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in Attachment 1 of this document.)
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Attachment 1 of this document.)
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A3 DISTRIBUTION LIST

The TCEQ QA Specialist will provide original versions of this project ptan and any
amendments or révisions of this plan to the TCEQ Project Manager and the Upper Colorado
River Authority (UCRA) Project Manager. The TCEQ Project Manager will piovide copies
{o the EPA Pridject Officer within two weeks of approval. The TCEQ Project Manager will
document regeipt of the plan and maintain this documentation as part of the project’s quality
assurance records. This documentation will be available for review.

U.S. Enviropmental Protection Agency Region 6
State/Tribal Section

1445 Ross Avenue, Suite # 1200

Dallas, TX 75202-2733

Leslie Rauscher, Project Officer

(214) 665-2773

The UCRA will provide copies of this project plan and any amendments or revisions of this
plan to each ‘prqlcct participant defined in the list below. The UCRA will document receipt of
the plan by éagh participant and maintain this documentation as part of the project’s quality
assurance regords. This documentation will be available for review. h

Upper Colorado River Authority
512 Orient §treet

San Angelo, Texas 76903

Chuck Brown, Project Manager
(325) 655-0565 -

Fred Teagarden, Quality Assurance Officer
(325) 655-0365 -

Texas Institute for Applied Environmental Research
Tarleton State University, Box T-0410
Stephenville, TX 76402

Ali Saleh, TIAER Associate Director
(254) 968-9799 .

Tai Jin Kim, TIAER Project Lead Modeler and Data Manager
(254) 968—192(} '

Nancy Easterling, TIAER Quality Assurance Officer
(254) 968-9548




Modeling Efforts for the Brady Creek Watershed Protéction Plan QAPP

Revision 0
Section A
Page § of 63
List of Acronyms
ARS . Agricolwral i{ésearch Service
BLSM Brady Lake Spreadsheet Model
BMP _ Best Managenient Practice
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ICIS B Integrated Cd:i_hpliance Information System
LCRA Lower Colorado River Authority
NCDC _ National Clitnatic Data Center
NHD . National Hyd}jpgraphy Dataset
NLCD National Land Cover Data
NPDES | National Polli}fant Discharge Elimination System
NPS Nonpoint Source
NRCS N Natural Resources Conservation Service
NWS National Weather Service
P8-UCM _ P8 — Urban Catchment Model
PM _ Project Managger
QA Quality Assuifaice
QAO _ Quality Assur_imce Officer
QAPP ' Quality Assarance Project Plan
QAS Quality Assurance Specialist
QMP _ Quality Management Plan _
QPR E Quarterly Progress Report . k
QUAIL2K _ Not an acronym — one-dimensional water quality modél :
RPD Relative Percent Difference 7
SSURGO - Soil Survey Geographic
STATSGO State Soil Geographic
SWAT | Soil and Watér Assessment Tool
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SWMM Storm Water Managemem Model

SWOM Surface Water Quality Monitoring

SWOMIS Surface Water Quality' Monitoﬁng Information System
TCEQ Texas Commission On" Ehvimnment-al Quality ;
TDS Total dissolved solids

TIAER Texas Institute for Applied Environmental Research
TKN Total Kjeldahl nitrogen

total-N Total nitrogen o

TNRIS Texas Natural Resources Information System

total-P Total phosphorus o

TPWD Texas Parks and Wildiifé Department

TSWQS Texas Surface Water Quality Standards

TSS Total suspended solids

UCRA Upper Colorado RiVEl;-A}IﬂIOI‘ity

USDA United States Deparl:lﬁéﬂt of Agriculture

USEPA United States Environiﬂéntal Protection Agency

USGS United States Gedlogigﬁiii Survey

wpp

Watershed Protection Plan
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A4 PROJECT/TASK ORGANIZATION
TCEQ
Field Operations Support Division

Kyle Girten

Lead QA Specialist ‘

Assists the TCEQ Project Manager in QA related issues. Serves on planmng team for NPS
projects.  Participates in the planning, development, approval, unplementatlon and
maintenance of the QAPP. Defermines conformance with program . qality system
requirements. Coordinates or performs audits, as deemed necessary and usmg a wide variety
of assessment guidelines and tools. Concurs with proposed correctivé actions and
verifications. Monitors corrective action. Provides technical expertise and/or consultation on
quality services. Provides a point of contact at the TCEQ to resolve QA issués. Recommends
to TCEQ management that work be stopped in order to safe guard project and programmatic
objectives, worker safety, public health, or énvironmental protection.

Water Quality Planning Division

Kerry Niemann, Team Leader

NPS Program .

Responsible for management and oversight of the TCEQ NPS Program Oversees the
development of QA guidance for the NPS program to be sure it is within pertinent
frameworks of the TCEQ. Monitors the effectiveness of the program- quality system.
Reviews and approves all NPS projects, internal QA audits, corrective actions, reports, work
plans, and contracts. Enforces corrective action, as required. Ensures NPS personnel are
fully trained and adequately staffed.

Lauren Bilbe

TCEQ NPS Project Manager

Maintains a thorough knowledge of work activities, commitments, dehverables and time
frames associated with projects. Develops lines of communication and working relationships
between the contractor, the TCEQ, and the EPA. Tracks deliverables to ensir¢ that tasks are
completed as specified in the contract. Responsible for ensuring that the p10]ect deliverables
are submitted on time and are of acceptable quality and quantlty to achieve project objectives.
Serves on pldnning team for NPS projécts. Participates in the development approval,
implementation, and maintenance of the QAPP. Assists the TCEQ QAS in. technical review
of the QAPP. Responsible for verifying that the QAPP is followed by thé contractor.
Notifies the TCEQ QAS of particular circumstances which may adversely affect the quality of
data derived from the collection and analysis of samples. Enforces corrective action,
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Anju Chalise
TCEQ NPS a}[’rﬁject Quality Assurance Specialist
Assists Lead QAS with NPS QA management. Scrves as liaison between NPS management

and Agency QA management. Responsible for NPS guidance development related to,

program qua,l1ty assurance. Serves on planning team for NPS projects. Participates in the
developmem @,pproval implementation, and maintenance of the QAPP.

Upper Color;y;,iég River Authority

Chuck Broewn -

UCRA Project Manager

Responsible for coordinating the modeling effort with other aspects of the overall Brady
Creek Watershed Protection Plan. Responsible for ensuring tasks and other requirements in
the contract are executed on time and are of acceptable quality. Monitors and assesses the
quality of work. Coordinates attendance at conference calls, training, meetings, and related
project activitigs with the TCEQ.

Texas Institute for Applied Environmental Research

Ali Saleh

TIAER Project Manager

Responsible for ensuring tasks and other requirements in the contract are executed on time
and are of a.c,oeptable quality. Monitors and assesses the quality of work. Coordinates
attendance at conference calls, training, meetings, and related project activities with the
TCEQ and UCRA. Responsible for verifying the QAPP is followed and the project is
producing resulis of known and acceptable quahty Complies with corrective action
requirements, :

Nancy Easterling

TIAER QAQ

Responsible for verifying the QAPP is followed and the project is producmg data of known
and acceptable quality. Responsible for coordinating development and implementation of the
QA program, Responsible for maintaining TIAER QAPPs. Responsible for maintaining
records of QAPP distribution within TIAER, including appendices and amendments.
Responsible for maintaining written records of TIAER sub-tier commitment to requirements
specified in this QAPP. Responsible for identifying and receiving project quahty assurance
records. Res,ponﬁble for coordinating with the TCEQ QAS to resolve QA- related issues.
Notifies the TIAER Project Manager of pqrtlcular circumstances that may adversely affect the
quality of data Coordinates the research and review of technical QA material and data related
to model inputs and analytical techniques. Develops, facilitates, and conducts modeling
activity audlts "

xy
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Tae Jin Kim

TTIAER Lead Modeler and Project Data Manager

The Lead Modeler is responsible for the operation of all computer models and associated
documentation of model operation. Responsible for accuracy of input data to models.
Performs operation of the models to ensure valid results are being predicted, Responsible for
formulating model input to reflect the scenarios and situations to be emulated by each model.

The Project Data Manager is responsible for acquisition and verificafion of data,
documentation of data sources, ensuring the accuracy of data, and for the tratisfer of data to
the TCEQ. Responsible for maintaining project quality assurance records. Oversees data
management for the study. Performs data quality assurances prior to tednsfer of data to
UCRA. Responsible for transferring data to the UCRA in an acceptable forrhal. Ensures data
are submitted according to workplan specifications. Provides the point of ¢ontact for the
TCEQ Data Manager to resolve issues related to the data.

U.S. EPA Region 6

Leslie Rauscher

EPA Project Officer .

Responsible for managing the CWA Section 319 funded grant on the behalf of EPA, Assists
the TCEQ in approving projects that are consistent with the management goals designated
under the State's NPS management plan and meet federal guidance. Coordi;ijaﬁes the review
of project workplans, draft deliverables, and works with the State in making these items
approvable. Meets with the State at ledst semi- annually to evaluate the pr@gless of each
project and when conditions permil, patticipate in a site visit on the project.  Fosters
communication within EPA by updating management and others, both . ve]bally and in
writing, on the progress of the State's program and on other issues as they arise. . Assists the
regional NPS coordinator in tracking a State’s annual progress in its managémé&it of the NPS
program. Assists in grant close-out procédures ensuring all deliverables have been satisfied
prior to closing a grant.



Leslie Ruaschel;
U.S. EPA Region 6
Project Officer

Kerry Niemann

Modeling Efforts for the Brady Creek(w atershed Protection Plan QAPP

Revision 0
Section A
Page 14 of 63

T

] TCEQ NPS
Kyl ¢ Girten Team Leader
TCEQ Lead QA
“ Bpecialist _
T Lauren Bilbe
AgjuChalise 1} __________J ICEQ NPS Project
G ONPS Manager
QA Specialist
i
!
qul Téagarden Chuck Brown
UCRA  f---mmmmm-y UCRA
TUCRA QAO Project Manager
1
!
i
L , Tae Jin Kim
Naugy Easterling Ali Saleh TIAER Project
TIAERQAQ  f--==-=r~-~-1 TIAER ~ |----- Data Manager
o Project Manager and Lead
= Modeler
Lines of Ma;laée jﬁent

Lines of Commpaication

Figure A4,1,__Qrganizatioh Chart - Lines of Communication



Modeling Efforts for the Brady Creek Watershed Proteetion Plan QAPP
Revision 0

Section A

Page 15 of 63

A5 PROBLEM DEFINITION/BACKGROUND

Water quality in Brady Creek through the city of Brady has continued to dégtade since the
construction of Brady Lake. Brady Creek has been identified as impaired on thé Texas 303(d)
list since 2004 for not supporting its designated aquatic life due to low dissolved oxygen. The
absence of scounng stream flows and perennial flows has resulted in the stredfi functioning
primarily as a series of storm water ponds with intermittent stream flows. As 4 result, it often
displays the characteristics of a eutrophi¢ stream with prolific algae blooms, odors, and a
generally unpleasant appearance. There is also a history of fish kills that have been
investigated by the Texas Parks and Wildlife Department (TPWD) and the Texa"‘saComnﬁssion
on Environmental Quality (TCEQ). Reported investigations conclude that the fish kills were
the result of nonpoint source (NPS) urban runoff. (See Appendix A for a map of Brady Creek
watershed).

In partnership with the city of Brady and the LCRA, the UCRA applied foi and received
funding for two (2) NPS abatement projects (Phase I & ). Phase I included thé completion
of a Master Plan for the downtown portion of Brady Creek and a demomnstration Best
Management Practice (BMP). Phase 1 included demonstration BMPs and # preliminary
Watershed Characterization plan, based primarily on developing a WPP for the entire Brady
Creek watershed.

Within the sampling phase of the present project, the design intent is to assess thie ambient
water quality at five locations within the Brady Creek watershed as well as Both rural and
urban storm water quality. The ambient water quality sites are identical to those utilized in the
phase 1 watershed characterization project previously completed. The arban storm water
sites were selected to (1) sample areas of the city not previously monitored and (2) resample
sub-basins with suspected heavy impact on Brady Creek water quality. An additional urban
storm water sitc has been selected on Brady Creek below the City of Brady to' quantify total
loadings from the City of Brady. This sitc is routinely monitored quarterly by TCEQ Region
8 staff and historical ambient data are available. The rural storm water sites selected are the
three ambient sites above Brady Lake.

In order to determine pollutant loads from unimpaired portions of the watershed to determine
more precise pollutant loadings from the impaired urban watershed within the city of Brady,
and to evalvate depressed dissolved oxygen along Brady Creek within the city of Brady, the
Texas Institute for Applied Environmental Research (TTAER) as a subcontractor to UCRA
will develop and apply appropriate computer models. SWAT modeling will be developed for
the Brady Lake watershed. SWMM modeling will be used to evaluate wtban pollutant
loadings within urban areas of the city of Brady and QUAL2K will be applied to evaluate
possible control measures that may reduce occurrences of depressed oxygefi in the urban
portion of Brady Creek. Finally, a simple mass balance model for dissolved solids will be
developed for Brady Lake (hereafter referred to as the Brady Lake Spreadsheet Model or
BLSM). Inputs from existing data collected from the aforementioned projects, as well as
newly acquired water quality data, will be used to evaluate environmental issucs in the Brady
Creek watershed and to address needs for estimating loading reductions. Thie plrpose of this
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project is to develop and complete a watershed planning process for Brady Creek. The
additional mopitoring and modeling efforts are necessary for a greater assurance that the
implementation of the WPP will achieve the goal to meet stream standards, along with
maintaining/i@j;\pmving water quality in the greater watershed.

