMTXIdpyn® CdzyRAy3a A& LINPOPARSR GKNRdIzZAK a! C9{Q
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9.6 MONITORINGIMELINE

Table 96.1 describes the proposed monitoring timelgie

Table 96.1 Proposed Monitoringand ModelingTimeline

A. Preand PostBMP Implementation Monitoring

Performance Date

Activity

Months 13 Monitoring System Installation
Months 1:12 PreBMP Implementation Monitoring (all locations)
Month 12 Annual Report Submittal

Months 1324

BMPImplementation¢ Cease Monitoring during Construction

Months 2536

PostBMP Implementation Monitoring (all locations)

Month 36

Annual Report Submittal

Month 36

Final Report to MDEQ/EPA

B. Assessing and PredictingSimeam Processes in the Catalpeeek Watershed

Task 3/17 | 4117

5/17 | 6/17 | 7/17 | 8/17 | 9/17 | 10/17 | 11/17 | 12/17 | 1/18

2/18

Initial Survey

Stream Recon

Auto Mon Setup

Grab Sampling

Auto Sampling

Lab Analysis

X-Section Resurvey

BanksBed Charact

Data Analysis

Model Stup/Cdib

Sim Restoration
Senarios

Reporting

Info Transfer**

C. Applied Use of Unmanned Aerial VehitzieSurface Water Protection

Task 3/17 | 4/17

5/17 | 6/17 | 7/17 | 8/17 | 9/17 | 10/17 | 11/17 | 12/17 | 1/18

2/18

Baseline Grvey

Baseline kght

Monitoring Hight

Monitoring Survey

Post Fight

Data Analysis

Reporting

Info Transfer*

D. Hydraulic Model to Support Conservation and Ecosystem Restoration Efforts within an Impaired, Priority Watershed

Performance Date

Activity

TBD

TBD

E Assessing Soil Erosion witlhmanned Aerial Vehicldsr Precision Conservation

Performance Date

Activity

TBD

TBD

* Resurvey will be completed when stormflow events occut Combines MWF and NSL trainings amatkshops, academic
courseStream Reconnssance(Fall 2017). Also considers presentation of results at MWRRI Conference in April 2018.
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9.7 GOORDINATION LEVERAGING.AN

A key strategy of the Catalpa Creek Watershed Restoration & Protection Project and DREAMS
(Demonstration, Research, Education, Application, Management and Sustainability) Center is
the coordination of activities antéveraging of resources. Thed monitoring and modeling

projects described in this section are being funded contemporaneously which will allow for the
potential coordination and leveraging of these projects to achieve the maximum benefit for the
awarded fundingand execution of tis plan.Tabk 9.8.1is an analysis of this potential
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Table 97.1

Project Coordinatio& Leveraging\nalysis

Project

SR} Hydraulic Model

MWRR} Streambank Erosion

SRk SfM Accuracy

MWRRK SfM Best Practice

Time Frame

Jan 1, 201¢ Dec 31, 2017

Mar 1, 2017 Feb 28, 2018

Jan 1, 201¢ Dec 31, 2017

Mar 1, 2017 Feb 28, 2018

No Cost Extension

N/A

6-12 months

N/A

Students Team

Up to 4 undergrads
(1 LAC, 1 CEE, 1 ABE, 1WF/FO)

1 gaduate (2 years)
1 researchassociate (25%)

2 undergrads

2 undergrads

StudentWork

Cross section surveying

Cross section surveying

Cross section surveying

Grab sampling

Grab sampling

Vegetation surveying

Material sampling

Lab analysis Water lab analysis Water lab analysis
Materials lab analysis Materials labanalysis Materials lab analysis
Soil cores and composition
analysis
Modeling Modeling Modeling
Field/Lab Tasks UAV UAV

