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Section A4: Project/Task Organization

The following is a list of individuals and organimas participating in the project with their
specific roles and responsibilities:

USEPA — United States Environmental Protection Agency EB8), Region VI, Dallas,
Texas. Provides project overview at the Federallle

Randall Rush, USEPA Texas Nonpoint Source Projextdder
Responsible for overall performance and directibthe project at the Federal level.
Ensures that the project assists in achieving dasgof the federal Clean Water Act
(CWA). Reviews and approves the quality assuramoge@ plan (QAPP), project
progress, and deliverables.

TSSWCB -Texas State Soil and Water Conservation Boanaples Texas. Provides project
overview at the State level.

Pamela Casebolt, TSSWCB Project Manager
Responsible for ensuring that the project delivita of known quality, quantity, and
type on schedule to achieve project objectivesacks and reviews deliverables to
ensure that tasks in the work plan are completezpasified. Reviews and approves
QAPP and any amendments or revisions and enswsggdiion of approved/revised
QAPPs to TSSWCB and USEPA patrticipants.

Donna Long; TSSWCB Quality Assurance Officer
Reviews and approves QAPP and any amendments siorexz Responsible for
verifying that the QAPP is followed by project peifgtants. Monitors implementation
of corrective actions. Coordinates or conductstawaf field and laboratory systems
and procedures. Determines that the project méetgequirements for planning,
guality assessment (QA), quality control (QC), aeplorting under the CWA Section
319(h) NPS Grant Program.

TWRI - Texas Water Resources Institute (TWRI), Coll&gation, Texas. Responsible for
development of data quality objectives (DQOs) anduality assurance project plan
(QAPP).

Kevin Wagner, Quality Assurance Officer
Responsible for determining that the Quality AseueaProject Plan (QAPP) meets
the requirements for planning, quality control, amqahlity assessment. Conducts
audits of field and laboratory systems and procesluResponsible for maintaining the
official, approved QAPP, as well as conducting QualAssurance audits in
conjunction with TSSWCB and EPA personnel.
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SSL - Spatial Sciences Lab (SSL), Texas A&M Universi@pllege Station, Texas.
Responsible for modeling activities associated BNMAT and Statistical Modeling.

Raghavan Srinivasan, Spatial Sciences Laboratowcioir; Project Manager
Responsible for overall operations of the environtakmodeling program at TAMU.
Responsible for oversight of all laboratory openasi and ensuring that all quality
assurance/quality control requirements are met. forEes corrective action, as
required.

R. Karthikeyan, Assistant Professor, Biological &uglicultural Engineering
Responsible for supporting water quality modelisgng Statistical Models.

SCSC -Soil and Crop Sciences Department (SCSC) — Tepap&ative Extension, College
Station, Texas.

Mark McFarland, Project Manager
Responsible for coordination of quarterly reportd ¢&he final project report.
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Figure A4-1. Project Organization Chart
Dashed lines indicate communication only

USEPA - Texas Nonpoint TSSWCB - Project Manager
Source Project Manager Pamela Casebolt
RandallRush [~~~ ~7""777~ (254) 773-2250x 247  [~""-C T
(214) 665-7107 pcasebolt@tsswcb.state.tx.us '
rush.randall@epa.gov i

TSSWCB - QA Officer
Donna Long
(254) 773-2250 x 228
dlong @tsswecb.state tx.us

SCSC - Project Manager
Mark McFarland
(979) 845-2425

m-mcfarland@tamu.edu

TWRI - QA Officer SSL - Director,
Kevin Wagner Investigator
(979) 845-2649 | ________] Raghavan Srinivasan
kiwagner@ag.tamu.edu (979) 845-5069
srini@tamu.edu

SSL - Co-investigator
R. Karthikeyan
(979) 845-3940

karthi@ag.tamu.edu
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Section A5:  Problem Definition/Background

State and federal water resource management agdraie embraced the watershed approach
for managing water quality. The watershed appraaeblves assessing sources and causes of
impairment and utilizing this information to develand implement watershed management
plans. To date, most watershed plans have beexiaged in conjunction with a TMDL. In
addition, most plans have involved substantial ues® investment and required multiple
years. Few plans have been developed in the d@n8.,none in Texas, which fully satisfy
EPA’s nine element guidance.

Given the more than 400 watersheds in Texas teainammediate need of planning efforts
due to known impairments, strategies for more etisttive and time efficient watershed plan
development are needed. Limited modeling appraachay be valuable and should be
compared to other, more aggressive methods to lsstaalue thresholds. Successfully
implemented plans may be able to prevent or respbtential and existing water quality
problems and preclude the need for future developwiea TMDL.

As a part of TSSWCB CWA 8319(h) Project 04-Regional Watershed Coordinator, the
TSSWCB Wharton Regional Watershed Coordinator éstednl the Regional Watershed
Coordination Steering Committee (WCSC) in Janud®52 Over the course of the next
twelve months, the WCSC quantified criteria to gtibe watersheds in southeast and south
central Texas for Watershed Protection Plan (WP&)eldpment. The first watershed
selected for plan development was Plum Creek.

To support Project 04-19, Project 05-05 Community-based Water Quality Curriculum
which Enhances Stakeholder Involvement in Watershed Protection Plan Initiatives: A Pilot
Project) was developed and implemented. This project wiasked in concert with the
TSSWCB Regional Watershed Coordinator to initiat®RVdevelopment for Plum Creek.
The team participated in multiple meetings withalogroups and organizations and conducted
a media blitz to introduce the project, gain suppand encourage involvement; organized
and conducted 3 major public meetings to develap watershed steering committee and
workgroups; and has since convened 3 meetingsedtdering committee and 1 each of the 5
topical workgroups.

However, there is a clear need for additional supfmachieve both local and multi-agency
goals in Plum Creek. Project 04-19 has regiongatives that are much broader than a
single watershed. Likewise, Project 05-05 has etad) responsibilities for curriculum
development which will support efforts in Plum Gtebut are not directly focused on plan
development and implementation. Thus, this propdsines a complementary project which
will provide critical, dedicated technical suppoboth for development and initial
implementation of the Plum Creek Watershed Praiad@lan.
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The purpose of this project is to work in concetthviederal, state and local agency partners
to coordinate a stakeholder driven process for ldpweent of a Watershed Protection Plan in
the Plum Creek Watershed which satisfies EPA’s slement guidance.