The UCRA will complete a WPP for Brady Creek (Segments 1416A, B and C). The primary
goal of the WRP'is to restore water quality to meet stream standards. The WPP will meet the
nine required @]mnents established by the EPA. Under this project, the UCRA will:
¢ Refine the Brady Creek Watershed Characterization by:
o Conducting additional water quality monitoring and modeling.
o Further identifying and quantifying pollutant loading sources.
e Utilize the Brady Creek Master Plan by:
o Prlouuzmg BMPs identified in the Master Plan for the City of Brady.
. Idenufy addltional BMPs for the greater watershed.
e Hstimate ¢osts and load reductions to be achieved through BMP implementation.
e Create a sehedule for implementation with measurable milestones and methods of
determlmng whether milestones have been met.
e Involve stakeholdcrs throughout the process.

The goal of the completed Brady Creek WPP, a plan for the entire Brady Creek watershed, is
to give basin stakeholders a strategy that will result in the mainienance and restoration of
water quality conditions consistent with the State of Texas Surface Water Quality Standards
for the des1gpated uses of the stream or water body. Basin-wide water quality goals include
the maintenance of appropriate levels of dissolved exygen, prevention of eutrophic conditions
due to eleva,ted nutrient loads, pleventlon of erasion and sediment deposition within the
stream and, where possxble maximize stream base flows to restore or enhance aquatic
utilization.

This QAPP pertains to those unique tasks and goals associated with the development and
application of computer models associated with eompletion of the Brady Creek WPP, The
- goals of the m.gdehng activities covered by this QAPP are the following:

o Assist in the characterization of causes and sources of pollution and estimation of
pollutant loads.

Assist in the selection of BMPs.

Estimate the load reductions obtained from BMP implementation in the City of Brady.
Estimate the benefits of brush control on water quallty in the Brady Creck watershed.
Evaluate 5ed1ment control functionality of agmg flood-retardation dams in the upper
watersheg.

»  Evaluate ﬁhe effects evaporation and inflows o on rising dissolved solids content of Brady
Lake.

A6 PROJ ECTIT ASK DESCRIPTION

Watershed plannlng is an iterative and adaptive process. A successful WPP begins with
adequate plzmmng and a clear and consistent message of what is required. Development of
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the project Scope of Work was based on the understanding and 1nterpréiau0n of 1) the
Nonpoint Source Program and Grants Guidelines for States and Territories promulgated by
the United States Environmental Protection Agency (EPA) in 2003 (hereafter teferred to as
the 2003 Guidelines), and 2) the Handbook for Developing Watershed Plans té Restore and
Protect Our Waters, finalized by EPA in 2008 (hereafter referred to as the EPA Handbook).
The Scope of Work structure is designed to ensure the project is consistent with and satisfies
the EPA’s nine elements fundamental to a successful watershed-based plan.

A summary of the WPP project work tasks is as follows: _

(1) Project Administration; (2) Build Partnerships; (3) FElement A: Watershed
Characierization — Phase 2: Data Collection and Analysis; (4) Element A: Watershed
Characterization- Phase 3: Identification of Causes and Sources of Pollutioi and Bstimation
of Pollutant Loads; (5) Element B: Estimate of Pollutant Load Reductiong Expected from
Management Measures; (6) Element C: Description of Management Measurés; (7) Element
D: Estimate of Technical and Financial Assistance Needed; (8) Element E: Itiformation and
Education; (9) Element F: Schedule for Implementation of Management Measures (10)
Element G: Description of Interim, Measurable Milestones; (11) Element H: Criteria to
Determine if Load Reductions are Achieved; (12) Element I: Monitoring Component (o
Evaluate Effectiveness; (13) Completion of the WPP.

This QAPP covers the modeling activities within the following tasks: .

e Task3: Element A: Watershed Characterization — Phase 2: Data Collecticm and
Analysis;

e Task 4: Element A: Watershed Characterization- Phase 3: Ident1f1cat1011 of Causes and
Sources of Pollution and Estimation of Pollutant Loads;

* Task 5: Element B: Estimate of Pollutant Load Reductions Expected from
Management Measures; and

¢ Task 6: Element C: Description of Management Measures.

These tasks of the overall project work plan are provided in Appendix B.
Overview of Applications of Models

As listed immediately above, the four models selected for the project (i.e., SWAT SWMM,
QUALZ2K, and Brady Lake Spreadsheet Model) will be used to characteuze various issues
within the basin to provide information regarding the following eclements of the WPP:
Element A: Watershed Characterization - Identification of Causes and Sources of Pollution
and Estimation of Pollutant Loads and Element B: Estimate of Pollutant Load Reductions
Expected from Management Measures.

The SWAT model will be set up to represent the majority of the Brady Creek watershed with
an emphasis on the upper portion of the watershed, especially the Brady Lake drainage area.
Sediment control provided by 35 aging flood-retardation structures in the. Brady Lake
watershed plus water quality benefits associated with brush control are the issues to be
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addressed with SWAT based on previously expressed stakeholder concerns. Further, SWAT
will be used o provide the inflows to Brady Lake for the Brady Lake Spreadsheet Model.

The SWMM model will be used to estimate volume and water quality of urban runoff within
the City of Brady and to predict load reductions from various urban best management
practices (BMPs) including, but not limited to, wet ponds and dry ponds. This modeling effort
will also be used to assist in location and sizing of urban BMPs that address the depressed
dissolved oxygen and elevated nutrient levels along this portion of the stream. The modeling
effort will agsgss existing and post-BMP pollutant loadings to Brady Creek from relevant
portions of the City of Brady for the purpose of evaluating effectiveness of BMPs and load
reductions, ©°

The QUAL2K model will be used to evaluate depressed dissolved oxygen in Brady Creck
within the city of Brady. This modeling effort will be used to assist in evaluating the benefits
of recucula‘ulng flow and/or pumpmg wastewater freatment plant effluent above the area of
depressed dissolved oxygen to increase flow in that portion of Brady Creek. The model will
also be used Wlth SWMM to estimate water quality benefits to the urban portlon of Brady
Creek from rgductmns in urban pollutant loadmgs

The BLSM will be a simple conservative substance, mass balance model based on an Excel
spreadsheet. Tngreasing dissolved solids content has been experienced within Brady Lake
over the years since its construction in 1963. Natural dissolved solids runoff is thought to be
contributing to thls issue, but the lake also rarely spills and as such concentration of dissolved
solids through evaporation is considered as an additional mechanism resulting in increased
concentrations within the reservoir. This simple spreadsheet model will allow the importance
of evaporation and hydrology (e.g., infrequency of reservoir releases) to be assessed as a
factor in the i mcrcasmg dissolved solids concentrations. SWAT and BLSM will operate as a
modeling system with SWAT providing the required lake inflow data for BLSM.

Model De_sq:,ipﬁons
Soil and Watsr Assessment Tool (SWAT)

SWAT is a physmally—based watershed and landscape simulation model developed by the
USDA-ARS: ‘{Ammold et al., 1998). Major components of the model include hydrology,
weather, erasion, soil, temperature, crop growth, nutrients, pesticides and agricultural
management. SWAT also has the ability to predict changes in sediment, nutrients (such as
organic and inorganic nitrogen and organic and soluble phosphorus), pesticides dissolved
oxygen, bacteria and algae loadings from different management conditions in large un-gauged
basins. SWAT Qperatcs on a daily time step and can be used for long-term simulations. The
model output is available in daily, monthly and annual time scales. SWAT has been
successfully ‘applied to model water quality issues including sediments, nutrients and
pesticides in watersheds (Arnold et al., 1999). '
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Storm Water Management Model (S WMM )

SWMM was developed by the EPA and is a dynamic rainfall-runoff simulation model used
for single event or long-term (continuous) simulation of runoff quantity atid quahty from
prnnarlly urban areas (Huber and Dickinson, 1988; Rossman, 2009). As described in the
user’s manual (Rossman, 2009), SWMM consists of runoff, transport and tracking
components. The runoff component operates on a collection of sub-catcliinent areas that
receive precipitation and generates runoff and pollutant loads. The transport component takes
this runoff through a drainage system network of pipes, channels, storage/tréatient devices,
pumps, and regulators. Then SWMM tracks the quantity and quality of rimoff generated
within each sub-catchment, and the flow rate, flow depth, and quality of water in each pipe
and channel. Thus SWMM has capabilities of simulating the generation anct transport of
runoff flows, esnmatlng the production of pollutant loads associated with thig runoff, and
predicting changes in water quantity and quality as a result of management decisions and
storage/treatment devices (e.g., wet and dry ponds).

It should be noted that for the urban environment modeling, P§-UCM was Ol‘lg]!ﬁ‘llly going to
be applied, but since development of the work plan, SWMM is now the model favored for
representing the urban environment, SWMM was selected over P8-UCM because it is a more
complete, physwally based model. Furthet the project team is engaged in an \inrélated project
applying SWMM in the San Angelo, TX area, which is in close proximity to the City of
Brady, and that experience will readily carry over to the present project.

QUAL2K

QUAL2K was developed for EPA by Dr. Steve Chapra, Tufts University. Th Chapra et al.
(2008) the meodel is described as follows. QUAL2K provides for the predlc:tlon of water
quality in river and siream systems by representing the channel in a oné-dimensional,
longitudinal manner with the assumption of vertical and lateral complete mixing. The model
allows branching ributaries, provides non-uniform, steady flow hydraulics, and water quality
variables are simulated on a diel time scale. An Excel workbook serves as the interface for
QUAL2K. Model execution, input and output are all implemented from withifi Excel. Visual
Basic for Applications (VBA) serves as Excel’s macro language for implémenting  all
interface functions, and numerical calculations are implemented in FORTRAN 90,

Brady Lake Spreadsheet Model (BLSM)

A simple mass-balance spreadsheet model will be developed for this project {o estimate the
importance of evaporation in Brady Lake on the increasing dissolved solids concentrations
experienced in the lake over the years. Ex1st1ng, off-the-shelf reservoir models (e. g., CE-
QUAL-W2) that take into account evaporation, heat budget, and reservoir geomorphology are
very complex with large input data requirements and high demands for accurste calibration
and validation, which is much more intensive in resource requirements than needed for this
project. For this reason the decision was made to develop a simple mass' balance model
(BLSM) for this project. BLSM will be developed within an Excel spreadshieet platform
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specifically for this project As a simple hydrologic and conservative substance model, the
processes 1no,luded in BLSM will include a water balance and a conservative constituent
(preferably tm;a,l dissolved solids or TDS) balance without any kinetic rates required. The
water balance will be based on be estimated inflows to Brady Lake, lake evaporation, direct
rainfall on the reservoir, releases and spills from the dam, shallow groundwater interactions,
and water use by the City of Brady and any other users of water from the lake. The water
balance equafion to be solved will be represented as follows:

A

Where V = lgke yolume, t = time (monthly or weekly time step), Qi = inflows (predicted by
SWAT), Qoi = spills and releases, P = direct precipitation on the lake, E = lake evaporation,
A, = lake surfagp area, G = lake seepage to shallow groundwater, and W = withdrawals (City

of Brady water use). Using bathymetric data for Brady Lake, V and A, will be determined as a
function of laiq: water level.

Similarly, the mgss balance equation for TDS as a conservative substance will be represented
as follows: -

- avs

T 10510+ QouS + PAgSe + BASE + GSg — WS

Where S = lake TDS concentration, Sy, = inflow TDS concentration estimated from
monitoring data, Qou = spills and releases, Sp = TDS in precipitation (assumed to approach
Zero), Sg = TDS concentration removed with lake evaporation {assumed to be zero), Sg =
TDS of lake seepage to shallow groundwater.

A simple fmg;gwg_ilfference approximation will be used to solve the water and mass balance
equations. The model output will be lake water level, volume, sutface area, spills, and TDS
(likely estimated from specific conductance) or chlorides concentration depending upon data
availability, '

Verification (zf Models

Because each selected model is addressing a different water quality concern expressed by
stakeholders or as reflected in recent Texas Section 305(b) Reports, the models will not in
general be apphed as a system, except that SWAT output will be used with the BLSM to
provide the jnflow to Brady Lake and SWMM will be used with QUAL2K in evaluating
depressed dlssolved oxygen, and further the required simulation time periods for each
application wijll vary. Each model will undergo one or more verification processes to help
ensure proper model function within the Brady Creek watershed. The particular verification
processes or progesses selected for each model will be largely determined by the amount of
data available for comparison to model predictions. For each model the verification process
will consist pf fwo distinct steps: model calibration (Section B7) and model validation
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(Section D2). During the calibration step input parameters to each model will be adjusted to
provide an acceptable level of comparison to observed data using both- quahtatlve and
quantitative measures. Only a portion of the total sct of observed data will be used in the
calibration step with the remainder set aside for the separate validation step. For the validation
step, input parameters adjusted during the calibration process are left at théir calibration
values and model predictions are compared against the observed data sét aside for this
purpose. For calibration, qualitative and quantitative measures will be used to evaluate
acceptability of performance for each model.