Assessment sediment yield main
stream F'year

Assessment sediment yield tributarie
stream/tributaries 2 or more years

Assessment upland erosion and
incoming loads

Assessment streambank erosion
rates main stream®lyear

Assessment streambank erosion rate
main stream and tributaries 2 or mor
years

Characterizing streambank and
streambed material

Characterizingtreambank and
streambed material

Site characterization

Characterizing vegetation

Monitoring of study sites

Monitoring of sentinel sites

Significant field measurements fo
accuracy comparison

Modeling Tasks

Hydraulic modeling maistream
(HECRAS)

Hydraulic/channel evolution modelin
(CONCEPTS in HERS)

Assessment sediment budget ma
stream F'year (SIAM in HERAS)

Assessment sediment budget main
stream/tributaries (SIAM in HERAS)

Deposition and removal of
sedimentover long time horizons

Change detection

Develop a method and accuracy
rating for use of SfM surfaces in
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typical models (e.g., CAESAR
LisFlood, BSTEM)

Stream Restoration Scenarios

Field Equipment 3 autosamplers main stream 3 autosamplers tributaries instead of| None 11SCO??
Deployed 3 autosamplers main stream
Laboratory Testing | Automatic sampling
and Analysis TSS TSS TSS
Grab sampling
TSS TSS
Turbidity Turbidity
pH pH
Electric conductivity Electric conductivity
Salinity Salinity

Material sampling

Particle size distribution

Particle size distribution

Particle size distribution

Particle size distribution

Bulk density

Bulk density

Bulk density

Cohesion

Cohesion

Friction angle

Friction angle

Jet testing

Jet testing

Principal Investigators (PIs) and cooperators fonadldf the projects aranembers of both the Planning and Implementation Team and the
Hydrology/Modeling Work Giup for the overall projectanddevelopmentof these individual monitoring projects/proposaiss conducted

through collaboratioramong these members.
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9.8 MONITORINGNDMODELINBUDGEFORPHASEL PROJECT
Table 98.1 identifies the proposed monitoring budget.

Proposed Monitorireand Modelin@udgetfor All Phase 1 Projects

Table98.1

A. Preand PogBMP Implementation Monitoring ((Funded by 319 NPS Award)

Category Fedezﬁlpggg)'buuon Match Total
Transportation of Samples to Jackson $2875
Equipment (6 samplers/flow meters) In-kind
Supplies (samplingigs/labels) 600
Undergraduate Stipend 10000
Nutrient Analysis TBD
Microbial Analysis (10/sample x 10) 1200
Total $14675 $9783 $24458
. Assessing &PredictifgtteaniProcesses in the Catalpa Cr Watershed (Funded by
B. A ing &Predictirgtiaani in the Catalpa Cr W hed (Funded by MWRRI/USGS 104b A
Federal State/MWRRI MSU/3¢ Party
Category Contribution(USGS) Contribution Contribution Total
Direct Costs $21663 $10043 14998
Facilities and Administrative Cost| 0 4570 15544
Total $21663 $14613 $29542 $65818
*C. Applied Use of Unmanned Aerial Vehicles in Surface Water Protection (Funded by MWRRI/USGS 104
Federal State/MWRRI MSU/39 Party
Category Contribution(USGS) Contribution Contribution Total
Direct Costs $15253 $5568 $10571
Facilitiesand Administrative Costs 0 9474 4814
Total $15253 $15042 $153% $45630*

D. Hydraulic Model to Support Conservation and Ecosystem Restoration

(Funded by MAFES)

Efforts within an

Impaired, Priori

Federal

State/MWRRI MAFES

Category Contribution Contribution Contribution Total
Salaries $20800
Commodities 12500
Total 0 0 $33300 $33300
E Assessing Soil Erosion with Unmanned Aerial Vehicles for Precision(BamndedviyidnAFES SRI Award)
Category Feo.lera.l State/MW.RRI MAFE.S Total
Contribution Contribution Contribution
Salaries $14780
Commodities 3200
Total $17980 0 0 $17980
Total Monitoring and Modeling Budget
F r ntribution Other (319 NP®/atch, State/MWRRI,
Category gig SIESO, Lthtéué,OSR (MSU/3d Party, MAFES) Total
Total $69571 $11766% $1872%