This project will be a partnership among the priynéederal and state agencies directly
involved with or linked to water resource managetrienTexas. The project will work in
cooperation with the Plum Creek Technical AdvisGnpup (PCTAG) which is composed of
representatives from the Texas State Soil and Wabarservation Board (TSSWCB), US
Environmental Protection Agency (USEPA), Texas Cassian on Environmental Quality
(TCEQ), Texas Department of Agriculture (TDA), TexRarks and Wildlife Department
(TPWD), USDA Natural Resources Conservation Sern(ldBCS), USDA Farm Service
Agency (FSA), United States Geological Survey (UpGEexas Cooperative Extension
(TCE) and other state and federal agencies, a®ppaie, to achieve project objectives. The
TCE in concert with the TSSWCB will provide leadds for synthesis of the Watershed
Protection Plan for Plum Creek, and will have pmmaesponsibility to facilitate the
watershed steering committee and coordinate effafrtthe associated workgroups. Each
PCTAG agency will be asked to provide a point afitect which will be used to solicit data
and information as necessary and appropriate toeasdplanning needs in response to
workgroup, steering committee, and/or partner ageaguests.

To address pollutant source assessment needgeaphase data analysis and modeling effort
will be conducted by the TAMU Spatial Sciences Labory. The primary purposes of this
effort will be to gather basic information to fatate and support stakeholder decision-making
processes as a part of the Watershed Protection d@leelopment process, and to provide
necessary components for ultimate state and fedegbval of the developed plan. At the
same time and in the process of plan developmerattampt will be made to determine the
level of model-based information necessary to nteeineeds of the stakeholders and satisfy
EPA’s nine elements.

Phase | will involve a data analysis effort to sl&gng the current land use for the watershed.
This will be done through “heads-up digitizing” tie 2004-2005 National Agriculture
Imagery Program (NAIP) aerial photos of the areB8RI's ArcGIS 9.x software. Individual
land use/cover classes will be identified and @elted in shapefile format on screen and
verified through field sampling. The results ofteffort will be used in the remaining phases
of work.

Phase Il of will focus on ranking the sources oftbda and estimating the fate and transport
of E. coli and nutrients (N¢ NHz, PQ, and TP), within the watershed using a spatially-
explicit Geographic Information System (GIS) methlody. For this approach, the watershed
will be divided into sub-watersheds and pollutar@ds from various sources, i.e. agriculture,
urban, and wildlife, will be identified and quamd for each. From this information, total
pollutant loading for the watershed can be caledlaand contributing components will be
ranked based on percentage and estimated production
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Load Duration Curves were developed to determiree dmount of reductions for each
pollutant €. coli, NOs, NHz, PQ; and TP) required to meet water quality standatdhe
three monitoring stations. The findings from thizape of the project will be used as input
data for the modeling efforts in phase .

In the final phase, the Soil and Water Assessmem TSWAT) will be used to model
hydrologic processes and fate and transporE.o€oli within the watershed. The SWAT
model is a basin-scale, distributed-parameter mogekating on a daily time step. It is
capable of predicting the impact of management atery sediment, bacteria, and agricultural
chemical yields in large river basins for long pds. It is the continuation of a long-term
effort on hydrologic and nonpoint source pollutiamodeling by the USDA-Agricultural
Research Service (ARS). The model is physicallseda uses readily available inputs, is
computationally efficient to operate on large basma reasonable time, and is continuous in
time and capable of simulating water quantity andlity for long periods.

The model will be run using the highest qualityadidy available data for the watershed.
Additional information on discharge from wastewateratment plants and loadings from
nonpoint sources will be collected and used in rhedtup as well. The model will then be
calibrated and validated at two USGS long-termasiridiow gauges on Plum Creek. Once the
model is calibrated and validated for flow and pgdns will be simulated based on the
distribution sources throughout the watershed abthifrom phases | and Il of this project.
Finally, recommended Best Management Practices @MBentified by the steering
committee, work groups and/or partner agenciesheilevaluated for their relative impact on
water quality and quantity.

The third task defined for this project will invawefforts to support implementation of the
Plum Creek Watershed Protection Plan. Once the \gPdeveloped, the TCE Program
Specialist will continue to support the PCWP thiougsfakeholder facilitation, resource
acquisition and tracking of established milestaeschieve plan goals.
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Section A6: Project Goals and Task Description

The purpose of this project is to work in conceithwederal, state and local agency partners
to coordinate a stakeholder driven process for ldpmeent of a Watershed Protection Plan in

the Plum Creek Watershed in Central Texas (seedfigb-1) which satisfies EPA’s nine
element guidance. This will enable stakeholdetsetter manage their water resources.
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Figure A6-1. Plum Creek Watershed
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Task 1. Coordinate the synthesis of the Plum CreeWatershed Protection Plan for the
Plum Creek Watershed Partnership Steering Committeeand working in concert with
federal, state, and local agencies and organizatisrand other stakeholders.

Objective: Work in concert with stakeholders and partner agsnand organizations to
develop a Watershed Protection Plan for Plum Creek.

Subtask 1.1: TCE will hire a Program Specialist to coordinatganization and
development of the Plum Creek Watershed Proteddilam. (Start Date: Month 1;
Completion Date: Month 3)

Subtask 1.2:In concert with the TSSWCB and the PCTAG, provieledership for
facilitation of the Plum Creek stakeholder Steer@mmnmittee and Work Groups for
the purpose of plan development and implementati@tart Date: Month 1;
Completion Date: Month 18)

Subtask 1.3: Synthesize the Plum Creek Watershed Protection. P{@tart Date:
Month 1; Completion Date: Month 18)

Deliverables

Schedules, agendas, attendance lists and minotesHlum Creek steering committee
and work group meetings.

Quarterly reports documenting progress, statudande activities.

Draft WPP (Month 12)

Completed Plum Creek Watershed Protection Plan {(Md8).

Task 2. Conduct data analysis and selective modegjnto support development of the
Plum Creek Watershed Protection Plan.