The verification process for hydrologic (streamﬂow) predictions from SWAT beneﬁts from a
long-term hydrologic record at a US Geological Survey (USGS) streamflow gdgé. Becanse of
the extent of this data set, the SWAT hydrologic validation process can.beé divided into
calibration and validation steps each comprised of two separate, non- O‘Véﬂapping time
periods, each multiple years in duration.” The verification streamflow data ar¢ #vailable at the
USGS gage on Brady Creek at Brady, Texas (08145000). Depending upon aVallablhty of
reliable rainfall records for model input, poitions of these time periods will prefeiably be prior
to completion of the dam for Brady Reservoir in 1963, which intercepts almost all sireamflow
originating upstream of the dam and preventing that flow from reaching the gage location.
(Note: The USGS 0814500 streamflow records begin June 1, 1938 and contaiy a multi- -year
gap between October 1986 and May 2001.)

The verification process for total suspended solids {TSS), total phosphorus (tetal-P), and total
nitrogen (total-N) predictions from SWAT will use the limited data that has béen collected in
the upper portion of the watershed in 2008 and that will be collected under the curtent WPP
project. The limited amount of data will likely preclude separating the data fiito calibration
and validation periods.

SWMM verification will benefit from stormi data for four events collected at four urban sites
in the City of Brady within the period of October 2002 and February 2004 and additional
urban runoff data being collected as an additional task to the WPP project. The goal is to use
the previously collected data and the data ¢urrently being collected as separate calibration and
validation data sets. Relevant parameters in the SWMM verification data sets include
streamflow, total Kjeldahl nitrogen, nitrite/nitrate nitrogen, and total phosphorus.

BLSM will first be developed and confirmed to computationally conserve mass before being
calibrated and verified to separate time periods for data sets collected since the completion of
the Brady Lake dam in 1963. Historical water quality data and water elevation data will be
used in this validation process.

Upon completion of the verification process, documentation for each model will éxplain
1) the selection of years used for model verification;
2) the model parameter values;
3) the methods for processing data;
4) evaluation of verification results; and
5) other modeling assumptions and considerations.
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Application of Models

The validated SWAT model will be used to (:W'Ilu’lt@ stakeholder concerns regarding
implications of brush encroachment on streamflow and the impact of streamflows on water
quality, e.g., water quality of Brady Lake, sediment control afforded by flood reiardation
reservoirs, and “specific agricultural land management practices. The SWAT model
applications: will be performed for a multi-year historical period of weather data that includes
drought, nomml and high rainfall periods with the model outputs of focus bemg streamflow
and total suspended sediments. The model will be operated under various scenarios that
include as oge set of simulations the watershed with and without the 35 flood retardation
FESEIVOirs abovo Brady Lake and as a second set of simulations of the watershed with brush
encroachment as it presenfly exists, with reduced encroachment, and with increased
encroachment. As needed, based on stakeholder concerns, a baseline condition representing
present practices will be compared through SWAT simulations to alterpative scenarios
representing agmcultural management practices such as nutrient and livestock management.

The validated 'WMM model will be used to evaluate load reductions from urban BMPs
implemented within the City of Brady. In contrast to the multi-year simulatipns performed
with SWAT, SWMM will be applied to evaluate BMP performance for individual storm
events and sequences of storm events over a simulated period of a few to several months of
historical rajnfall. SWMM outpuis needed for the evaluations include stormwater flows,

suspended sedlment total nitrogen, and total phosphorus :

The validated QUAL2K model will be used to evaluate effects of various control measures on
reducing the oceurrences of depressed dissolved oxygen in the urban po1t10n of Brady Creek
within the city of Brady. One control measure.to be considered using QUAL2K will be
increased suc;,amﬂow through recirculating flow and/or pumping wastewater treatment plant
effluent above the area of depressed dissolved oxygen. The model will also be used with
SWMM to. ostlmate water quality benefits to the urban portion of Brady Creek from control
measures thatt reduce urban stormwater pollutant loadings. This later application will entail
professional Judgment in evaluating changes in instream sediment oxygen demand resulting
from reduced stomeater loadings.

Fmally., BI__JS{M wﬂl evaluate the implications of evaporation and inflows on dissolved solids
content of Brady Lake. The duration of the simulation will be multiple past decades ideally
representing ghe fime from dam completion to the recent past depending upon availability of
required data {o pperate the model. Both SWAT and BLSM will need to be operated for the
selected pefipd. The main output from BLSM needed for the evaluation is TDS, although
reservoir volume and surface area are additional outputs of importance. In the unlikely
citcumstance that there are more measured chloride data than TDS data, BLSM will be
revised to. pmdlct chloride concentrations instead of TDS concentrations as the conservative
substance of J;;oncern
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A7 QUALITY OBJECTIVES FOR MODEL INPUTS/OUTPUTS
Quality objectives for model inputs

Data used in the modeling procedures for this project were generally collected in accordance
with approved quality assurance measures guiding the data collection programs of the state’s
Clean Rivers Program (CRP), TCEQ, Texas Water Development Board :(TWDB), U.S.
Department of Agriculture (USDA), National Weather Service (NWS), and USGS. Future
data collection supported by CWA §319(h) funds through TCEQ and as part of separate tasks
of this overall WPP project will be incorporated into the modeling process as the data become
available. The separate water quality moniforing portion of the project will be ¢onducted by
UCRA and all the data will be collected under a separate QAPP.

Data will be sought primarily from professional sources, collected and compiled by observers
trained in the discipline. Water quality and streamflow data, for example, will be obtained
from agencies such as the TCEQ, USGS, and UCRA under approved QAPP$ wherein the
samples are collected and measurements made by trained professionals arfid amalyzed by
experienced chemists.

Additional data sources are expected to be minor and may include literaturé séurces based
upon case studies outside the basin, local experts or other within-basin sources. Stakeholder
advice will also be sought regarding sources and quality of locally available data that may be
of value to the project, especially from those individuals knowledgeable in specific areas
concerning the various modeling efforts.

Quality objectives for model outputs

Model developers will strive to achieve the highest quality of fit possiblé bétween model
predictions and observed data during calibration (Section B7) and validation (Section D2).
For this application of models, committing the model results to pre-determinéd numerical
criteria is inadvisable because it emphasizes numerical accuracy rather than thodel usefulness.
Overly siringent criteria can cause the rejection of satisfactory models, while loose criteria
can cause the acceptance of useless and even inaccurate models. USEPA’s Council of
Regulatory Environmental Modeling (CREM) recommends that models be gvalaated on the
basis of their appropriateness in informitig policy decisions (USEPA 2008). To obtain the
decision purposes of the models, the models will be applied to evaluate causative factors in
observed trends (e.g., increasing dissolved solids in Brady Lake) and reductions through
comparisons of model prediction of baseline/existing conditions and future conditions with
various control measures (e.g., urban BMPs with SWMM, level of brush control
implementation with SWAT, increased streamflow with QUAIL2K). Model applications and
decision purposes for this project involve relative comparisons that can be provided by
models meeting less siringent calibration and validation fits than applications involving
comparisons o actual values, such as numeric criteria established to protect assumed or
designated uses. Section C1 provides discussion of model assessment and respottse.
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Both quantitative and qualitative concepts will be used to corroborate model performance to
the degree deemed appropriate for the needs of model application. Local stakeholder input
will be gameregl to determine if performance of the models passes the reality test of being
acceptable to stakeholders. Areas where model performance does not meet calibration criteria
(see B7 — Mode] ‘Calibration) will be docurmented after resources are expended attempting to
rectify problem areas

Qualitative Corrgbomtwn

Qualitative corroboration involves expert judgment or best professional judgment reviewing
the models performance based upon what would be expected to happen. Expert knowledge
can establish moidel reliability through consensus and consistency (EPA 2009). One example
is using a stakeholders’ group of knowledgeable people familiar with the water body being
modeled to assist in determining reliability of each model, and another is reliability based on
the professmnal judgment and expertise of the UCRA and TIAER staff engaged in this
project. Both examples will be employed for qualitative corroboration on this project. If there
is agreement that the methods and model output are consistent with what relevant experts and
professionals .-wc:uld expect to occur, the model conld be deemed reliable.

Quantitative Methods

Quantitative methods involve comparing model predictions to observed data. There are many
ways in which this can be performed. The first method is by graphical analysis. By inspection
one could gonelude the model is well parameterized and constrained by the available
observational data. Temporal and spatial plots of model outputs will be.evaluated for
reasonableness ‘when compared (o observed data. Another quantitative method is statistical
comparison of model predictions versus the observed data. Statistical methods allow for
determining model bias or a direct comparison of how well the model is predicting the
variability in the data. The statistical methods employed for verification of each model are
provided in Section B7 (Model Calibration).

A8 SPECIAL, T__RAININGICERTIFICATION

All personnel inyolved in model development, calibration, and validation will have the
appropriate e,qlucatlon and training required to adequately perform their duties, No special
ce1t1f1cat10ns are ‘requited.

A9 DOCUMENTS AND RECORDS

All TIAER smodeling records, including modeler’s notebooks and electronic files, will be
archived by TIAER for at least five years after completion of the project. These records will
document mgdel testing, calibration, and evaluation and will include documentation of written
rationale for. 5elect10n of models, record of code verification (hand-calculation checks,
comparison to other models), sources of historical data, sources of new theory, calibration and
sensitivity analyses results, and documentation of adjustments to parameter values due to
calibration. Ele¢tronic data on the project computers and the network server are backed up
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daily to a tape drive. In the event of a catastrophic systems failure, the tapes can be used to
restore the data in a relatively short amount of time, typically less than ofi¢ day. Data
generated on the day of the failure may be lost, but can be reproduced from iaw data in most
cases.

Table A9.1 Document and Records B o
Document/Record ' Location Retention | Form__

QAPPs, amendments, and appendices TIAER/UCRA 5 years Papét/Electronic
QAPP distribution documentation TIAER/UCRA 5 years Papeif/Electronic
Model User’s Manual or Guide TIAER 5 years Papér
(including application-specific versions) L R
Assessment reports Tor acquired data TIAER 5 years Paper/Tilectronic
Raw data files TIAER 5 years Paper/Electronic
Model input files TIAER | 5 years Electromic
Model output files TIAER 5 years Electronic

Code Verification Reports TIAER 5 years Paper
Calibration Report TIAER 5 years Paper.
Model Assessment Reports TIAER 5 years Paper ' .
Progress report/CAR/final report/data TIAER/UCRA 3 years Paper/Electronic
Model code and executable TIAER 5 years Electtonic
Validation log book TIAER 5 years Paper.

Quarterly progress reports will note activities conducted in connection with the water quality
modeling project, items or areas identified as potential problems, and any variations or
supplements to the QAPP. A final technical report on modeling analysis will be developed
and will summarize outcomes. Quicomes -will be submitted to the establisled stakeholder
group, incorporated into the Brady Creek WPP and utilized in future management
implementation.

Corrective Action Reports (CARs) will be utilized when necessary. CARs Wlll be maintained
in an accessible location for reference at TIAER. Copies of completed - CARS written for
excursions that may negatively affect the quality of data will be disseminated to the UCRA
PM and QAO. CARs documenting any changes or variations from the QAPP or any
excursions that may impact the quality of the data or output will be made known to pertinent
project personnel within 30 days of confirmation of the problem and documérited in updates
or amendments to the QAPP, as necessary.
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B1 SAMPLIN G PROCESS DESIGN (EXPERIMENTAL DESIGN)
Not 1elevant

B2 SAMPLING METHODS
Not relevant. No new sampling will occur through the project tasks covered by this QAPP.

B3 SAMPLE HANDLING AND CUSTODY
Not relevant. No new sampling will occur through the project tasks covered by this QAPP.

B4 ANALYTICAL METHODS
Not relevant, Nio new sampling will occur through the project tasks covered by this QAPP.

B5 QUALITY CONTROL
Not relevant. N-Q new sampling will occur through the project tasks covered by this QAPP.

B6 INSTRUMENT/EQUIPMENT TESTING, INSPECTION AND MAINTENANCE
Not relevant. No new sampling will occur through the project tasks covered by this QAPP.,

B7 MODEL CALIBRATION

Model calibration is the process where the model input parameters are adjusted until the
simulated datp from the model match with observed data. Model inputs and parameters will
be adjusted ,t(_)'match the measured and simulated flow, sediment, and nufrients at key
locations in the watershed and in the lake. During the calibration process, all model
parameters will be adjusted within literature recommended ranges. Model calibration is an
iterative procedure that is achieved using a combination of best professional judgment and
quantitative ¢omiparison with a subset of the observed data.

To evaluate model performance and the variability of results, sensitivity and uncertainty
analyses will also be carried out for each model. Durmg the calibration process the sensitivity
or responsiveness of the model predictions to various assumptions and rate constants specified
will be evalugied. The set up of the models will likely include parameters based on literature
recommend'l,tmns and best professional judgment, and estimates in the absence of data.
Specific areas to address with sensitivity and uncertainty analyses include boundary
conditions, wm;ershed loads, as well as process rate parameters. Fundamental parameters will
be varied by increasing and decreasing by a factor of two or an order of magnitude, and the
resulting pwd;lctions compared to understand whether a factor has a discernible effect on
circulation or water quality predictions. Uncertainty can arise from a number of sources that
range from errors in the input data used to calibrate the model, to imprecise estimates for key
parameters, {6 variations in how certain processes are parameterized in the model domain.
Regardless of the underlying cause it is good practice to evaluate these uncertainties and

-
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reduce them if possible. The final report will identify the parameters that aré _Vaﬂried and will
document parameters that have greatest uncertainty and strongly influence the results.