*These 104b awards are not eligible for match under section 319 as they have already been allocated unseumlifferent funding
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10 GONCLUSION

In conclusion, thismplementation Plan for the Red BGdtalpa Creek Watershed Phase 1

describes the specific initial management activities planned for the RedCBtalpa Creek

Watershed Restoration and Protection Project and addresses the comments made by MDEQ

and EPAasdB a dzf & 2 F S @ wWatelzRasduzes Mandgenaefit Plendor the Red Bud
Catalpa Creek Watershelahcluded in thidPhase Jlan are descriptions of the recommended

9t ! Sl GSNBKSR LI FYyyAy3d LINRPOSaa (KFKG gFa F2tf2
prioritized critical management areas, proposed agricultural BMPs and urban storm water

planning activitiesinformation and @ucation planimplementation schedulaneasurable

milestonesand project outcomegmonitoring plan, budgets for these activities, and input from
watershed stakeholders.
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Appendix A

NRCS Conservation Specifications for Phase | Best Management Practices

Cost are most currently available to MDEQ as of February 15, 2017

Red Bud-Catalpa Creek Watershed Phase 1 BMPs
Practice | Site # Total Unit SizéUnit| Unit CostBMP Cost60% of BMP Co
CRITICAL AREA #1 Beef Unit Conservation Practices
561-Heavy Use Area Protection 1f 4500 sqft $1.27] $5,715 $3,429
561-Heavy Use Area Protection 19 4500 sqft 1.27] $5,715 $3,429
576-Livestock Shelter Structure 2m 1000 sqft 3.94  $3,94Q $2,364
576-Livestock Shelter Structure 2p 1000 sqft 3.94  $3,94(Q $2,364
576-Livestock Shelter Structure 2Q 1000 sqft 3.94  $3,94( $2,364
512-Native Grass Planting 5a $1,693 $1,014
382-Fencing 6a 2200 ft 3.03] $6,666 $4,00d
342-Critical Area Planting (Heavy) 3f-sites around fenceg $1,107 $664
Bank Stabilization West Line Road $52,654 $31,592
Estimated Total for Critical Area #1 $85,37¢ $51,223
CRITICAL AREA #2 Beef Unit Conservation Practices
561-Heavy Use Protection 1j 38345 sgft 1.27| 48698 29219
561-Heavy Use Protection 1k 30600 sqft 1.27 38862 233117
342-Critical Area Shaping/Grading (Heavy)/3d 1 acre 2214 1328
382-Fencing 6b 950 sqft 3.03 2879 1727
410-Grade Stabilization Structure 7a 6000 3600
410-Grade Stabilization Structure 7b 6000 3600
410-Grade Stabilization Structure 7c 6000 3600
410-Grade Stabilization Structure 7d 10000 6000
Estimated Total for Critical Area #2 120653 72392
CRITICAL AREA #3 Dairiy Unit Conservation Practices
342-Critical Area Planting (Heavy) 1la 1 acre 2214 1328
410-Grade Stabilization Structure 12a 10000 6000
382-Fencing 13a 5800 ft 3.03 17574 10544
391-Riparian/Forest Buffer 1l4a 7.5 acre 3979 2387
578-Stream Crossing 15a 1000 sqft 4.44) 4440 2664
578-Stream Crossing 15b 1000 sgft 4.44 4440 2664
578-Stream Crossing 15c 1000 sgft 4.44) 4440 2664
Estimated Total for Critical Area #3 47087 28257
BMP Total All Critical Areas 24 BMP sites $253,11( $151,864
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Streambank Stabilization Site West Line Road

Materials Quantities Unit Cost Total Cob
Rock Riprap 325.0 Tons $120/Ton $39,000
Concrete Grout 19.0 Cu. Yd. $250/Cu. Yd. $ 4,750
Geotextile 476.0 Sq. Yd. $4/Sq. Yd. $ 1,904
Excavation 300.0 Cu. Yd. $10/Cu. Yd. $ 3,000
EarthFAill 200.0 Cu. Yd. $20/Cu. Yd. $ 4,000
$52,654
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Appendix B