Objective: The TAES Spatial Sciences Laboratory in collaborawith faculty in the
Department of Biological and Agricultural Engineryiat TAMU will conduct a phased
modeling effort to development pollutant source badling information and estimates of
load reductions based on proposed BMPs identifigdthe Plum Creek Steering
Committee and Work Groups and by partner agenciéoeganizations, as appropriate.

Subtask 2.1:Develop a QAPP for Phase I, Il and Ill modelingnsistent withEPA
Requirements for Quality Assurance Project Plans (QA/R-5) and theTSSWCB Quality
Management Plan. (Start Date: Month 1; Completion Date: Month 2)

Subtask 2.2:Conduct Phase | efforts to classify current land feg the watershed
through “heads-up digitizing” of the 2004-2005 eatl Agriculture Imagery Program
(NAIP) aerial photos of the area in ESRI's ArcGLS Software. (Start Date: Month 2;
Completion Date: Month 4)
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Subtask 2.3: Conduct Phase Il analysis efforts to rank soumie$acteria and
estimate fate and transport®fcoli and nutrients (Ng NHs, PQ, and TP), within the
watershed using a spatially-explicit Geographic ofinfation System (GIS)
methodology. Divide the area into sub-watersheus identify, quantify and rank
pollutant loads from various sources, i.e. agrigelt urban, and wildlife. Utilize Load
Duration Curves to determine loading and estimatad Ireductions. (Start Date:
Month 2; Completion Date: Month 8)

Subtask 2.4: Phase Il modeling will be implemented, to the exteecessary and
appropriate, based on the results of Phase llatfadanformation and identified needs
of the Plum Creek Steering Committee and Work Gsp@md the partner agencies
and organizations. Phase Il modeling will involuse of the Soil and Water
Assessment Tool (SWAT) to model hydrologic processed fate and transport Bf
coli within the watershed. (Start Date: Month 3; Caostiph Date: Month 36)

Deliverables
» Approved QAPP for Phase I, Il and Il modeling.
* Phase | modeling results.
* Phase Il modeling results.
* Phase Il modeling results.

Task 3: Support and assist efforts to implementite Plum Creek Watershed Protection

Plan through stakeholder facilitation, resource acgisition and tracking of established
milestones.

Objective: Work in concert with stakeholders and partner agsnand organizations to
implement the Plum Creek Watershed Protection Plan.

Subtask 3.1: Engage and facilitate the steering committee, kgrmups, other
stakeholders, and/or components of these groupsighrscheduled meetings on a
monthly or as appropriate basis, and work in coajp@r with partner agencies to
begin implementation of the Plum Creek Watersheateetion Plan. (Start Date:
Month 12; Completion Date: Month 36)

Subtask 3.2: Assist stakeholders, including the steering cotte®j workgroups, local
government, etc., in identification and acquisitioh resources to enable plan
implementation. (Start Date: Month 12; Completidete: Month 36)

Subtask 3.3: Assist stakeholders, including the steering congmitind workgroups,
in evaluating progress toward achieving establishelgstones through continued
monitoring of water quality and tracking of implemiation efforts. (Start Date:
Month 18; Completion Date: Month 36)

Deliverables
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Schedules, agendas, attendance lists and minaesifmnplementation planning and
evaluation meetings.
Documentation of resource opportunities identifeed resources obtained to support
plan implementation.
Quarterly, or more frequent if necessary and appatg updates of progress toward
plan implementation.

The purpose of this QAPP is to clearly delineate @A policy, management structure, and
procedures, which will be used to implement the @&uirements necessary to model
bacteria impairments and their sources under skbtag through 2.4

Table A6-1. Project Plan Milestones

established milestones through continued monitorafg
water quality and tracking of implementation effort

TASK | PROJECT MILESTONES | AGENCY | START END

1.1 TCE will hire a Program Specialist to coordsmalfl AMU-SCSC Sept06 Nov06
organization and development of the Plum Creek Yghezl
Protection Plan.

1.2 In concert with the TSSWCB and the PCTAG, pdeviTAMU-SCSC Sept06 Feb08
leadership for facilitation of the Plum Creek stadieler
Steering Committee and Work Groups for the purpafse
plan development and implementation

1.3 Synthesize the Plum Creek Watershed ProtePtiam TAMU-SCSC Sept06  Feb08

2.1 Develop and obtain approval for a QAPP for BHaHl and TWRI Sept06  Oct06
11l modeling for the Plum Creek Watershed.

2.2 Conduct Phase | efforts to classify currentlase for the TAMU-SSL Oct06 Dec06
watershed

2.3 Conduct Phase Il analysis efforts to rank sssuaf bacteria TAMU-SSL Oct06 Apr07
and estimate fate and transport ©f coli and nutrients
(NO3, NH3, PQ, and TP) within the watershed

2.4 Phase Il modeling will be implemented, to tagtent TAMU-SSL Nov06 Aug09
necessary and appropriate, based on the resuRbaxfe |
data

3.1 Engage and facilitate stakeholders through dided TAMU-SCSC Aug07 Aug09
meetings, and work in cooperation with partner agento
begin implementation of the Plum Creek Watershed
Protection Plan

3.2 Assist stakeholders in identification and asigion of TAMU-SCSC Aug07 Aug09
resources to enable plan implementation

3.3 Assist stakeholders in evaluating progress tdwahieving TAMU-SCSC Feb08 Aug09
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Model descriptions

Statistical Models

» Spatially Explicit Load Enrichment Calculation TAGELECT)
* Load duration curve

Spatially Explicit Load Enrichment Calculation Tool (SELECT)

The Center for TMDL and Watershed Studies at Viggifech has been involved in TMDL
development for bacteria impairments. The Ceneéesgnnel developed a systematic process
for source characterization that includes the foihy steps:

* inventorying bacterial sources (including livestpekidlife, humans, and pets);

» distributing estimated loads to the land as a fonabf land use and source type; and

* generating bacterial load input parameters for ightl-scale simulation models.