Calibration of mathematical models will be conducted as outlined below. fo maximize
correspondence between model predictions and field observations. If steps outlitted below do
not bring predicted values within calibration criteria, the UCRA PM and TIAER PM will
work with TCEQ, EPA and stakeholders to arrive at an agreeable comproriise. (Relevant
calibration criteria are discussed below under the subsection for each model.)

Model parameters will be adjusted to minimize differences between measuwd and simulated
flow and water quality trends at key locations. All model parameters will be adjusted within
reasonable ranges recommended in published literature. Time series plots 4nd standard
statistical measures will be used to evaluate the performance of models during calibration and
validation. ~Calibration is done systematically, first for flow and then for water quality
parameters (Santhi et al., 2001).

In the instance that calibration criteria for each model are not obtained, the f0110W1ng actions
will be taken:

e Check data for deficiencies and correct any that are found,

* Check model algorithms for deficiencies and correct any that are found z‘tﬂd

¢ Re-calibraie the model after corrections of deficiencies.

SWAT

The implementation of the SWAT mode! will require data from other aganmes including
historical data on topography, soils, rainfall (and other meteorological parameters), land use,
land management practices, existing flood retardation structures, human infraétructure, and
vegetation (Table B7.1).

Table B7.1 - SWAT model input data séts

Soils data (SSURGO) coverage No units F
Land Use/Land Cover (NLCD) coverage No units . F
Digital Elevation Model (USGS-NHD) coverage m (elevation) - F
Weather data (precip., temp) (NCDC) o inches, °C, efc. F
Stream flow _and reservoir data (USGS) . Varies F
Water quality data (TCEQ-SWQM; UCRA) Varies F
WWTP location and permit limit data (TCEQ) coverage No units F
Small flood retardation reservoirs physical ddta (USDA) Varies F
Brady Lake physical data (City of Brady) _ Varies F
Land management Information No units F

* I —based on field measurement or actval site-specific data; L — literature value
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Calibration of SWAT will consist of long-term comparisons of model predictions to daily
streamflow 1e§;ords from USGS gage 08145000 (Brady Creek at Brady, TX) and short-term
compatisons to streamflow, TSS, total P, and total N data obtained by UCRA during their
watershed characterization studies in 2008 and during this WPP project. To the extent that
multiple megsurements or observations for input parameters are available, such multiple
measurements gre used for comparison to model predictions. Using multiple measurement
sets enables assessment of the total varlablhty of the model predictions into (1) within-station
variability in site conditions as exhibited in the input measurements and (2) variability and
uncertainty a$so'¢iated with how well the model fits the data (i.e., lack-of-fit).

- For the SWA’T watelshed setting, model calibration is defined as how well the model is able
to reproduce current observed flow rates and TSS, total P, and total N (e.g., trends and
average values) as measured from field surveys and stored in the TCEQ SWQMIS
monitoring d'ltabase and with UCRA,, and available USGS data. The performance critetia are
based on the premise that the intrinsic accuracy of the data measurements dictates to some
degree the expected accuracy of the model. The following calibration criteria have been
established tm thls project as acceptable SWA'T callbratlon outputs:

. An__nu@l averages of daily flows will be cahbrated so that predicted values agree with
measured values within 20%. *

e Flow water balance (relationship between surface and subsurface flows as defined by
base flow filter) will be calibrated so that predlcted annual values also agree with
measyred values within 30%.

e TSS, total P, and total N concentrations (dependmg on available observed data) will be
cahbrgited so that the mean of predicted values falls within two standard deviations of
the mean of the observed concentrations that occurred within the selected calibration
permd

The desired final calibration is a set of investigated input parameters that meets each
enumerated criterion. If more than one set of input parameters meets all criteria, best
professional Judgment will be used to select the optimal set of parameters, and the rationale
for determining the selected set of parameters will be included in ‘the Modeling
Documentation Report (see Section C2). In the event that each criterion cannot be met, all
data will be checked for deficiencies, pertinent medel algotithms will be reviewed, and the
model will bg re-calibrated after corrections of deficiencies. While these quantitaiive
measures will gulde assessment of model performance, final determination of acceptab111ty of
model output will be according to qualitative corroboration (see Section A7) in accordance
with the declslon purposes of the model for this prcgect

Anticipated SWAT mode! parameters that w111 be adjusted in the iterative process of
calibration are prov1ded in Table B7.2. These parameters and any others determined once the
calibration progess is underway will only be adjusted within the ranges provided in the SWAT
user’s manual (Neitsch et al., 2004) and in Thomann and Mueller (1987). The model will be
validated against data for another time period without adjusting any parameters (Section D2).
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Table B7.2 - Selected SWAT model par&fneters and common range of paraineters

Curve number (CN2) , 25 - 98 No units -} L
Soil evaporation factor (ESCO) ! 0.0-1.0 No units |- L
Threshold depth of water in shaliow aquifer |

for percolation to occur (GWQMN) ' 0.0-300 mm HO . |- L
Mannings n for overland flow (OV_N) - 0.010-0.60 Nounits . | L
Cover or management factor (C FACTOR) |  0.003-0.45 No units = | L
Surface runoff lag coefficient (SURLG) 1-12 No Units |- L
Linear parameter for calculating sediment No Units |
(SPCON) ‘ 0.0G01-0.01 L
Uptake distribution parameter {(UBN) I 1-20 NoUnits. .| -~ L
Phosphorus percolation coefficient

(PPERCO) . 10-17.5 10m* Mg . | L
Phosphorus soll partitioning coefficient *
(PHOSKD) R 100-175 m*Mg | L
Nitrogen percolation coefficient (NPERCO) 0.2-0.6 Nounits || L

* F —based on field measurement or actual site-specific data; L - literature value

SWMM

As with SWAT, the implementation of the SWMM model will require data from other
agencies, including historical data on topography, soils, rainfall (and othér mieteorological
parameters), land use, human 1nfraslructure and vegetation (Table B7.3).

Table B7.3
Soils data (SSURGO) coverage No units F
Land Use/Land Cover (NLLCD) coverage No units F
Digital Elevation Model (USGS-NHD) coverage m (elevation) " F
Weather data (precip, temp) (NCDC) L inches, °C, etc. F
Stream flow and reservoir data (USGS) Varies F
Storm-event flow and watsr quality data (UCRA) Varies __F
Land management information No units F

* F —based on field measurement or actual site-specific data; L — literature value

Calibration of SWMM will consist of short-term comparisons to flows and witer quahty data
obtained by UCRA during four urban storm water events at four sites collectéd within the
period of October 2002 through February 2004. To the extent that multiple medsurements or
observations for input parameters are available, such multiple measurements are used for
comparison to model predictions. Using multiple measurement sets enables assessment of the
total variability of the model predictions into (1) within-station variability in site ¢onditions as
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exhibited in fhe input measurements and (2) variability and uncertainty associated with how
well the mod@l fits the data (i.e., lack-of-fit).

For the urbap storm water setting, SWMM calibration is defined as how well the model is
able to rcproduce current observed flow rates and water quality {e.g., trends and peak values),
as measured from the storm events monitored by UCRA. The performance criteria are based
on the premise | that the infrinsic accuracy of the data measurements dictates to some degree
the expected ﬂccmacy of the model. Because of the very high natural variability in storm
event runoff and water quality, differences between model predictions and observed data are
anticipated to be large. Therefore, numeric criteria of model acceptance are not strictly
stipulated for SWMM, but are rather provided to guide the calibration process. Acceptable
calibration will be based on qualitative evaluations of the professional team engaged in the
model appll,c@tlo,p and stakeholder satisfaction with the predictions. The following criteria
have been cst@ljl,i,shed for this project to guide the ealibration process:

L Stmmwater volume for individual events will be cahbrated 50 that predicted values
agree w:lth measured values within 40%.

» Peak stormwater flow for individual events will be calibrated so that predicted values
agree-with measured values within 30%.

* TSS, total phosphorus, and total nitrogen concentrations will be calibrated so that the
mean of predicted values fall within two standard deviations of the mean of the
observ,c_d concentrations for all calibration storm events.

The desired fma,l calibration is a set of 1nvest1gated input parameters that meets each
enumerated ¢riterion. If more than one set of input parameters meets all criteria, best
professional Judgment will be used to select the optimal set of parameters, and the rationale
for determining the selected set of parameters will be included i the Modeling
Documentatign Report (see Section C2). In the event that each criterion cannot be met, all
data will be checked for deficiencies, pertinent model algorithms will be reviewed, and the
model will be re-calibrated after corrections of deficiencies. While these quantitative
measures will guide assessment of model performance, final determination of acceptability of
model output will be according to qualitative corroboration (see Section A7) in accordance
with the decmlon purposed of the model for this p10]ect

Anticipated SWMM model parameters that will be adjusted in the iterative process of
calibration arg provided in Table B7.4. These parameters and any others determined once the
calibration pmcess is underway will only be adjusted within the range provided in the
SWMM user’s manual (Rossman, 2009) and in Thomann and Mueller (1987). The model will
be validated against data for another time period without adjusting any parameters (Section
D). TR
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Table B7.4 - Selected SWMM model parameters and common range of pg_;f‘zifmeters

NRCS Saturated hydraulics conductivity .0.00-20.45 In/hr L
SCS Curve Number | 2598 No Units L
Depression Storage . i
Impervious surfaces ~ 0.05-0.10 Inches Lo
Lawns , - 0.10-0.20 Inches L
Pasture - 0.20 Inches Lo
Forest Litter . _ 0.30 Inches L,
Manning's n
Overland Flow | _ .0.011-0.80 No Units L.
Closed Conduits 0.011-0.026 No Units N SR
Open Channel. . 0.011-0.40 No Units Lo

* F —based on field measuremient or actual site-spetific data; L — literature value

QUAL2K

The QUAL2K model will require data from other agencies, including historical data on
meteorological parameters (e.g., air temperature, wind speed, cloud covér, dew point),
channel cross-section, channel distances, and headwater conditions {e.g., stteamflow and
water quality) (Table B7.5).

Table B7.5 — QUAL2K model input data sets

“Stream segmentation, s;fream distances ( from USGS-
NHD}) km v F

Weather data (témp, cloud cover, dew point te‘r;nperature,

wind speed) (NCDC) L °C, mph, efc. oo F
Headwater streamflow (USGS and TCEQ SWQMIS) cms ... . F
Headwater water quality data (nutrients, chlorophyll-a,

dissolved oxygen, misc. parameters) (TCEQ SWQMIS) mg/llLorpgl . |- F

* F-based on field measurement or actual site-specific data; L — literature value

Calibration of QUAL2K will consist of comparison of model predictions to 24-hour dissolved
oxygen data (minimum and average concentrations) and related water quality data (e.g.,
nufrients) collected by either the Upper Colorado River Authority or the Livwer Colorado
River Authority. During the period of August 2002 through March 2007 seven 24-hour
multiprobe deployments occurred at station 17005 on Brady Creek with associated water
quality data collection. Each 24-hour survey event will be evaluated to determine
completeness of associated water quality parameters (e.g., chlorophyll-a and nutrient forms)
and approximately %% of the survey events will be used for calibration purposes (possibly 3 or
4 events) and the remaining events reserved for model validation. To the exteit that multiple
measurements or observations for input parameters are available, such multiple fheasurements
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are used for gomparison to model predictions. Using multiple measurement sets enables
assessment of the total variability of the model predictions regarding variability and
uncertainty as_aog‘._lated with how well the model fits the data (i.e., lack-of-fit),

QUAL2K calmbrahon is defined as how well the model is able to reproduce current observed
water quality (g.g., minimum and average dissolved oxygen values), as measured during the
24-hour mu],l;lprobe deployments. The performance criteria are based on the premise that the
intrinsic accuracy of the data measurements dictates to some degree the expected accuracy of
the model. "~ Bgcause of natural spatial and 1emporal variability in dissolved oxygen,
differences batween model predictions and observed data are anticipated to be large.
" Therefore, nymeric criteria of model acceptance are not strictly stipulated for QUAL2K, but
are rather provided to guide the calibration process. Acceptable calibration will be based on
qualitative evaluations of the professional team engaged in the model application and
stakeholder satisfaction with the predictions. The following criteria have been established for
this project to gg_l@ the calibration process:

e Minimmm 24-hour dissolved oxygen concentrations will be calibrated so that predicted
valueés agree with measured values within the smaller of 2 mg/L or two standard
deviations of the mean of the observed concenirations across all calibration events.

. Avelage 24-hour dissolved oxygen concentrations will be calibrated so that predicied
values ggree with measured values within the smaller 1.5 mg/L or two standard '

* deviatians of the mean of the observed concentrations across all calibration events.

e Nutrignt forms (e.g., total phosphorus and arnmonia) and chlorophyll-a concentrations
will be pahbrated so that the mean of predi¢ted values fall within two standard
dev1atmns of the mean of the observed concentrations across all c111b1 ation events.

The desired final calibration is a set of investigated input parameters that meets each
enumerated criterion. If more than one set of input parameters meets all criteria, best
professional judgment will be used to select the pptimal set of parameters, and the rationale
for determining the selected set of parameters will be included in the Modeling
Documentation Report (see Section C2). In the event that each critetion cannot be met, all
data will be ¢hecked for deficiencies, pertinent model algorithms will be reviewed, and the
model will be re-calibrated after corrections of deficiencies. While these quantitative
measures will gmde assessment of model performance, final determination of acceptability of
model output will be according to qualitative cotroboration (see Section A7) in accordance
with the decision purposed of the model for this project.