Implementation Plan for the Red Bi@htalpa Creek Watershed Phase 1
Cumulative Bdgetfor 319 NPS Award

A. Phase 1 BMP Implementatiétunded by 319 NPS Award

! Estimated 2319 NPS
Costs to Fully | Eligible Funding SMatch
NRC®ractice Site # Implement (60% of Costs tg Requirement
BMPs (100% | Fully Implement
Basis) BMPs)
Critical Area #& Livestock Forage Area
561¢ Heavy Use ProtectiofBeef Feeding Area) 1f $5715 $3429
561¢ Heavy Use ProtectiofBeef Feeding Area) 19 5715 3429
576¢ Livestock Shelter Structure 2m 3940 2364
576¢ Livestock Shelter Structure 2p 3940 2364
576¢ Livestock ShelteBtructure 2Q 3940 2364
512¢ Native Grass Planting 5a 1693 1016
382¢ Fencing 6a 6666 4000
342¢ Critical Area Planting (Heavy) Around 1107 664
fences
Bank Stabilizatiofper NRCS engineering West Line 52654 31592
design) Road
EstimatedTotal¢ Critical Area #1 $85370 $51222 $34148
Critical Area #2 Beef Research Unit
561¢ Heavy Use Protection (Concentrated 1j $48698 $29219
Operations)
561¢ Heavy Use Protection (Beef Runway) 1k 38862 23317
342¢ Critical Area Shaping/Grading (Heavy) 3d 2214 1328
382¢ Fencing 6b 2879 1727
410¢ Grade Stabilization Structure (Standard 7a 6000 3600
Cantilever)
410¢ Grade Stabilization Structure (Standard 7b 6000 3600
Cantilever)
410¢ Grade Stabilization Structure (Drop 7c 6000 3600
Pipe/Riser)
410¢ Grade Stabilization Structureheck Dams) 7d 10000 6000
EstimatedTotal¢ Critical Area #2 $120653 $7230 $48261
Critical Area #8 Dairy Grazing Area
342¢ Critical Area Planting (Heavy) 1la $2214 $1328
410¢ Grade Stabilization Structuteheck Dams) 12a 10000 6000
382¢ Fencing 13a 17574 10544
391¢ Riparian/Forest Buffer 14a 3,979 2387
578¢ Stream Crossing 15a 4440 2664
578¢ Stream Crossing 15b 4440 2664
578¢ Stream Crossing 15c 4440 2664
Estimated Totag Critical Area #3 $47087 $282%2 $18835
EstimatedTotal¢ CriticalAreasl, 2, & 3 | 24 Sites $253110 $1518® $101244
*Rounding may result in slight differences between column totals and multiplication products.
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B. Phase 1 Information and Educatleimded by 319 NPS Award

. 3Match
Category Activity 60% of Cost Requirement
Salaries
Project Oversight $4732
Summer Intern/Project Assistance $12079
Commodities
Trailer Repairs $1000
BMP Signage 3000
MSU ClassasEducational Materials 4500
Field Day for&calSchoolsg¢ Materials and Support 2000
Profession Development: NRCS Training 5000
Educator Workshop 2500
In-Service Training: Extension Agents 1000
Watershed Management Workshop 500
adzy AOALI £ [ SIFRSNBQ 2 2NJ 250
Publication Costs; Educational Materials, Surveys 3000
Contractual
| Virtual field trip development $13900
Estimated Totat Information and Education ~ $89102 $53461 $35641
C. Phase Monitoring Funded by 319 NPS Award
ProjectNeeds PreBMP. PostBMP. 60% of Costs* 3M_atch
Implementation | Implementation Requirement
Transportation of Sample® Jackson $1438 $1438 $2876
Equipment (6 samplers/flow meters) In-kind In-kind In-kind
Supplies (sampling jugs/labels) 300 300 600
Undergraduate Stipend 5000 5000 10000
Nutrient Analysis TBD TBD TBD
Microbial Analysis (10/sample x 10) 600 6000 1200
EstimatedTotal¢ Monitoring $24458 $14675 $9783
D. Administrative Management (Indirect) Costsxded by 319 NPSward
20% Admin Management (Indirect) Costsn Projects Total of $220,002 | 44000 | $29333
Total Phase 1 Project Costs Funded by 319 NPS Award
Total Estimated | ©60% of Costs 3Match
Costs Requirement
A. Phase 1 BMP Implementation $253110 $151866 $101244
B. Phase 1 Information and Education 89102 53461 35641
C. Phase 1 Monitoring 24458 14675 9783
D. Phase 1 Administrative Management (Indirect) Cog 73333 44000 29333
Estimated Total Phase 1 Project Costs $440003 $264002 $176001
*Rounding may result islight differences between column totals and multiplication products.
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Total Phase 1 Budgahd Investmenfll Projects
Non-Federal
Federal Contribution
. Contribution (319 NPBMP
Funding Sources (319 NPS, USGS Match, Total
MAFES, SR 7 State/MWRRI,
MSU/39 Party,
MAFE$
MDEQ/EPA&19 NP®rogram $264000* $176000* 4400@*
MWRRI104b Wate Research Grant Prograf@ grants) 36916 74582 111498
MAFES%pecial Reearch Initiative Grant Program 17980 33300 5128
$318896 $283882 $602778