This process provides a consistent approach thaecessary to develop comprehensive
bacteria TMDLs. The Center personnel developedftavare tool, the Bacteria Source Load
Calculator (BSLC), to assist with the bacterialrsewcharacterization process and to automate
the creation of input files for water quality model (Zeckoski, et al., 2005). But BSLC does
not spatially reference the sources. A spatialiptieit tool, Spatially Explicit Load
Enrichment Calculation Tool (SELECT) is being depsd by Spatial Sciences Laboratory
and Biological and Agricultural Engineering, TAMUO talculate contaminant-loads resulting
from various sources in a watershed. SELECT dpatiferences the sources, and is being
developed under ArcGIS 9 environment. SELECT wdlculate and allocate pathogen
loading to a stream from various sources in a whest. All loads will be spatially
referenced. In order to allocate tBecoli load throughout the watershed, estimations of the
source contributions will be made. This in turroal$ the sources and locations to be ranked
according to their potential contribution. The plapions of agricultural animals, wildlife, and
domestic pets will be calculated and distributedbdlghout the watershed according to
appropriate land use. Furthermore, point souragek as Waste Water Treatment Plants will
be identified and their contribution quantified edson flow and outflow concentration.
Septic system contribution will also be estimatesda on criteria including distance to a
stream, soil type, failure rate, and age of systence the watershed profile is developed for
each potential source, the information can be agdeel to the sub-watershed level to identify
the top contributing areas.

Load duration Curve

This is a simple and an effective first-step metilogy to obtain data-based TMDLs
(Cleland, 2003; Stiles, 2001). A duration curveaigiraph that illustrates the percentage of
time during which a given parameter’s value is éggiar exceeded. For example, a flow
duration curve (FDC) (Figure A6-1) uses the hydapgr of the observed stream flows to
calculate and depict the percentage of time thesflare equaled or exceeded.
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A load duration curve (LDC) (Figure A6-2), which related to the FDC, shows the
corresponding relationship between the contamit@adings and stream flow conditions at
the monitoring site. In this manner, it assistsdetermining patterns in pollution loading
(point sources, non point sources, erosion, etepedding on the streamflow conditions.
Based on the observed patterns, specific restarglians can be implemented that target a
particular kind of pollutant source. For exampfethe pollutant loads exceed the allowable
loads (see Figure A6-2) for low stream flow regiméeen the point sources such as waste
water treatment plants and direct deposition saufegldlife, livestock) should be targeted
for the restoration plans. Another main advantaigth® LDC method is that it can also be
used to evaluate the current impairment as someeperof samples which exceed the
standard, and therefore it allows for the rapidetiggment of TMDLs (Stiles, 2001).

10000 - GBRA Site 17406 (01/01/1960 to 04/04/2006)
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Figure A6-2 Flow Duration Curve (FDC) for streamflow conditions at GBRA

monitoring station 17406 on Plum Creek, near UhlandTX. The flow data at 17406 was
obtained from the nearest USGS gage station 81724@0ter adjusting for subwatershed
aerial contribution during runoff events.
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LOAD DURATION CURVE FOR GBRA SITE 17406
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Figure A6-3 Load Duration Curve for E. coli at GBRA monitoring station 17406 on
Plum Creek, near Uhland, TX. The flow data at 1746 was obtained from the nearest
USGS gage station 8172400, after adjusting for sulatershed aerial contribution during
runoff events

Deterministic Moddls
o SWAT

The SWAT watershed mode!

SWAT is a physically-based watershed and landssapelation model developed by the
USDA-ARS (Arnold et al., 1998). Major components tbie model include hydrology,
weather, erosion, soil temperature, crop growthirients, pesticides and agricultural
management. SWAT also has the ability to predieingles in sediment, nutrients (such as
organic and inorganic nitrogen and organic and kdelyphosphorus), pesticides, dissolved
oxygen, bacteria and algae loadings from differaahagement conditions in large ungaged
basins. SWAT operates on a daily time step andbeansed for long-term simulations. The
model output is now available in daily, monthly aemhual time scales, although efforts are
being made to account for sub-daily time steps. SWAding and subroutines are modular,
allowing for addition of new subroutines when nesesg. SWAT has been successfully
applied to model water quality issues including isehts, nutrients and pesticides in
watersheds (Arnold et al., 1999). SWAT has begiliegh to model bacterial water quality
issues in watersheds (Parajuli et al. 2006). SWASJ lheen applied to model phosphorus in
TMDL analysis of the Bosque River watershed in Bef@anthi et al., 2002).
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In the Hydrologic Modeling of the United States jeod (HUMUS), SWAT was used to
analyze water management scenarios (Srinivasah, €988). SWAT is included in EPA’s
BASINS modeling framework (Di Luzio et al., 2002).
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Section A7: Quality Objectives and Criteria for Model Inputs / Outputs

The TAES Spatial Sciences Laboratory in collaboratwith faculty in the Department of
Biological and Agricultural Engineering at TAMU Wwitonduct a phased modeling effort to
develop pollutant source and loading informatiod astimates of load reductions based on
proposed BMPs identified by the Plum Creek Stee@oghmittee and Work Groups and by
partner agencies and organizations, as appropridtee objectives of the water quality
modeling for this project are as follows:

1) Develop and obtain approval for a QAPP for Phadlealnd Ill modeling for the Plum
Creek Watershed

2) Conduct Phasedfforts to classify current land use for the wsiexd through “heads-
up digitizing” of the 2004-2005 National Agriculeitmagery Program (NAIP) aerial
photos of the area in ESRI's ArcGIS 9.x software.

3) Conduct Phase Hnalysis efforts to spatially characterize ankrsources of bacteria
and nutrients (N@ NHs;, PQ, and TP) within the watershed using SELECT, a
spatially-explicit Geographic Information Systemli$Emethodology. Divide the area
into sub-watersheds and identify, quantify and rgatutant loads from various
sources, i.e. agriculture, urban, and wildlife. r Bach monitoring location in Plum
Creek Watershed, obtain Load Duration Curve (LD&amalyze the temporal trends
in the observed water quantity and quality databtad an interpolated model to
simulate the trends of the monitored data. Evaeldlé violations and the required
load-reductions for different flow-rate regimeswlomedium, and high flow) using
LDC and interpolated model.

4) Phase llimodeling will be implemented, to the extent neagsand appropriate, based
on the results of Phase Il data and informationidedtified needs of the Plum Creek
Steering Committee and Work Groups, and the pamigencies and organizations.
Phase Il modeling will involve use of the Soil awwhter Assessment Tool (SWAT)
to model hydrologic processes and fate and trahgp&i coli within the watershed.