Anticipated QUAL2K model parameters that will be adjusted in the iterative process of
calibration are provided in Table B7.6. These parameters and any others determined once the
calibration process is underway will only be adjusted within the range provided in the
QUAL2K dogusmentation (Chapra et al., 2008), Bowie et al. (1985), TNRCC (1995), and
Thomann and Muelier (1987). The model will be validated against data for other 24-hour
survey time peuods without adjusting any parametels (Section D2).
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—Selected QUAL2K model parameters and common range of parameters

Table B7
Sediment oxygen demand ~ 0.0-50 | gOs/mid 1
Biochemical oxygen demand decay rate 0.05-0.30 d’ b
Ammonia nitrification rate £ 0.0-05 d’ -
Organic N hydrolysis rate - 0.0-0.3 d’ L
Organic N settling rate “0.01 -0.20 m/d B
Organic P hydrolysis rate \ - 0.0-0.3 d’ =
Organic P settling rate -0.01-0.20 m/d L
Organic P hydrolysis rate - 0.0-0.03 d’ L
Phytoplankton max. growth rate . 0.5-3.0 d’ L
Phytoplankton respiration rate - 0.05-05 d’ A
Phytoplankton death rate - 0.05-05 d’ L-
Phytoplankton setiling rate - 0.1-3.0 m/d A
Bottormn algae max. growth rate - 20— 100 Mg A/m‘/d E
Bottom algae respiration rate - 0.05-05 d’ =
Bottom algae excretion rate 2 0L05 ~ 0.5 d’ L
Bottom algae death rate |- 0.05-05 d’ 1
Dissolution rate 0.0-05 d’ L
Reaeration rate . 0.05-100 d’ Texas. E':’qLJa

* I —based on field measurement or actual sue—spemflc data; L - literature value; Texas Equatm’n is the
reaeration equation developed for Texas and used by TCEQ and its predecessor agencies in dissolved oxygen
modeling.

BLSM

The Brady Lake Spreadsheet Model (BLSM) will be developed within an Ex«;el spreadsheet
platform. While requiring less input data than SWAT and SWMM, the Jmplememt'ltlon of the
BLSM model will require data from other agencies, including historical data on physical
characteristics of Brady Lake (e.g., water level - storage relationship), evapomhon rainfall
(and other meteorological parameters), and water usage (Table B7.7).

Table B7.7 — BLSM model input data set

Brady |Lake physical data (City of Brady) . Varigs F
Water usage & water rights (City of Brady & TCEQ) ac-ft F
Evaporation data (TWDB) m {elevation) F
Weather data (precipitation) (NGDC) . inches, °C, elc. F
Stream flow & reservoir data (USGS & SWAT model) Varies . F M
Water quality data (TCEQ SWQMIS & UCRA) Varies . F

* F —based on field measurement or actual‘site—specific data; L - literature value; M — predicied from SWAT
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Calibration of BLSM will consist of long-term comparisons to reservoir water-level data
obtained by USGS on a daily basis and TDS (or chlorides) data obtained from TCEQ
SWQMIS. Brl$9d on density of TDS data, the calibration period will most likely span the first
10 to 20 years of operation of the reservoir with data for more recent years reserved for model
validation. If there are more chlorides data than TDS, which is not anticipated, then chlorides
will be used as the preferred measure of dissolved solids in Brady Lake.

Model calibration is defined as how well the model is able to reproduce fluctuation in
reservoir watet fevel and changes in TDS over the 10- to 20-year calibration period. The
performance ciiteria are based on the premise that the intrinsic accuracy of the data
measurements dictates to some degree the expected accuracy of the model. The following
calibration cgiteria have been established for this project as acceptable model calibration
inputs and outputs respectively:

. Annual change in reservoir volume will be calibrated so that predmted values agree
with measured values within 20%.

» TDS (or chlorides) concentrations will bé calibrated so that the mean of predicted
values. agrees with the mean of measured values within 30% and the range in predicted
values and measured values agrees within 30%. (Mean and standard deviation of
measuréd_ values calculated using data within the calibration period.)

The desued fmal calibration is a set of 1nvest1gated input parameters that meets each
enumerated cutenon If more than one set of input parameters meets all criteria, best
professional judgment will be used to select the optlmal set of parameters, and the rationale
for deternumng the selected set of parameters will be included in the Modeling
Documentation Report (see Section C2). In the event that each criterion cannot be met, all
data will be ghecked for deficiencies, pertinent model algorithms will be reviewed, and the
model will be re-calibrated after corrections of deficiencies. While these quantitative
measures will guide assessment of model performance, final determination of acceptability of
model output will be according to qualitative corroboration (see Section A7) in accordance
with the decmmn purposed of the model for this pIO]eCt

BLSM quql parameters that will be adjusted in the iterative process of calibration are
provided in Table B7.8. These parameters will only be adjusted within the range provided in
Table B7.8; The model will be validated against data for another time petiod without
adjusting any;patameters (Section D2).

Global rnultlpjier to lanOWS {Qad)) 05-2.0 Ng units L
Multiplier to gr@ss evaporation data (Ead)) 0.8 - 1.1 | Nounits L
Seepage thrgugh bottom sediments (SEEP) 0.0 - 0 02 ft/day L
Adjust |nf|ow TDS concentration {TDSadj) 0. 8 1 2 No units L

*L,— hterature Vqlufs
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B8 INSPECTION/ACCEPTANCE OF SUPPLIES AND CONSUMABLES

Not relevant.

B9 NON-DIRECT MEASUREMENTS

The datasets listed in the Table B9.1 will be used to create the databases; input data, and
validation data sets for the analytical tools to be constructed and applied oii the WPP. No
additional validation of these datasets will be performed because they are eithér from state-
and national-level recognized and accepted sources or have already been vahdated before
their inclusion into the respective databases of origin database. The table provides the data
type, the data source, and the intended use and relevance to construction of the project’s
analytical tools and their application.

It is anticipated that for some continuous-time data needed for the project, gaps ¢ould exist in
the data. Typically, for streamflow data the USGS will use appropriate estimation procedures
to fill-in data gaps and note the data accordingly. However, the possibility also exists for data
gaps with weather data and these data typically are not filled in. The following ]ﬁfo'cedure will
be used to estimate data to fill-in data gaps. For gaps in the data of fout hours or less,
estimates will be made using linear interpolation. Gaps longer than four hours ‘Wﬂl be filled-in
by comparing all continuous segments of the same data set and selecting the &iie¢ which most
closely matches the values and slopes at the beginning and ending points of thé gap so that a
subset of actual continuous data can be spliced in most seamlessly.

Because the data needs for the model required for this project can be extensivé, it is likely that
various data limitations will occur regarding information needed for developiilg the models,
for model input, and for model validation. Data limitations will be addressed in & hierarchical
manner. The necessary data will first be sought from sources within th# Brady Creek
watershed. If multi-sources of needed data are available, for example geographic information
system land use and land cover data for different time periods, then typically the preference
will be to use the data most representative of the conditions to be simulated by the model. If
watershed specific data are not available or are insufficient, similar data from adjacent
watersheds may be appropriate in some instances. An example of apploprla‘te data from
adjacent watersheds would be weather data from stations nearby, but outside of the watershed.

Because most historical data is of known and acceptable quality and were colleeted and
analyzed in a manner comparable and consistent with needs for this project, no Hmitations
will be placed on their use, except where known deviations have occurred.
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B10 DATA MANAGEMENT

Responsibility for data management during the course of the project is assigned to the prime
contractor, TIAER.

All data files used as model input for this project will be stored in a secured, password-
protected directory, Only authorized project participants, i.c., the TIAER PM and TIAER
Project Data Manager (DM), will be ablé to store and mampulate the files in the project
directory. The types of project data files are described in the Migration/Transfér/Conversion
section.

Information about the data files and types of data contained in each will be clearly
documented to provide identification and traceability for all modeling inputs. Tﬂe TIAER PM
will be responsible for ensuring that all data files used for the project are included in the
directory and that those files used as model input for the final modeling resulfs are clearly
distinguished from initial or intermediate versions of the dataset.

Data management procedures for all types and sources of data including raw data files from
acquired (non-direct) data; model input data files; and model output files from calibration,
verification, and allocation scenarios are described in this section.

Migration/Transfer/Conversion

The TIAER DM will transfer electronic data files to the project directory, which'is located on
the TIAER Intranet, from the Internet.

The various types of data to be downloaded from the Internet are included it Table B9.1.
Databases on the Internet are stored in a variety of formats. Some data or files required for the
project can be downloaded from the Internet into text or Excel files, where they can be
manipulated to create text files or other types of data files that can be used direétly by models.
For Internet-downloaded data or files too large to be directly used by models, TIAER staff
will write programs in Visual Basic, VBA, or FORTRAN to transform the data into the
format required by models.

Ensuring Data Quality

The simplest and most straightforward means of maintaining high- quahty data is to
1horough]y train all individuals involved in data collection and data managemént procedures
in appropriate data qualification protocols and data management procedures. If afl p project data
users are familiar with protocol and use identical procedures, potential problcms will be
averted.

Internet data will be downloaded from atthorized organizations or websités when they are
needed for modeling activities. It is not uncommon that some Internet-downloaded data, e.g.,
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weather data, do contain gaps. Missing or empty data values (i.e., gaps) can occur, and these
data gaps will be filled in as discussed in Section B9 Non-Direct Measurements.

Geographic Information System (GIS) DEM data will be checked for integrity in such areas
as prolecuon, sinks, tears and holes.

The TIAER DM will carefully verify Internet-downloaded data and document any potential
errors discovered during modeling activities. For example, if precipitation data downloaded
from an aythorized organization indicates a possible shifting of date of recorded rainfall due
to the time that observations are recorded, the data will be compared to other sources, e.g.,
local weather data centers to assure data quality. Any necessary corrections will be made to
the data and n@__tﬁ_d in the project data log.

Electronic Cod&bock and Data Logs

As part of the QA procedures for this prOJect the TIAER DM will maintain an electronic
codebook llsung data management decisions, procedures, and operations, which ensures
consistency and traceability for the data across time and changing staff.

As an essential part of the database codebook, the TIAER PM will create a log that describes
each key step in data management procedures and includes Internet-downloaded data entry
and QA checks of Internet-downloaded data. Any changes to the data are documenied in the
codebook.

All downloaded data files will have a separate entry in the project data log. Metadata on each
input dataset is recorded in an electronic project file. The metadata include website or
Intranet addrgss, date of download, TIAER staff responsible for download, directory and file
name where glowploaded data is stored, list of the variables (data fields) needed for modeling
activities and th{-sir description when necessary, and how the data will be used for the project.

DATA MANAGEMENT PROCESS

A flow chart § is pr0v1ded below that traces the path of the data from acquisition to final use
and storage. '
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Process Chart of Data Flow

identification of chemical, physicochémical, geospatial, locationai, informatioﬁal-; and
observationdl data (See Table B2.1)

4

Download and transfet of data to TIAER compuiers
Pre-processing of data in preparation of éeveloping model input data and validatién data
__sets

Calculations and data manipulatiorj%m prepare data for use with analyticél?‘d%lé
Validajl%n of models
Sensitivityi%la[.ysis of models
Application of analyticéi :[:L)ols for assessment purposes -

gl

AL

Reports submitted to UCRA PM

Record Keeping and Data Storage

TIAER’s general record-keeping and document control procedures are cofitained in the
TIAER Quality Assurance Manual and this QAPP. For the modeling portion of this project,
electronic files for the following will be kept for at least five years:

» Original data sets from the sources listed in Table B9.1.

e Metadata for main input datagets, inchiding website address from which data’ are obtained,
date of data download, initials of staff member responsible for down]md, general
description and use of data, original provider of data, name and location &f file in which
the data are stored, name and location of file in which the data aré manipulated (if
appropriate).

e Plots, graphs, curves, and other 1epresentat10ns used in decision- makmg a“spects of the
project.

® Documentation of all changes to the models used in production of the fuial modeling
results.

e Documentation, where necessary, of accommodations taken to remediate lack of desired
types of data for application of the model.

e Copy of each model code and its executable version as used to produce I\ esults for the
project, including any changes to the original model used in production of the reported
results.

e Final input data set files and modeling result files used in validation process.
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* Final resulfs of all sensitivity analyses.

¢ Files documenting the various types of gIaphlcaI and statistical comparisons required for
model vahdaﬁon and results of the final compansons

e Copics o;f all original results from applications of the model(s) that are used in project
reports, with details of scenarios clearly described.

Data Handlimg

Data are transiﬁf‘rred to TIAER computers for use with Microsoft applications, applications of
analytical tomls, and SAS programs. Data integrity is maintained by the implementation of
password premctlon which controls access to directories in which project data are stored.

Backup/Disqg__t;gr Recovery

As an electropic data protection strategy, TIAER utilizes Double Take software to mitror the
Primary Aberdeen 1.2TB file server (raid 5 fault tolerant) that will be mirrored to a secondary
Aberdeen Abﬁ;maszll file server (raid 5 fault tolerant). This p10v1des instant fault recovery
rollover capablhly in the event of hardware failure., TIAER also exercises complete backup of
its Primary server to LTO-3 Quantum ValueLoader on a weekly basis, coupled with daily
incremental backups. This provides a third level of fault tolerance in the event that both the
primary and secondary server are disabled. TIAER will maintain all cyclic backup tapes for
26 weeks prior to reuse saving the 1st tape in the series indefinitely. to preserve a historical
snapshot. Tl_‘ﬁjs will facilitate recovery of data lost due to human error. Backup tapes are stored
in a secure area on the Tarleton University campus and are checked petiodically to ensure
viability. If n@gessary, disaster recovery can also be accomplished by manually re-entering the
data. '

Archives/l)%;;p Retention

Original data recorded on paper files and as electronic data are stored for at least five years.
Data in electronic format are stored on tape drives. Complete electronic data sets are archived
on tape backup and retained on the Tarleton State University campus in a fire-resistant storage
area managed by the Tarleton ITS department.