*Roundedamounts were used in wring the 319 grant.

! ESTIMATEIDOSTS TBULLMMPLEMENBMPS(100%BASI$. The cost estimates provided by NRCS for these
BMPs are based updhe FY2016 USDA/NRCS Base Cost Estimate and apply to agricultural producers
that havebeen farming for more than 10 years and do not qualify as a Beginning Farmer, Limited
Resource Farmer, or a Socially Disadvantaged FaiimeBase Cost Estimate, compiled by USDA/NRCS
for Mississippi, Arkansas, and Louisiana, is a combined average timstt@shat typically represents

50% of the costs to actually implement the practice in these three States. The estimated costs to fully
AYLX SYSyd GKS tKFaS m .ata fAaGdSR Ay GKS LINBOSRAY
Base Cost Estimai¢ 2).

2 319H.IGIBLEEUNDING60%0FCOSTS TBULLMMPLEMENBMPS). These costs represent 60% of the
estimated costs to fully implement the selected BM®kich is he amount that is eligible for a 319 NPS
funding award (pursuant to other program regetinents).

3 319IN-KINDMATCHREQUIREMEN®0%OFIMPLEMENTATIOROSTS 319 NPS funding requires a 40% match
(in-kind services or monetary contribution). It is anticipated that MSU will contribukeénich services to
install the designated BMPs andver this requirement.

4 FENCINGREQUIREMENTSJSDA/NRCS handles requests from agricultural producers that desire to

substitute wooden post with metal pipes, angle iron, etc. by first requesting from the producer what is

desired for braces, Hraces, cner posts, and line (pull) posts. This information is then provided to the
USDA/NRCS State Grazing Land Specialist for consideration of a waiver to use the materials desired by

the producerNormally, MDEQ requires that conservation practices implementeter 319NPSunds

follow USDA/NRCS practice standards and specificatioBsOF dza S 2 F (KA &AX a59vQa I L
be required in the event a waiver is requested.

® 20%ADMINISTRATIVIZIANAGEMENEINDIRECQICOSTS MDEQ and MSU have negotiated an indirect rate of
20% of thetotal project components eligible for 319PS funding$220,0020 2 2 FFaSd a{ | Qa
administrative management costs. This amount4d4,$0Q

6319NPHLIGIBLEDSTS COSTS ELIGIBLE FRIFONPSFUNDNG SUPPORT
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Appendix C
Input Received During 9/28/15 Evening Meeting
of Catalpa Creek Watershed Stakeholders

Presentation to Stakeholders

i Catalpa CreeRestoration and Protection Projeantd Watershed D.R.E.A.M.S. Center

Questions Asked tBtakeholders

1 What water or ecosysterelated concerns do you have in the Catalpa Creek
Watershed™How are you being affectéd

1 What would you like to see addressed through this proj&trat are your priorities?

1 What challenges or barriers will this projdate?What are your ideas to overcome
these?

1 Would you like to become involved in this projettavhat way?

1 What agricultural landowners might be interested in eelare opportunities to reduce
erosion from your lands?

1 What agricultural landownemnight be interested in cosshare opportunities to
improve the ecosystem and habitat on your lands?