Phase |

LULC — The initial phase of the project will consef classifying the current land use for the
watershed. This will be done through “heads-upitidigg” of the 2004-2005 National
Agriculture Imagery Program (NAIP) aerial photogdlué area in ESRI's ArcGIS 9.x software.
Individual land use/cover classes will be identlfiend delineated in shapefile format with a
minimum mapping unit of 0.5 ac on screen and \atithrough field sampling to an accuracy
of 80% or greater. Ground control points usechim field sampling will be collected for at
least ten locations per land use type using GPS with an accuracy of 1-10 m.
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NAIP provides two main products: 1 meter ground gandistance (GSD) ortho imagery

rectified to a horizontal accuracy of within +/-n3eters of reference digital ortho quarter
guads (DOQQS) from the National Digital Ortho Peogr(NDOP) (2004 imagery); and, 2

meter GSD ortho imagery rectified to within +/- 2Qeters of reference DOQQs (2005

imagery). The tiling format of NAIP imagery is leason a 3.75' x 3.75' quarter quadrangle
with a 360 meter buffer on all four sides. NAIPager quads are rectified to the UTM

coordinate system, NAD 83 and cast into a singbelgtermined UTM zone.

As a point of comparison, the USGS National Land/&€dData (NLCD) is created with
Landsat Thematic Mapper images. Each image isigmecterrain-corrected using 3-arc-
second digital terrain elevation data (DTED), aedrggistered using ground control points.
The resulting root mean square registration egr¢ess than 1 pixel, or 30 meters.

The land use classification scheme to be usedsrd#dineation will include:

» Developed Open Spaedncludes areas with a mixture of some constdiataterials,
but mostly vegetation in the form of lawn gras$emervious surfaces account for less
than 20 percent of total cover. These areas mastmmmly include large-lot single-
family housing units, parks, golf courses, and vaiien planted in developed settings
for recreation, erosion control, or aesthetic pagso

» Developed Low Intensity Includes areas with a mixture of constructedemals and
vegetation. Impervious surfaces account for 20-d@¢ent of total cover. These areas
most commonly include single-family housing units.

» Developed Medium IntensityIncludes areas with a mixture of constructed nialte
and vegetation. Impervious surfaces account fo7%@ercent of the total cover.
These areas most commonly include single-familysimauunits.

» Developed High Intensityincludes highly developed areas where peopledeesr
work in high numbers. Examples include apartmennmexes, row houses and
commercial/industrial. Impervious surfaces accdont80 to100 percent of the total
cover.

 Open Water- All areas of open water, generally with lessnth26% cover of
vegetation or soll

» Barren Land- (Rock/Sand/Clay) - Barren areas of bedrock, digse/ement, scarps,
talus, slides, volcanic material, glacial debremd dunes, strip mines, gravel pits and
other accumulations of earthen material. Genera#getation accounts for less than
15% of total cover and includes transitional areas.
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» Forested Land- Areas dominated by trees generally greater thameters tall, and
greater than 50 percent of total vegetation cover.

* Near Riparian Forested Land Areas dominated by trees generally greater than
meters tall, and greater than 50 percent of toégletation cover. These areas are
found following in near proximity to streams, creednd/or rivers.

» Mixed Forest- Areas dominated by trees generally greater thaneters tall, and
greater than 20 percent but less than 50 percdntalfvegetation cover.

» Rangeland- Areas of unmanaged shrubs, grasses, or shrgb-gnatures

» Pasture/Hay- Areas of grasses, legumes, or grass-legume raxtplanted for
livestock grazing or the production of seed or tips, typically on a perennial cycle.
Pasture/hay vegetation accounts for greater thgre&nt of total vegetation.

* Cultivated Crops- Areas used for the production of annual cropghsas corn,
soybeans, vegetables, tobacco, and cotton, andpalgmnial woody crops such as
orchards and vineyards. Crop vegetation accoumtgréater than 20 percent of total
vegetation. This class also includes all land beictgyely tilled.

Phase |l

SELECT - this approach is being developed by SSd Biological and Agricultural

Engineering. It is similar to BSCL (Zeckoski, et @005) in TMDL development. High
guality spatial data (Landuse data developed irs®haSSURGO soils data, NHD, etc) will
be processed and utilized in SELECT approach. ribigtons for input parameters for
SELECT will be created based on literature valuesexpert knowledge.

LDC - this approach has been utilized in severaDINprojects as an initial screening-tool to
evaluate the actual temporal load trends in strg@tedand, 2003; Stiles, 2001). In cases of
violations, it is necessary to determine the regfliload-reduction in that region near the
monitoring station. The load-reductions should dadculated for all flow-regimes of the

stream. In order to do this continuous monitordaga will be simulated using the actual
monitoring data by regression methods. Uncertaoftyhe model will be estimated via

residual error analysis. The straight line passhrgugh residual error plot should have a
slope of zero.
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Phase llI

The SWAT model will be calibrated for streamfloningsthe monitoring data available from
USGS stream gauges, and historical water qualitsg dallected by GBRA and USGS at
various stream segments. Model parameters relat¢dub) watershed/landscape processes
will be adjusted to match the measured and simiiddev at key locations in each watershed
as indicated in the study area. Then the model béll validated without adjusting any
parameters.

Model calibration, in this setting, is defined aswhwell the model is able to reproduce
current observed flow rates, as measured from pheilfield surveys and stored in the TCEQ
monitoring database, GBRA database, and USGS dagtabhultiple measurements for these
parameters are used for verifying the models. Tthmgscalibration procedure is able to divide
the total variability of the model predictions int@o sources:

1. Within-station variability in the input measuremgnt
2. Variability and uncertainty associated with how Miee model fits the data (i.e., lack-
of-fit).

Model calibration inputs ands outputs
The following criteria have been established fas throject as acceptable model calibration
inputs and outputs, respectively:

« Simple and multiple linear regressions with?z 10.8 will be enforced with regard to
the SELECT model,

* The straight line passing through residual errot pf the LCD should have a slope of
zero,

* Annual flow will be calibrated so that predictedlues agree to measured values
within 15-20%,

* Flow water balancérelationship between surface and subsurface flows as defined by
base flow filter) will be calibrated so that predicted values algeea to measured
values within 15%,

» Bacteria concentrations will be calibrated so thra&dicted values agree to measured
values within two standard deviations.