Information Dissemination

TIAER will pﬁ_)f\fide project updates to the UCRA PM in progress reports and the information
will be made available at stakeholder meetings. Input data and model outputs resulting from
the project deseribed in this QAPP will be accessible to the general public.

HARDWARE?SOFTWARE CONFIGURATION

The types of TIAER computer equipment, hardware and software to be used on the project
are prov1ded In Table B10.1.

"
ap ™
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Equipment & software

Software (Excel, Word,
PowerPoint)

name . Type Number Specification ~ Use
Dell PC desktdp Hardware 2 P4, CPU 3.2 GHz, 2 Suppé'rf r‘hodeling activities
Computers GB Ram, Windows
XP professional 2002
AberNAS 1.5 TB Server | Hardware 1 P4 CPU 3.0GHz,1GB Primar’y;.éfé_rver, Veritas
RAM Windows 2003 | Backup-$oftware, Double-
Server Sp2 Take Regl:Time Replication
Software
AberNAS 1.2 TB Server | Hardware 1 P4 CPU 3.0GHz,1GB | Secoriddry Server, Veritas
RAM Windows 2003 | Backup 8oftware, Double-
Server SP2 ~ | Take Re#l-Time Replication
Software -
Quantum Autoloader Hardware 1 LTO-3 Ultrium 4'OOGféﬁbGB Compressed
Backup Tape Unit Backup.
ArcView 3.3 Software 1 Window interface Create i'ﬁp‘ut data for DO
model
ArcGIS 9.3 or higher Software 1 Window interface Creatd input data for DO
model =~
SAS 8.2 or higher software 1 Window interface and Analy%;r}é (S't',ltput data from
DOS interface models; &hd measurement
data .
Visual Fortran 6.0 or software 1 User interface: Calibﬁéﬁcrﬁ' and
higher Windows developmént of models
SWAT2005 or higher software 1 Windows interface Hydrdl@gjf and water quality
‘ modelifly
SWMM Version 5.0 software 1 Windows interface Hydroldgy and water quality
modeling
Microsoft Office software 2 Windows platform Data ﬁféﬁération, report

writing, présentations
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C1 Assessments and Response Actions

Table C1.1 pr@%@@ms the types of assessments and response actions for activities applicable io the
QAPP. o 3

Table C1.1 Assessments and Respouse Actions

Assessment Apprommate Responsible "|Response
Activity ' Party{ies} |[Scope , Requirements
Status Rels) UCRA, Monitoring of the project status and Report to project
Monitoting a0 TIAER records to ensure requirements are fead in Quarterly
Oversight, ete.” | being fulfilled. Monitoring and review of | Report
- performance and data quality.

Technical A TCEQ QAQ |The assessment will be tailored in 30 days to
Systems Audit |giscretion of accordance with objectives needed to  jrespond in writing

{YCEQ assure compliance with the QAPP. to the TCEQ QAQO

I Facility review and data management ]to address

" as they relate fo the project. corrective actions

Model Vahdatimn and Results Assessment and Response

Methods for eva]uatmg model outcomes are discussed in Section A7 (Quality Objectives for
Model Inputs/QuLputs) and Section B7 (Model Cahbrahon)

As described in Sectlon A, gcnerally, and in Sectmn B9, spec1ﬁca11y, the analytlcal tools w111 be
developed from pbservational daia from many sources. A wide range of data is required to set up
the models for this project. These data will be organized into various data files and databases to
provide input data for each model. No additional validation of these datasets will be performed
because they ‘are either from state- and national-level recognized and accepied sources or have
already been Va];i!gjated before their inclusion into their respective databases of origin.

As oversight and assessment measures, all input data to the models will be independently
assessed for ageuracy and completeness by an appropriately trained TIAER staff member. In
response to any discrepancies and errors detected, the independent staff member will document
necessary changes and corrections, report these to the TIAER Project Lead Modeler, and the
Lead Modeler wﬂl make the necessary corrections.

All data and equanons in Excel data spreadsheets used for preparing input data and in developing
the BLSM that are newly crealed or calculated from other sources will be examined at least
twice, with ong gxamination by an independent, appropriately trained TIAER staff member. Any
errors and dlsg;mpanmes uncovered during the examinations will be reported by the reviewer to

the lead modgler, who will perform any necessary corrections to data and equations. Where

appropriate,- s1mple diagnostic approaches (e.g., trend plots) will be apphed to identify any
problematic ar@as

L
bl



Modeling Efforts for the Brady Creek Watershed Protection Plan QAPP

Revision 0

Section C

Page 43 of 63

The validation process for each model will involve the TIAER Project Lead Modeler. The Lead

Modeler will maintain a logbook for use in documenting input data rcfmemcnts during the

validation process. During the calibration step, the Lead Modeler will systematically adjust

appropriate input parameters within the range of meaningful values based on Gbservations made

in the watershed, literatore, and expert opitiion and judgment for the purpose of achieving the

optimal comparison of model output to the observational data. The qualitative ahd quantitative

measures (as discussed and presented in Sections A7—Quality Objectives for Model

Inputs/Outputs;, B7—Model Calibration; and D2—Validation Method) will be :the means of

assessing progress in the validation process. After calibration is completed and prior to

commencing the validation step, TIAER’s PM will assess all adjusted input parafeters to ensure
that values stayed within acceptable ranges.

During the validation step, model predictions will be evaluated against observation data using the
same graphical and statistical techniques as used during calibration. Based on {1i$ ¢valuation and
the general targets and goals in Section B7-—Model Calibration, the TIAER PM will assess
whether the model is acceptably validated. If validation is acceptable, the model will be ready
for application; otherwise the model will undergo a recalibration process requiring further input
parameter adjustment, calibration to the original verification data seis, and vetification to the
original calibration data sets.

Model validation also involves qualitative corroboration that is based on ‘bBest professional
judgment of the project team and the acceptability of model output to knowledgeable
stakeholders. As discussed in Sections B9 and D2, the quaniitative corroboration to numeric
criteria may fail and the model still be acceptable based on qualitative corfoberation. If it
appears that quantitative and qualitative model corroboration may both fail, the TIAER PM will
contact the UCRA PM and QAO and infor them of the situation with the puipose of engaging
the TCEQ PM is the appropriate course of action.

As the final task of the calibration step for each model and prior to the ‘validation step, a
sensitivity analysis of key input parameters will be performed to determine response of the
predictions of the model as a means of quantifying the uncertainty associated with knowing the
true value of input parameters (sometimes referred to as knowledge uncertainty). The key input
parameters to be adjusted will most likely be those listed in Tables B7.2, B7.4, 137.6, and B7.8;
however, additions or subtractions from these lists will be based on each model’s performance
during the calibration process. This sensitivity analysis will provide an iiddication of the
importance of knowledge uncertainty associated with input parameters oni model predicted
output parameters (e.g., streamflow, TSS, storm water guality, TDS). Using experience gained in
the calibration process, the TIAER PM and Lead Modeler will determing both the input
parameters to be included in the sensitivity analysis and the variation of the parameter to be
evaluated. Input parameters will be varied +/- 50 percent, unless experience obtdihed during the
calibration process indicates to the contrary. Sensitivity analysis results will be presented in
graphical mode in the task technical report.
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Corrective Aetion

Corrective actions are required to ensure that conditions adverse to quality data are identified
promptly and gorrected as soon as possible. Corrective actions mclude identification of root
causes of problems and successful correction of identified problem. CARs will be filled out to
document the problems and the remedial action taken. CARs will be transmitted to the UCRA
PM and QAO for inclusion in the project QPR and for proper archiving. The UCRA QAO will
also assist TIAER in resolving the issue at hand if TIAER cannot resolve the problem on its own.
In the event thﬂ,t a feasible solution cannot be reached or calibration criteria cannot be achieved,
the UCRA PM and TIAER PM will work with TCEQ to arrive at an agreeable compromise.

Corrective Action Process for Deficiencies

Deficiencies are any deviation from the QAPP, SWQM Procedures Manual, SOPs, or Data )Managemcnt
Reference Guide. Deficiencies may invalidate resulting model output and may require corrective action.
Dcflcxencms are qlocumcntcd in logbooks, worksheets, etc. by TIAER staff. Tt is the 1espon31b111ty of the

to the problcm;s are . documented and that records are mamtalncd in accordance with this QAPP. In
addition, these agtions and resolutions will be conveyed to the NPS Project Manager both verbally and in
_writing in the. pmjcct progress reports and by completion of a corrective action plan (CAP).

Correctlve A@t@ﬂﬂ

CAPs should:

Idcnnfy the problem, nonconfomuty, or undesirable situation

Identify immediate remedial actions if possible

Identify thie underlying cause(s) of the problem

Identify whether the problem is likely to recur, or occur in other areas

Evaluate the need for Corrective Action

Use problc1h-solving techniques to verify causes, determine solution, and develop an action plan
Identify personnel responsible for action

Establish timelines and provide a schedule

Documﬁmt Lhe corrective action

* & & & & & & & &

Status of CAPS will be documented on the Corrective Action Status Table (See Appendlx C) and
included with Quarterly Progress Reports. In addition, significant conditions (i.c., sitnations which,
if uncorrected, gould have a serious effect on safety or on the validity or integrity of data) will be
reported to the TCEQ immediately.

The TIAER Fgoject Manager is responsible for implementing and tracking corrective actions.
Corrective action plans will be documented on the Corrective Action Plan Form (See Appendix 1)
and submitted, When complete, to the TCEQ PrOJch Manager: Records of audit findings and
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corrective actions are maintained by both the TCEQ and the TIAER QAO. Audit reports and
corrective action documentation will be submitied to the TCEQ with the Quarterly Progress Report.

If audit findings and corrective actions cannot be resolved, then the authority and fesponsibility for
terminating work are specified in the TCEQ QMP and in agreements in coritracts between
participating organizations,

Model Software Assessment and Response

Software requirements, software design, or code are examined to the extent pricticable to detect
faults, programming errors, violations of development standards, or other probléms. Al errors
found are recorded at the time of inspection, with later verification that all étrors found have
been successfully corrected or appropriately addressed. Software used o c¢ompute model
predictions are tested to assess its performiance relative to specific response times, computer
processing usage, run time, convergence to solution, stability of the solution algorithms, the
absence of terminal failures, and other quantitative aspects of computer operalioh. Records of
the reviews of software and code are included in the documentation of quality cotitrol activities.

SWAT

The watershed tnedeling task is intended to rely upon the SWAT2005 modeling code as
published by ARS/BRC, and modifications to the code will not be made. The SWAT software
that is used to compute model predictions is tested to assess performance telative to specific
response times, computer processing usage, run time, convergence to soluti_bﬁ, stability of the
solution-algorithms, the absence of terminal failures, and other quantitative agpéets of computer
operation, as part of the routine code generation by ARS/BRC. In the event thit errors in the
code are discovered through the routine model set-up and validation procedures of fhis project,
these errors will be corrected to the degree feasible by TIAER staff and documiénted to UCRA,
TCEQ and to the authors of SWAT at ARS/BRC. Code updates made availablé by ARS/BRC
will be used to the extent practicable.

SWMM
The wrban storm water modeling task is intended to rely upon the SWMM fﬁ@d@ling code as
published by EPA, and modifications to the code will not be made. In the evenit that errors in the
code are discovered through the routine médel set-up and validation procedures of this project,
these errors will be documented to UCRA, TCEQ and to the anthors of SWMM af BEPA.
QUAIL2K

The dissolved oxygen modeling task is inténded to rely upon the QUAL2K inddeling code as
published by EPA, and modifications to the code will not be made. In the event that errors in the
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code are discovered through the routine model set-up and validation procedures of this project,
these errors will be documented to UCRA, TCEQ and EPA.

BLSM

Checks will be made of the Excel computations and equations written by TIAER in developing

BL.SM to ensyge that the computations produce accurate results, e.g., conserve both water and

conservative substance mass, provide accurate solutions, and provide stable results under the

expected range of conditions under which the model will be operated. These checks will follow

the protocol established for all equations in Excel data spreadshects in the third paragraph of this
section (Sectlon C] Assessments and Response Actions).

C2 REPORTS TO MANAGEMENT
Reports to TC,;EQ Project Management

All reports detailed in this section are contract deliverables and are transferred to the TCEQ in
accordance wii:h c_:gntract requirements.

Reports from UCKA to TCEQ

Quarterly Progless Report - Summarizes TIAER’s activities for each task; reports problems,
delays, and corrective actions; and outlines the status of each task’s deliverables. The TIAER
PM will provmie, the necessary information to the UCRA PM for development of each progress
report.