1 What governmental entities are interested in supporting this project?

1 What opportunities are you aware of that could be leveraged with this projétt@
would be the contact?

1 Are there statements or other comments you would like to make about this project?

General Stakeholder Thoughts and Comments

f 2 KFG Aa Gi%os ofchbidddiZatior K

¢ Evaluate land use changes over time

¢ Research railroad constructio

¢ wWSASEFENDODK . 2FNR 2F {dzZLJSNDBAA2NBQ YAydziSa
1 Tributarystreamsneed to be identified to assist stakeholder identification.
1 There is great potential for fisheries because of soil/water quality.

¢ Good fisheries currently exist in some reaches of Catalpa Creek.

¢ Doctoral and other fisheries research characterization data exists (past MSU

project with MDEQ funding).

Stakeholder Gncerns(and Selected Responses)

1 Sources of debris and contaminants from upstream
1 Cropping near creek sides (certain sections of tleek has a limestone base)
1 Fishing pressure (trespassing)

¢ Potential impact on private property along creek
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1 Will there be site visits to properties?
¢ Response: No mandate exists for these voluntary financial assistance programs.
bw/ { 6Aftf LINRPGDARS |aaraidlyoOoS Ay NBalLRya
will assess its landholdings to identify any pollutant sources and restoration
needs.
1 Wil streambuffers/BMPs be implemented on MSU property?
¢ Response: MSU/MAFES administration is very keen in making improvements in
water quality, habitat/ecosystem health, and stream structure/function.
Contamination of water from MSU dairy
Education and funding meled to assist private landowners implement BMPs
Dead animal bones (no meagapparent intentional disposal near creek
Algal blooms
Invasive species
MSU Master Plan elements may not be feasible or implementable (e.gfpb06tream
buffers, coverectulverts).
¢ Response: This is an opportunity to integrate urban storm water management
concepts identified in the Master Plan and agricultural watershadged
planning, and to advance these integrated approaches through implementation
actions.
1 Stream bak erosion and loss of riparian zone

= =4 4 -4 -8 -4

How Stakeholders Are Being Affected

1 Loss of streamside trees due to bank failure
1 Decreased fishing quality/experience

Needs

1 Funding

91 Costshare opportunities (e.g., NRCS)

f Involve all stakeholders and keep thiseveiy YSSGAyY 3 LI NI AOALNI yia
future.

Solutions

1 Make CF22 cost share program available through local SWCD/NRCS office for
streamside buffers.

Partnerships/Leveraging

1 City anticipates upgrades to storm water infrastructure over the next Hdsyeear
headwaters at Oddfellows Cemetery and Cotton District.

1 Facilitate education opportunities for city officials to learn available storm water options
and coordinate planning with MSU.
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1 October 19 2015¢ Charrette at Starkville Sportsplex for stakeholder input as part of
dzLJRI GS G2 /A0eQa LIXlIyI gKAOK AyOfdzZRSa aiz2N
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AppendixD

Determination of Managemerreas of Concern
to Establish Best Management Practices within the Catalpa Qvegdrshed

Identification of managemerdreas of concermcludes the assessment of soil erosion and the
determination of existing and target nutrient loads. As the first procedure identifies more
detailed areas of management, the second brings resultseatevel ofsub watershedThe

upper 4 miles of the main stream were identified as a critical management zone to control in
stream processes. Definition of this area comes from visual identification and professional
judgment.

Generalities Soils withinthe Catalpa Creek watershed are moderately well drained along most
of the major part of the northern area of the watershed, where the higher slopes are observed
and the soils could store up to 3 cm of water. This last condition makes the soils have aamediu
to high runoff potential during periods of continuous stormflow events.