If these calibration standards are not obtaineslfdghowing actions will be taken:
» Check data for deficiencies and correct any thaf@und,
» Check model algorithms for deficiencies and coreest that are found, and
* Re-calibrate the model after corrections of deficies.

If the standards are obtained, a corrective acgport will be submitted to TSSWCB with the
following quarterly report. If these steps do noinf predicted values within calibration
standards, the Quality Assurance Officer will wovkh TSSWCB and EPA to arrive at an
agreeable compromise.
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Section A8: Special Training Requirements/Certificion

All personnel involved in model calibration, valtam, and development will have the
appropriate education and training required to adegly perform their duties. No special
certifications are required.
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Section A9: Documentation and Records

All records, including modeler’s notebooks and &teac files, will be archived by SSL for at
least five years. These records will document moelgting, calibration, and evaluation and
will include documentation of written rationale feelection of models, record of code
verification (hand-calculation checks, comparisorother models), source of historical data,
and source of new theory, calibration and sengpti@nalyses results, and documentation of
adjustments to parameter values due to calibrafitacttronic data on the UNIX drive and the
network server are backed up daily to a tape diivehe event of a catastrophic systems
failure, the tapes can be used to restore theinlétas than one day’s time. Data generated on
the day of the failure may be lost, but can beaepced from raw data in most cases.

TWRI's QAO will produce an annual quality assurageality control report, which will be
kept on file at TWRI with copies distributed to imduals listed in section A3. Any items or
areas identified as potential problems and anyatiaris or supplements to QAPP procedures
noted in the quality assurance/quality control repall be made known to pertinent project
personnel and included in an update or amendmehetQAPP.

Quarterly progress reports disseminated to theviedals listed in section A3 will note

activities conducted in connection with the watemalgy modeling project, items or areas
identified as potential problems, and any variaiar supplements to the QAPP. Final
reports on Phase 1 LULC, Phase 2 SELECT, LDC araké3h SWAT will be generated.

Outcomes and stakeholder decisions based on teesets will be documented in project
final deliverable, WPP for Plum Creek.

Corrective Action Reports CARs will be utilized wheecessary (Appendix A). CARs will be
maintained in an accessible location for referemc&WRI and will be disseminated to the
individuals listed in section A3. CARs resultingany changes or variations from the QAPP
will be made known to pertinent project personmal documented in updates or amendments
to the QAPP.
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Project 04-17
Section B1
Revision 2
2/19/2009

Page 27 of 46



Section B2:

Not relevant.

Sampling Method Requirements
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Section B3:

Not relevant.

Sample Handling and Custody Requiremeast
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Section B4: Analytical Methods

The initial phase of the project will consist ofass$ifying the current land use for the
watershed. This will be done through “heads-upitidigg” of the 2004-2005 National
Agriculture Imagery Program (NAIP) aerial photogdlué area in ESRI's ArcGIS 9.x software.
Individual land use/cover classes will be identlfiend delineated in shapefile format with a
minimum mapping unit of 0.5 ac on screen and \etithrough field sampling to an accuracy
of 80% or greater. Ground control points usechim field sampling will be collected for at
least ten locations per land use type using GPS with an accuracy of 1-10 m.

NAIP provides two main products: 1 meter ground glandistance (GSD) ortho imagery

rectified to a horizontal accuracy of within +/-n3eters of reference digital ortho quarter
guads (DOQQS) from the National Digital Ortho Peogr(NDOP) (2004 imagery); and, 2

meter GSD ortho imagery rectified to within +/- 2Qeters of reference DOQQs (2005
imagery). The tiling format of NAIP imagery is leason a 3.75' x 3.75' quarter quadrangle
with a 360 meter buffer on all four sides. NAIPager quads are rectified to the UTM

coordinate system, NAD 83 and cast into a singbelg@termined UTM zone.

As a point of comparison, the USGS National Land/&€dData (NLCD) is created with
Landsat Thematic Mapper images. Each image isigmecterrain-corrected using 3-arc-
second digital terrain elevation data (DTED), aedrggistered using ground control points.
The resulting root mean square registration eg¢ggs than 1 pixel, or 30 meters.

The land use classification scheme to be usedsrdidineation will include:

» Developed Open Spaedncludes areas with a mixture of some constdiotaterials,
but mostly vegetation in the form of lawn gras$eservious surfaces account for less
than 20 percent of total cover. These areas moatramly include large-lot single-
family housing units, parks, golf courses, and vatgen planted in developed settings
for recreation, erosion control, or aesthetic pagso

» Developed Low Intensity Includes areas with a mixture of constructedemals and
vegetation. Impervious surfaces account for 20-d@&gnt of total cover. These areas
most commonly include single-family housing units.

» Developed Medium IntensityIncludes areas with a mixture of constructed nlte
and vegetation. Impervious surfaces account foi7%@ercent of the total cover.
These areas most commonly include single-familysimauunits.

» Developed High Intensitylncludes highly developed areas where peopleleesr
work in high numbers. Examples include apartmennmexes, row houses and
commercial/industrial. Impervious surfaces accdont80 to100 percent of the total
cover.
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» Open Water- All areas of open water, generally with lessnti2b% cover of
vegetation or soll

» Barren Land- (Rock/Sand/Clay) - Barren areas of bedrock, digse/ement, scarps,
talus, slides, volcanic material, glacial debremd dunes, strip mines, gravel pits and
other accumulations of earthen material. Genera#getation accounts for less than
15% of total cover and includes transitional areas.

» Forested Land- Areas dominated by trees generally greater thameters tall, and
greater than fifty percent of total vegetation aqove

* Near Riparian Forested Land Areas dominated by trees generally greater than
meters tall, and greater than fifty percent of ltetgetation cover. These areas are
found following in near proximity to streams, creednd/or rivers.

* Mixed Forest- Areas dominated by trees generally greater thaneters tall, and
greater than 20 percent to 50 percent of total tegige cover.