Watershed Protection Plan — TIAER will provide relevant information and sections of chapters

to the UCRA - PM that will comprise the WPP. TIAER’s efforts on these sections will include

development Qf the drafts and finalization of each section. The specific sections of the WPP in
which TIAER wﬂl be engaged and the information to be provided by TIAER include:

e Draft and Final Watershed Characterization - Phase 3: Identification of Causes and
Sources of Pollution and Estimation of Pollutant Loads Report: TIAER to provide model
predictions on causes and sources of pollution and pollutant loadings from selected urban
areas wj,thm the City of Brady plus evaluations of likely causes of increasing dissolved
solids in Brady Lake, implications of brush encroachment and brush control on water
quality above Brady Lake and the implications of aging flood retardation structures on
sediment. control above Brady Lake. This TIAER information generated with the
compuiter models described in this QAPP will be reported in an integrated manner with
other mfo;rmatlon generated from various aspects of this project including monitoring
data ang logal stakeholder information.

e Draft and Final Element B: Estimate of Pollutant Load Reductions Expected from
Management Measures Report: TIAER will provide model predictions regarding urban
pollutant load reductions from the selected management measures, level of water quality
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benefits from controlling brush ercroachment, and, if necessary, an assessment of

sediment reductions afforded by existing flood retardation structures.

® Draft and Final Element C: Management Measures Report: TIAER will provide

information on the site specific management practices evaluated with the fnbdels,

Report from TIAER to UCRA

Modeling Documentation Report — TIAER will develop a report that summarizés and documents
the calibration and verification of each model and technical information regardlng application of
the models in support of development of the Watershed Protection Plan. The réport will also
document the development of the BLSM including relevant equations representmg the water
balance and TDS balance. The reports will also provide information on the selection of years
used for model verification, the model pirameter values, the methods for processmg data,
evaluation of verification results, and other rodeling assumptions and considéfations used in the
verification process for each model.

Contractor Evalvation - The Contractor patticipates in a Contractor Evaluation by the TCEQ
annually for compliance with administrafive and programmatic standards. Results of the
evaluation are submitted to the TCEQ Financial Administration Division, Procurement and
Contracts Section,
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D1 DATA REVIEW, VERIFICATION, AND VALIDATION

All input data derived from data acquisition and used in development of the project’s models will
be checked for aceuracy by staff with appropriate training. For these large data sets, data checks
will consist of verification of a statistical sampling (e.g., 10 percent of relevant data) of the input
data. Any errors in input data will be cortected at that time. No additional validation criteria are
necessary for acquued data obtained for the project because they are cither from state- and
national-level recognized and accepted sources and bave already been validated before thelr
inclusion into ‘qheu respective databases of origin.

All data obtained will be reviewed, validated, and verified against the data quality objects
outlined in Secuon A7, “Quality Objectives for Medel Inputs/Outputs.” Only those data that
support the mtended uses and objectives will be con31dercd acceptable for use.

The TIAER PM is respons1ble for ensuring that data and model outputs are propeily reviewed,
verified, and submitted in the required format for the project database, as required. The
procedures for validation of model outputs are described in Section D2, below. Finally, the
TIAER QAQ is rgsponsible for coordinating with the TIAER PM in the process of validating
that downloaded data and model outputs used to make decisions in the project meet the quality
objectives of the project and are suitable for including in project repoxts. '

D2 VERIFICATION AND VALIDATION METHODS
SWAT

The watershed model, Soil Watershed Assessment Tool (SWAT) is built with state-of-the-art
components in an attempt to simulate a wide range of watershed processes physically and
realistically. Most of the model inputs are physically based (that is, based on readily available
information or upen mechanistic relationships). SWAT is not a simple “one-parameter model”
which can be implemented in a formal optimization procedure (as part of the calibration process)
to fit any set of data. Instead, there are a number of input variables that are not well defined
physmally, 1nclud1ng the runoff curve number (CN2) and the management and cover factor (C
Factor) in the Umvelsal Soil Loss Equation. While these model parameters may be adjusted
within literature Values so that the results are consistent with knowledge of watershed processes,
there is no umque solution to the validation process because there are generally many more free
parameters thap sets of field data.

Validation of the SWAT model will be conducted for a different long-term record than used in
the calibration process (as described earlier in the QAPP). The exact period will be determined
after assessment of all required data sets to operate the model. In the validation process, the
model is operated with input parameters set during the calibration process without any change
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and the results are compared to the remaining observed data to evalvate the miodel prediction.
The same evaluation measures from the calibration process will be used for assessing the
performance of the model during validation (Section B7). If evaluation measures do not indicate
valid model results, the calibration process will be revisited until a best fit between’ simulated and
observed data is obfained.

While quantitative measures will guide the assessment of the SWAT model, TIAER’s final
determination of model output will be according to qualitative corroboration of model
predictions with observed data in accordance with the purposes of the model for this project.

SWMM

The calibrated SWMM model will be validated vsing storm water quantity and quality data being
collected under another task of the WPP project within the City of Brady. In" the validation
process, the model is operated with input parameters set during the calibration process without
any change and the results are compared to the remaining observed data to evahiate the model
prediction The same evaluation measures used in the calibration process wift be used for
assessing the performance of the model during validation. In the situation that the matching
between simulated and observed data is not to the established criteria, the calibration process will
be revisited until a best fit between simulated and observed data is obtained.

Both calibration and validation of the model will rely on a combination of quantitative statistics
for goodness-of-fit and visual comparison of predicted and observed individual sterm event data.
This methodology is consistent with the standard of practice that has been establis$hed for similar
modeling programs.

As with SWAT, while quantitative measures will guide the assessment of the SWM model, the
final determination of model output will be according to qualitative corroboiation of model
predictions with observed data in accordance with the decision purposes of the model for this
project.

QUAI2K

The sicady-state water quality model, QUAL2K, is built with state-of-the-art cainhponents in an
attempt to simulate a wide range of natural instream water quality processes physically and
realistically. Most of the model inputs are physically based (that is, based on réadily available
information or upon mechanistic relationships). QUAL2K is not a simple “one-parameter
model” which can be implemented in a formal optimization procedure (as part of the calibration
process) to fit any set of data. Insiead, there are a number of input variables that are not well
defined physically, including algal growth kinetics and sediment oxygen demand. While these
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model paramegers may be adjusted within 11teralure values so that the results are consistent with
knowledge of ipstream processes, there is no unique solution to the validation process because
there are genemlly many more free parameters than sets of field data.

Validation of the QUAL2K mode] will be conducted for different 24-hour surveys than used in
the calibration progess (as described earlier in the QAPP). The exact surveys will be determined
after assessmeni of all required data sets to operate the model. In the validation process, the
model is operatg:d with input parameters set during the calibration process without any change
and the results are compared to the remaining observed data to evaluate the model pred1ct10n
The same evaluatlon measures from the calibration process will be used for assessing the
performance Of the model during validation (Section-B7). If evaluation measures do not indicate
valid model résylts, the calibration process will be revisited until a best fit between simulated and
observed daLa 1s qbtalned

While quantlte,tmﬁ measures will guide the assessment of the QUAL2K model, TIAER’s final
determination ‘of - model output will be according to qualitative corroboration of model
predictions Wlﬂ:l QbSel ved data in accordance with the purposes of the model for this project.

“BLSM

The calibrated BLSM model will be validated using recent USGS reservoir water level data and
TCEQ SWQMLS TDS data for Brady Lake. In the validation process, the model is operated with
input parametms ‘set during the calibration process without any change and the results are
compared to the remaining observed data to evaluate the model prediction. The same evaluation
measures used i:t the calibration process will be used for assessing the performance of the model
during validaiion. In the situation that the matching between simulated and observed data is not
to the standard, the calibration process will be revisited until a best fit between simulated and
observed data {s thamed

Both calibration gnd validation of the model will rely on a combination of quant1tat1ve statistics
for goodness—@fwfu; and visual comparlson of predicted and observed time series of TDS and
reservoir storage. This methodology is consistent with the standard of practice that has been
established for gipnilar modeling programs. :

While quanﬁtatiyg measures will guide the assessment of the BL.SM model, TIAER’s final
determination’ of model output will be according to qualitative corroboration of model
predictions with observed data in accordance with the purposes of the model for this project.
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D3 RECONCILIATION WITH USER REQUIREMENTS

The information derived from the modeling tasks of this project together with the results of
monitoring efforts under separate WPP project tasks will be consolidated to provide the EPA,
TCEQ, UCRA and local stakeholder groups with best-available information’ pertaining to
watershed characteristics.

The modeling activities as a result of this project will be used to evaluate watsr quality issues in
the Brady Creck watershed. At stakeholder mieetings and other appropriate foruing decided upon
by UCRA, TIAER will provide UCRA and the interested parties of the Brady Créek Watershed
Protection Plan with information pertaining to watershed characteristics, the prediction of urban
pollution loadings, which will assist in identifying optimum placement of BMPs to prevent
pollution loading to the urban portion of Brady Creek. Further, TIAER will prdvide information
in the same forums on the role of evaporation on the increased salt levels in Bragy Lake, issues
related to erosion and sedimentation control in conjunction with the flood retardation structures
in the upper watershed, and finally the implications of brush control in restoring Baseflows in the
upper watershed for water quality improvement. All this information, in turn; Will enable their
decision-making efforts as part of a comprehensive Watershed Protection Plan prodess.

The data and model outputs for the final production applications of each model will be reviewed
to ensure they meet the requirements of intended use and quality objectives of Section A7
(Quality Objectives for Model Inputs/Outputs) as described in this QAPP. C&rrective Action
Reports will be initiated in cases where invalid or incorrect data have been detected. Data and
outputs that have been reviewed, verified and validated will be summarized for their ability to
meet the quality objectives of the project and the informational needs of watér quality agency
decision-makers. These summaries, along with a description of any limitations on use, will be
included in the appropriate sections of the WPP.



Modeling Efforts for the Brady Creck Watershed Protection Plan QAPP
Revision 0
Section D
Page 52 of 63
References

Bowie, G.L,,W.B. Mills, D.B. Porcella, C.L.. Campbell, J.R. Pagenhoff, G.L.. Rupp, K.M.
Johnson, P.W.H. Chan, S.A. Gherini, and C.E. Chamberlin. 1985. Rate, Constants, and
Kinetics Formulations in Surface Water Quality Modeling (2™ Edition). EPA/600/3-
85/040, Enyironmental Research Laboratory, Office of Research and Development, U.S.
Enviropmental Protection Agency, Athens, GA.

Chapra, S.C., Pelletier, G.J. and Tao, H. 2008, QUAL2K: A Modeling Framework for
Slmulatmg River and Stream Water Quality, Version 2.11: Documentation and Users
Ma.nual C1v11 and Environmental Engmcermg Dept., Tuits University, Medford, MA.

Huber,W.C. a;;d R..E. Dickson, (1988) Storm Water Management Model User’s Manual, Version
4, EPA/(SGO/?)HSSIOOl Environmental Protection Agency, Athens, GS.

Neitsch, S.L., J.G. Arnold, J.R. Kiniry, R. Srinivasan, J.R. Williams, 2004, Soil and Water
Assessment Tool Input/Output File Documentation Version 2005. USDA Agricultural
Resealch Servwe and Texas Agricultural Experiment Station, Temple, Texas.

‘Rossman, L., A, 2009, Storm Water Management Model User’s Manual Version 5.0. EPA/600/R-

05/040, Water Supply and Water Resources Division, National Risk Management
Research Laboratory, Cincinnati, OH.

Santhi, C., et al, tZOOl) Validation of the SWAT model on a large river basin with poiﬂr and
nonpozm sources, Journal of the American Watel Resources Association.

Thomann, R.V. and J.A. Mueller. 1987. Principles of Surface Water Quality Modeling and
Control. Harper & Row Publishers, New York, NY

TNRCC (Texas Natural Resource Conservation Commission). 1995. QUAL-TX. User’s Manual
Version 3.4 Update December, 1995. Austin, Texas.

United States Environmental Protection Agency (2008). Guzdcmce on the Development,
Evaluation, and Application of Environmental Models, Washington, DC, EPA/100/K-
09/003, (http://epa. gov/crem/library/CREM-Guidance-Public-Review-Draft.pdf)

%

=



Modeling Efforts for the Brady Creck Watershed Protéction Plan QAPP
Revision

Appendix A

Page 53 of 63

Appendix A. Area Location Map
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Appendix B. Work Plan »
(Including Only Tasks In Which Modeling Activities Oécur)
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{ | Gy Gal AE E qagh eX (1) B by (1]

| Element A; Watershed Characterization — Phase 2: Data Collecllon and Analysi

] 90,950.00 [N - Total | 151,853.00

: Thm Objeglive meets a portion of FElement A of the 2003 Gmdehnes Guidance for developlng this objective can be
found in Cﬂ}ﬁp(ers 6 and 7 of the EPA Handbook.

To provide the baseline information for determination. of amounts of existing non-point sources of pollution and
existing pojnt sources of pollution; to provide additional data for incorporation into a model, which will serve to
determing the pollutant assimilative capacity of the water body, and to-determine pollutant load reductions needed
to achieve the goals of the WPP. UCRA will develop a SWAT model for the greater watershed and will apply the
P8-UCM to esiimate storm loadings from the urban areas of the City of Brady. The information collected will also
form the ba,sehne for future monitoring to determing if the pollutant load reduction goals are being met.

Project obg ectives include the improvement in water quality of Brady Creek through the project area. The objective
of project evah;atlon is the collection and utilization of water quality data and other hydrologic information pursuant
to measurgment of the effectiveness of constructed BMPs, water quality improvements in Brady Creek and
preparation of the watershed characterization portion of a WPP. Quantitative and qualitative information regarding
measurement data needed to measure BMP efficiency and instream water quality.