Along the southern area and some areas along the northeastern part of the watershed,
somewhat poorly drained soils are predominant with a capability to store up to 5.25 cm of water.
Hydrologic soil groups C and D are predominant for the entire watershed, which combined with
the very high capability of the soils to retain soil moisture andobee and remain in saturation,
makes the runoff potential along these areas range from medwnery high.

Land Slope (%) and Runoff Paths

Legend

Runoff Paths
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Land Slope and Runoff Accumulation Paths within the Watershed
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Water Stored by Soil at a Depth of 25 cm

Legend

Water Stored by Scil at 25 cm
cm of water
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Drainage Class
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Hydrologic Soil Group

Legend
Hydrologic Soil Group
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Flood Frequency

Legend
Flood Frequency
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ManagementAreas of Concerfor Soil Erosion Control

Management areas of concefar soil erosion control within the Catalpa Creek watershed were
determined based on the assessment of annual soil erosion rates (A) by using the RUSLE2
algorithm (A=RKLSCP) on a geographical information system (ArcGIS). The erosion rates were
generated or the different areas of the watershed, by combining information about

predominant land cover/land use (C factor), the susceptibility of each soil map unit to be
eroded (K factor), the topographic characteristics of the fields (LS factor), and assuming no
management practices are currently performed in the area (P=1). The factor relating the energy
of the precipitation (R) was obtained by using the rainfall erosivity calculator tool from EPA for
the area of study.{ttp://www.epa.gov/npdes/rainfallerosivityfactor-calculatorsmalt
constructionsites#getTogl

Once the annual erosion rates are estimated, they are compared to the soil loss tolerance (T)
for each soil map unit. The T factor is defined as the maximum rate of annual soil erosion that
will permit crop productivity to be sustained economically and indefinitelyheland. The T
factors are integer values from 1 through 5 tons/acre/year. Theekivis for shallow or fragile
soils, and the highest is for deep soils that are least susceptible to be degraded by erosion.
Areas with annual erosion rates higher than the soil loss tolerance are included in the list of
critical management zones for seilosion control.

Soils within the watershed are mostly medium textured to fine soils with moderate to high
susceptibilityfor erosion. This is reflected the distribution of the values of the soil erodibility
factor (K) within the watershed, which mogtlange from 0.24 to 0.48, reflecting soils

moderately susceptible to detachment and they produce moderate to very high runoff. Most of
the soils within the watershed (84%) have a predominant soil loss tolerance (T) higher than 4
ton/acrel/year.

The highst soil loss tolerance rates for the soils in the watershed contrast with the

identification of an important area of the watershed (80%) ranked as highly erodible land (HEL).
A HEL is defined based on an erodibility index, a soil map unit (soil seriegywvétodibility

index of 8 or greater is a HHLhe erodibility index for a soil map unit is determined by dividing
the potential erodibility for the soil map unit (R*K*.8/here R represents the precipitation
energy, K is the soil erodibility and L$isfactor related to the gradient and length of the

slope), with the soil loss tolerance (T).
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Soil Erodibility Factor (K)

RUSLE CP Factor
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Erodibility Index (Highly Erodible Lands)
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ErodibilityIndex Factor (Highly Erodible Lands)
Because lands under pastures/hay are the most predominant land use/land cover condition
within the Catalpa Creek watershed, annual soil erosion rates appear to be predominantly low
(smaller than 5 ton/acre), while darosion rates higher than 15 ton/acre were mostly
observed from developed areas and cultivated crops.

The managemendreas of concerfor erosion control were determined by identifying areas

with annual soil losses higher than the soil loss tolerance for the corresponding map unit. From
the 28,928 acres in the watershed, approximately 7.6% of the area (2200 acre) was included
within the critical management zones for erosion control. Around 650 acres correspond to
areas under cultivated crops, 430 acres to areas under pastures/hay, 325 acres to shrub/scrub
lands, and other 330 acres to developed areas and unpaved roads.
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Annual Soil Emon Rates

Soil Loss Tolerance for Different Soil Map Units
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