» Rangeland- Areas of unmanaged shrubs, grasses, or shrgb-gnatures

» Pasture/Hay- Areas of grasses, legumes, or grass-legume rastplanted for
livestock grazing or the production of seed or tiaps, typically on a perennial cycle.
Pasture/hay vegetation accounts for greater thgre&ent of total vegetation.

» Cultivated Crops- Areas used for the production of annual cropshsas corn,
soybeans, vegetables, tobacco, and cotton, andpalsmnial woody crops such as
orchards and vineyards. Crop vegetation accoumtgriater than 20 percent of total
vegetation. This class also includes all land beictgely tilled.

Not relevant for Phase 2 and Phase 3 modeling.
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Section B5:  Quality Control Requirements

The initial phase of the project will consist ofassifying the current land use for the
watershed. This will be done through “heads-upitidigg” of the 2004-2005 National
Agriculture Imagery Program (NAIP) aerial photogdlué area in ESRI's ArcGIS 9.x software.
Individual land use/cover classes will be identlfiend delineated in shapefile format with a
minimum mapping unit of 0.5 ac on screen and \etithrough field sampling to an accuracy
of 80% or greater. Ground control points usechim field sampling will be collected for at
least ten locations per land use type using GPS with an accuracy of 1-10 m.

Not relevant for Phase 2 and Phase 3 modeling.
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Section B6: Equipment Testing, Inspection, & Mainteance Requirements

Not relevant.
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Section B7: Instrument Calibration and Frequency

Not Relevant.
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Section B8: Inspection/Acceptance Requirements f@upplies and Consumables

Not relevant.
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Section B9: Data Acquisition Requirements (Non-diret Measurements)

The GBRA is a partner in the Clean Rivers Programtlie state of Texas. As such, they
collect data on a regular basis for routine wateality assessment as part of the state’s
mandate for CWA 8305(b) — Water Quality Inventorgplrt. These data also are used by
Texas for consideration of water bodies to be adwetheir list of impaired water body
segments, as described in CWA 8303(d). Additionatadobtained from the Texas
Commission on Environmental Quality are from theATFS database.

All data used in the modeling procedures for thigjgrt are collected in accordance with
approved quality assurance measures under the’sst@tean Rivers Program, Texas
Commission on Environmental Quality, Texas Watevddgpment Board, USDA, National
Weather Service, or USGS. Future data collectiggpsted by CWA 8319(h) funds through
TSSWCB will be incorporated into the modeling psxes the data become available.
Currently, a proposed monitoring project with GBFRApending, as data will be collected
under a separate QAPP.

GIS data to be used are 2004 and 2005 NAIP (Ndtidgacultural Imagery Program) aerial

photos, SSURGO (Soil Survey Geographic) and CBR&r(puter Based Mapping System)
soils, USGS NLCD (National Land Cover Dataset) lsse] National Hydrography Dataset
(NHD), Census data (2000), Agricultural Census deten USDA-NASS (2002), and the

USGS 30-meter resolution digital elevation modelEKD. Measured precipitation and

temperature will be collected from National Weatl®ervice climate stations (412585,
414088, 415284, 415285, 415429, 415430, 4179838M19and 419815), for input to

SWAT. Quality assured stream flow measurementisbgikollected from USGS stream gage
stations (8172400 and 8173000).

Because most historical data is of known and aetéptquality and were collected and
analyzed in a manner comparable and consistent vedlds for this project, no limitations
will be placed on their use, except where knownatens have occurred.
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Section B10: Data Management
Systems Design

The SSL uses laptop personal computers, desktogomedr computers and UNIX

workstations. The computers run Windows operasggtem and Unix Solaris operating
system. Databases include Microsoft® Excel, Mioft®8 Access, and a SAS database
management system run through a Unix Solaris apgraystem.

Backup and Disaster Recovery

The UNIX drive and the personal computer drives lzaeked up on a daily basis to a tape
drive and on a monthly basis to an external hardedior storage in a secure secondary
location. In the event of a catastrophic systeailsire, the tapes can be used to restore the
data in less than one day’s time. Data generatatieday of the failure may be lost, but can
be reproduced from raw data in most cases.

Archives and Data Retention
Original data recorded on paper files are storedafoleast five years. Data in electronic

format are stored on tape drives in a climate cdlett, fire-resistant storage area on either the
Texas A&M University campus.

Figure B10-1. Information Dissemination Diagram
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Section C1: Assessments and Response Actions

Table C1.1 presents the types of assessments gppohse actions for activities applicable to
the QAPP.

Table C1.1 Assessments and Response Actions

Assessment Approximate Responsible|Scope Response

Activity Schedule Party(ies) Requirements

Status Monitoring |Continuous TCE, TWRI| Monitoring of the project staand records to |Report to project lead

Oversight, etc. ensure requirements are being fulfilled. in Quarterly Report
Monitoring and review of performance and data
quality.

Technical Systems| Minimum of one| TSSWCB | The assessment will be taiéa in accordance wi{30 days to respond ir

Audit during the cours| QAO objectives needed to assure compliance with theriting to the

of this project. QAPP. Facility review and data management 8§ SSWCB QAO to
they relate to the project. address corrective
actions

In addition to those listed above, the followingsessment and response actions will be
applied to modeling activities. As described in tiecr B9 (Non-direct Measurements),

modeling staff will evaluate data to be used inbration and as model input according to
criteria discussed in Section A7 (Quality Objecsivend Criteria for Model Inputs/Outputs

Data) and will follow-up with the various data soes on any concerns that may arise.

The model calibration procedure is discussed inti@ed?2 (Validation and Verification
Methods), and criteria for acceptable outcomes @mavided in Section A7 (Quality
Objectives and Criteria for Model Inputs/Outputs).