The data ,(J()Ilegted for both objectives will be considered representative of the target population or phenomenon to
be studied, The representativeness of the data is dependent on; 1) the sampling locations; 2) the flow regime
during sample collection; 3) the number of years sampling is performed, and; 4) the sampling procedures. Site
selectien and sampling of pertinent media (i.e. water) and use of only approved analytlcal methods will assure that
the mea‘;urﬂment data represents the populauon belng studied at the site.

After the Quahty Assurance Project Plan (QAPP) is approved, samphng events will be initiated. Plans are to
monitor a In,lnlmum of 5 sites every other month for routine water chemisiry to include flow, field, conventional
para,meter_@, _n_nd bacteria. In addition, 3 storm water rupoff events will be monitored at the aformentioned sites.

UCRA will aieo conduct 3 storm water monitoring events within the urbanized city of Brady. Areas targeted will
be subwatersheds that either 1) have not been sampled i m previous projects and 2) subwatersheds that are believed
loadings to Brady Creek.

Jansary 1, 2010 "May 1, 2010

causes and gaurces of pollution. The acceptability of existmg data will be reviewed by UCRA.

January 1, 2010 June 1, 2012

The UCRA will schedule Quality Assurance Project Plan (QAPP) planning meetings with the TCEQ Project
Manager, Quahty Assurance staff, technical staff, management and contractors, to implement a systematic planning
process, based on the elements of the TCEQ NPS QAPP Shell. The information developed during the planning
meetings wj(ll he incorporated into a QAPP. A plannlng meeting may also be conducted to determine if any changes-
need to be made to an existing QAPP,

January 1, 2010 b
l E

The UCRA will develop a QAPP for monitoring. The UCRA will schedule QAPP planning meetings with the
TCEQ Prnject Manager, Quality Assurance staff, technical staff, management, and contractors to implement a

systematic p]annmg process based on the elements of the TCEQ NPS QAPP Shell. The information developed
during the’ Piannlng meetings will be incorporated into a QAPP. A planning meeting may also be conducted to
d termm h: ed to be made to an existing QAPP

January 1, 2010

: ‘May 1, 2010

2 %
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: The UCRA will develop a QAPP for rnodelm g The UCRA will develop and submit to the TCEQ a QAPP with

| project specific quality objectives and criteria for model inputs/ontputs consistent with the EPA Guidance for

| Quality Assurance Project Plans for modehng(EPA QA/G-5M) format and the TCEQ TM*IYL QAPP Modeling Shell
1| 120 days prior to the initiation of any modelirig. The QAPP will be developed by the. UCIQA with review provided
)| by the TCEQ Project Manager, Quality Assur'mce staff, technical staff, management, and contractors The QAPP

‘ will be approved by the TCEQ. o
January 1, 2010- May 1,2010

‘The UCRA will provrde 1nput annually throu ghout the prOJect perlod 10 TCEQ 60 days prior to the end of the
| effective period of the QAPP, and will develop annual QAPP revisions 30 days prior to the énd of the effective

: perrod of the QAPP,

ecember 31, 2011

1 The UCRA will develop a inomtormg program and conduet monitoring, as outlined in the QAPP to achieve data
: _quality ob'ecuyes

May 1, 2010 Fobruary 29, 2012

mcorporate relevant data info a model(s) selecte by the UCRA w1th thé 1‘pproval of the TCEQ

‘| Project Manager and the Stakeholder Group, as outlined in the modeling QAPP, to achievé data quality objectives,

i Data sources used in the model, including litefature values and other assumptions will be piesented to the

| Stakeholder Group and feedback will be solicited by the UCRA. The model(s) will be; &) calibrated using available
il water quality data, b) utilized to assist in the détermination of caunses and sources of pollutmn and pollutant

1 loadings, and ¢) applied to determine load reductions from various agricultural conservation practices and urban

: best management practices.

February 29,2012

The UCRAVW]II rev1ew Ver]fy, and validate water quality momtonng and mode mg atil be&fore it is submitted to
the TCEQ. Data will be submitted to TCEQ twice annually and at least 1 month prior to 1sé, or prior 1o presenting

10 stakeholders

August 1, 2010, -

-| The UCRA will provide to the TCEQ and stakeholders a report that describes the resulis of_éamplin g and modeling
acllvlties and recommendations for futnre méditoring efforts -
Augnst 15, 2()10

Drafl and Fma] Samphng Plan
Draft and Final QAPP
Draft and Final QAP Annual Updates

Data Submittals
Drafi and Final Watershed Characterrzauon Phase 2: Data Collection and Analyms Report

CC...;.-

— Phase 3: Tdentification of Causes and Sourcés of Pollution and Estimation

| Element A: Watershed Characterization
| of Pollutant Loads

[ 7,658.00 B 12,763.00

This Ob]ocuve completes Element A of the 20{]3'Gu1delmes Guidance for developmg thig objective can be found
in Chapters 5, 6, 7, and 8 of the EPA Handbook.

: Identification of the causes and sources, or groups of similar sources, that will need to be coutr'olled to achieve the
i| load reductions estimated in this watershed-based plan (and to achieve any other watershéd goals identified in the
| watershed-based plan), as discussed in item (a) of the 2003 Guidelines,
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The UCRA will further define watershed goals and refine numeric water quality targets for the pollutants or sources |

identified m-ObjeCUVe 3. The watershed goals and targets will be used to guide the identification and selection of

December 31, 2011 June 1, 2012

ill analyze data to identify the causes and sources of water quality problems in the watershed. The

. Idenufy pollutant sources and causes of 1mpa1rmems or water quality concerns, 1nclud1ng the following:
0’ Point sources
‘© 'NPSs
‘o Stakeholders’ concerns and observations
@  Effects on water quality and overall watershed functions
. Con}pare available monitoring data to water quahty standards, and to the current 303(d) list and 305(b)
asscﬁsments

An evalum,mn will be done of the relative magmtude of sources, the location of sources, and the timing of source
loading:

e Majar sources of pollution will be identified at a mgmﬁcant subcategory and subwatershed level

. MHLQI sources of pollution may be identified by a geﬂeral characterization

onitoring, field assessments, and stakeholder surveys.

_The my tlmd_ 3 or analysis may include mapping, modeling,
December 31, 2011 '

June 1, 2010

The UCRA will estimate pollutant loads for water quallty parameters that:

* Dogoty ‘méet standards

s Are 171fant1fled a$ a concein in the Texas Water Quality Inventory 305(b) Report
. May pmhlblt the water body from meeting designated uses .

In add;itiqn,,pqllutant loads may be also be estimated for water quality parameters identified by stakeholders as a
concetn, '

Pollutant loads will be calculated based on the relative magnitude of sources, the location of sources, and the timing
of source lgéa(l'itlg. The loading analysis will be used in subsequent Objectives of this project to plan restoration
and/or protection strategies, target load reduction efforis, and project future loads under new conditions.

December 31, 2011 June 1, 2010

The UCRA wﬂl provide maps of the watershed and subwatersheds that identify the major causes and sources of the

Jane 1, 2010

P
to be contmlled Pollutant load data and associated maps‘ developed under this ObJectlve will be included in the
report. Thg«: dacoment will also identify additional gaps in data, and methods to deal with these gaps will be
recommengl o

December 31, 2011 Tune 1, 2010

Watgsshed maps that identify the causes and sources of water.quality problems
*  Daft aud Final Watershed Characterization - Phase 3: Identification of Causes and Sources of Pollution and
Estlma on of Pollutant Loads Report
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Th1s ObjecuVe meets Element B of the 2003 Gu1de11nes Guidance for developing this objeétive can be found in
Chapters 8 and 9 of the EPA Handbook.

O8]

| To provide an estimate of the load reductions expected for the management measures descﬂbed under Objective,

| Estimates should be provided at the same level as in Element A

.| The UCRA will determine the load reductions that are needed to meet the watershed goaiiéz and water quality

| standards. Load reduction estimates will be caleulated at key locations in the watershed it érder to depict the major
| problem areas and sources, and to support efficient and targeted management. The load redictions should be

| calculated at the same spatial scale and level of detail as the causes and sources and pollutaii loads identified in

| Objective 4. The load reductions identified should be sufficient to ensure that water qllah*ﬂy standards and

| designated uses are met. If a Total Maximum Daily Load (TMDL) has been developed in' this watershed, the WPP
i must be demgued to achieve the waste load and load allocations identified in the TMDL, 1 TPDES permits have
issued ticipated, the WPP Toad reductions must achieve in the requirementy ¢f the permits.

December 31, 2011 June 1,2010

| The UCRA will provide a report describing the watershed goals, targets, and the necessary Toad reductions that are

needed to meet the watershed goals,

"1 December 31, 2011 ; Il‘me 1,2010

¢ Draft and Final Element B: ]Zsurnate of Pollyiant Load Reductmns Expected I"ro‘m Management Measures
Report 3

| Element C: Description of Management Measures

s Al | 9,763.00
: Thls ObJectlve meets Element C of the 2003 Gmdehnes Guidance for developmg this objective can be found in
Chapters 10 and 11 of the EPA Handbook.

Identify and describe the NPS management measures that will need to be 1mplemented 10 dehieve load reductions
| identified in Element B, and describe the critical areas where those measures will be nééded to implement this plan,
In addition, management measures may be identified to achieve other goals of the WPP..
The UCRA will develop management objectives targeted at specific pollutants or sources s achieve the goals of the
WPP. Management objectives will be determined with the 1nput and approval of the Staketiolder Group,
Da | December 31,2011 ! | Yuhe 1, 2010
The UCRA will identify the programs, management strategies, and ordmances already befwg 1mp1emonted in the
watershed and determine the effectiveness of the measures in terms of achieving desired lodd reductions or meeting
other management goals and objectives. N
Pecember 31, 2011 | Completion Date: - | Tille 1, 2010
The UCRA will select 1nethodolog(1es) and/or 1node1(s) that will be vsed to 1denufy needed BMPs, to quantify load
reductions achieved by each proposed BMP aiid to prioritize the suite of potential BMPs. §ethods and/or models
_w111 be deteimined w1th the input and approval of the St‘lkeholder Group ..
ate | December 31, 2011 £ T Tone 1,2010
Usin g the looanons of pollutant sources identified in Elernent B the UCRA w111 1dent1fy mahagement practices that
can be nsed to achieve the additional load reductions required. The critical areas and negded | management measures
will be determined with the input and approval of the Slakeholder Group
- Start Thate: - .:'i| December 31, 2011 Yate

| }““?1’ 2010
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T The UCRA will provide estimated pollutant load reductions expected for each management measure proposed.

1| This will he accomplished by using published literature values and other available data, with the recognition of the
natural vqﬂabﬂﬂy of site specific BMPs and the difficulty in precisely predicting the performance of management
measures over time. A report detailing this mformatmn will be provided to the Stakeholder Group and the TCEQ
Project Mangger.

December 31, 2011 June 1, 2010

The UCRA will prioritize potential BMPs, with consideration of water quality benefits, costs, stakeholder support
and other factors identified. This Task is related to and is dependent upon Objective 5. The prioritization of
management measures will be conducted with the input and approval of the Stakeholde {iroup.

December 31, 2011 Tune 1, 2010

The UCRA will develop Management Strategies and associated estimates of the total potential pollutant removal.

Identify which combinations of management practices can meet the goals for load reductions and cost effectiveness.

December 31, 2011 - June 1, 2010

The. UCRA w 11 prepare a descnptaon and summary list of BMPs, Identify the specific need for each BMP and
estimate lqad, mducuons that each BMP may provide. The suite of BMPs selected should reflect estimated load
reducuons needed to achieve water qualiiy standards for the designated uses of the water body, and to achieve other
oals of the WP,

December 31, 2011

June 1, 2010
* Dulft apd Final Element C: Management Meas'ufes Report

L
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Corrective
Action #

Date
Issued

Description of Deficiency

Action Taken

Date

Closed
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Appendix D. Corrective Action Plan Form

Corrective A_'ction Plan

Issued by: _ Date Issued " Report No.

Description of'd_gﬁciﬁncy

Root Cause of dﬁl‘;lcnency

Programmati.f:' Impact of deficiency

~[Does the‘serid'us.‘;‘_)',éss;pf the deficiency require immediate régorting to the TCEQ? If so, when was it?

Corrective Actm,p to ?ddress the deficiency and prevent its recurrence

Proposed Comp];;tiou Date for Each Action

Individual(s) Responsible for Each Action -

Method of Veuflmatnqn

Date Correctfw’;édﬁ;_cti-(im Plan Closed?

L

A
o
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ATTACHMENT 1

Example Letter to Document Adherence to the QAPP

TO: (name}
{organization)
FROM: (name}
{organization)
RE: Contractor Name, QAPP Tiile

Please sign and return this form by (date) to:
{address)

I acknowledge receipt of the “QAPP Title, Revision I>ate”. [ understand that the document destribes quality
assurance, quality control, data management and repoiting, and other technical activities that mist be implemented
to ensure the results of work performed will satisfy stated performance criteria,

My signature on this document signifies that Thave read and approved the document contents. Flifﬁhermore, Twill
ensure that all staff members participating in activities covered under this QAPP will be requirad (o familiarize
themselves with the document contents and adhere to the contents as well,

Signature - Date

Copies of the signed forms should be sent by the Contractor to the TCEQ NPS Project Manager within 60 days of
TCEQ approval of the QAPP,
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