Results will be reported to the project QA offieerthe format provided in Section A9. If
agreement is not achieved between the calibrattandards and the predictive values,
corrective action will be taken by the Project Mag@iato assure that the correct files are read
appropriately and the test is repeated to docucnpliance. Corrective action is required to
ensure that conditions adverse to quality datadmmtified promptly and corrected as soon as
possible. Corrective actions include identificatiminroot causes of problems and successful
correction of identified problem. Corrective Acti®eports (Appendix A) will be filled out to
document the problems and the remedial action takeapies of Corrective action reports
will be included with the TWRI's annual Quality Asance report. The Quality Assurance
report will discuss any problems encountered ardtisos made. These QA reports are the
responsibility of the Quality Assurance Officer atide Project Manager and will be
disseminated to individuals listed in section ABtHe predicted value cannot be brought
within calibration standards, the Quality Assura@técer will work with TSSWCB to arrive

at an agreeable compromise.
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Software requirements, software design, or codeegagined to detect faults, programming
errors, violations of development standards, oeofitoblems. All errors found are recorded
at the time of inspection, with later verificatitimat all errors found have been successfully
corrected. Software used to compute model prexdistare tested to assess its performance
relative to specific response times, computer [@Esiog usage, run time, convergence to
solution, stability of the solution algorithms, tladsence of terminal failures, and other
guantitative aspects of computer operation.

Checks are made to ensure that the computer cadeatdh module is computing module
outputs accurately and within any specific time stomints. The full model framework is

tested as the ultimate level of integration testmgerify that all project-specific requirements
have been implemented as intended. All testingopeeéd on the original version of the

module or linked modules is repeated to detect ‘freigs” introduced by changes made in the
code to correct a model.
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Section C2: Reports to Management

Quarterly progress reports developed by the Préjiectager will note activities conducted in
connection with the water quality modeling projeitems or areas identified as potential
problems, and any variations or supplements toQA®P. Corrective action report forms
will be utilized when necessary (Appendix A). CAREl be maintained in an accessible
location for reference at TWRI and disseminatedhtbviduals listed in section A3. CARs
that result in any changes or variations from th&P® will be made known to pertinent
project personnel and documented in an update endment to the QAPP.

If the procedures and guidelines established smm@APP are not successful, corrective action
is required to ensure that conditions adverse talityudata are identified promptly and
corrected as soon as possible. Corrective aciieiade identification of root causes of
problems and successful correction of identifieobpgm. Corrective Action Reports will be
filled out to document the problems and the renledtdion taken. Copies of Corrective
action reports will be included with the TWRI's arah Quality Assurance report. The
Quality Assurance report will discuss any probleansountered and solutions made. These
QA reports are the responsibility of the QualitysAsance Officer and the Project Manager
and will be disseminated to individuals listed @con A3.
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Section D1: Data Review, Validation and Verificatio

All data obtained will be reviewed, validated, avefified against the data quality objects
outlined in Section A7, “Quality Objectives and ria for Model Inputs / Outputs.” Only
those data that are supported by appropriate gualittrol will be considered acceptable for
use.

The procedures for verification and validation aescribed in Section D2, below. The
TAMU Spatial Sciences Laboratory Project Managaegponsible for ensuring that data are
properly reviewed, verified, and submitted in teguired format for the project database.
Finally, the TWRI QAO is responsible for validatiigat all data collected meet the data
quality objectives of the project and are suitdbtereporting.
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Section D2: Validation Methods

There is no validation and calibration for the SEOEmodel or LDC as they are data
processors. Validation of the SWAT model will benddor a time period of no less than one
year - depending on the observed data availableéhdnvalidation process, the model is
operated with input parameters set during the i@ldn process without any change and the
results are compared to the remaining observedtdataaluate the model prediction. Same
evaluation measures will be used for assessing pdgrormance of the model during
validation. If the matching of simulated to obsehdata is not to the standard, the calibration
process will be revisited until a best fit betwesmulated and observed data is obtained.

SWAT is built with state-of-the-art components whgimulate the processes physically and
realistically. Most of the model inputs are phy#icdased (i.e. based on readily available
information). SWAT is not a ‘parametric model’ with formal optimization procedure (as
part of the calibration process) to fit any datestéad, a few input variables that are not well
defined physically such as runoff curve number dnd/ersal Soil Loss Equation’s cover and
management factor or C factor may be adjusteddwighe a better fit. Moreover, these model
parameters are adjusted within literature recommeéndalues so that the results are
scientifically valid and defensible. In additiortasstical measures used for evaluating the
model's predicted data using the observed datangucilibration and validation help to
maintain the quality of the model simulation pramssand the model results reliable.

Calibration is the process where the model inpuapaters are adjusted until the simulated
data from the model match with observed data. Mogarameters related to
watershed/landscape processes will be adjuste@tchrthe measured and simulated flow and
bacteria at key locations in the watershed. Durmadibration, all model parameters are
adjusted within literature recommended ranges.bCalon is done to represent normal, wet
and dry years. Time series plots (between simulaed observed data) and statistical
measures such as mean, standard deviation, ceefficf determination and Nash-Suttcliffe
simulation efficiency (Nash and Suttcliffe, 1970)llvbe used to evaluate the prediction
(performance) of the model during calibration. Gicednt of determination indicates the
strength of relationship between the observed amdulated values. Nash-Suttcliffe
simulation efficiency indicates how well the pldtabserved versus simulated value fits the
1:1 line. If the values for these two measuresless than or very close to zero, the model
prediction is considered ‘unacceptable or poor'.tHé values are one, then the model
prediction is ‘perfect’. Calibration is done systgially beginning with flow (Santhi et al.,
2001).

Then the model is validated without adjusting aayameters. Depending on the monitoring
data available, calibration and validation periotil be chosen. Time series plots and
standard statistical measures will be used to et@althe performance of models during
calibration and validation.
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Section D3: Reconciliation with User Requirements

The modeling framework developed for this projedi e used to evaluate water quality
issues in streams within the Plum Creek Watershedll provide the Plum Creek Watershed
Partnership, through the Steering Committee andkV@rnoups, with optimum information
pertaining to watershed characteristics and tqotlediction of possible pollution, the sources
of this pollution and will assist in identifying tpum placement of BMPs to prevent
pollution loading in area streams. This, in tusi) enable their decision-making efforts as
part of a comprehensive Watershed Protection Riaceps.

The final data will be reviewed to ensure that &ets the requirements as described in this
QAPP. Corrective Action Reports will be initiatel cases where invalid or incorrect data
have been detected. Data that have been reviewsatled, and validated will be summarized
for their ability to meet the data quality objeetsvof the project and the informational needs
of water quality agency decision-makers. These samn@s, along with a description of any
limitations on data use, will be included in thedli report.
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