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1.0 Project/Task Organization

This document presents the quality assurance prolgc (QAPP) for developing total maximum
daily loads (TMDLSs) in Floyd’s Fork, Kentucky. U.Environmental Protection Agency (EPA)
Region 4 has tasked Tetra Tech with support toftMBL development under Contract No. EP-C-
08-004, Task Order (TO) 83. Primary technical supfuw this effort is being conducted by the
Atlanta, Georgia, office of Tetra Tech in conformarwith the quality assurance (QA) program
described in this QAPP.

The organizational aspects of the program providdriamework for planning and conducting tasks.
They can also facilitate project performance arfieaehce to quality control (QC) procedures and
QA requirements. Key project roles are filled bggl persons responsible for ensuring the gathering
of valid data and the routine assessment of theefdafprecision and accuracy, as well as the data
users and the person(s) responsible for approvidgaacepting final products and deliverables. The
program organization chart, presented as Figuirecllides relationships and lines of communication
among all participants and data users. The reshititiss of these persons are described below.

The EPA Region 4 Task Order Manager (TOM) is TimolYand the alternate TOM is Elizabeth
Belk. They will provide overall project and prograwersight for the task order. They will review

and approve project work and QA plans, as welhgerim and final deliverables. The EPA TOM and
alternate TOM will also coordinate with contractaeviewers, and others to ensure technical quality
in all deliverables and adherence to the contescgppropriate.

The EPA Region 4 QA Coordinator (QAC) for this TOWilliam Melville, and his responsibilities
include reviewing and approving the QAPP and pigaiing in any EPA reviews of work
performed, as appropriate.

Tetra Tech’s Task Order Leader (TOL) is Brian Watsand the technical monitor is Steven Davie.
They will oversee all work conducted under the Bpecific responsibilities of the Tetra Tech TOL
include the following:

» Coordinating project assignments, establishingripes, and scheduling

» Ensuring completion of high-quality projects withldgastablished budgets and time schedules

» Acting as primary point of contact for the EPA TGivid alternate TOM

» Providing guidance, technical advice, and perforreagvaluations to those assigned to the
project

* Implementing corrective actions and providing pssfenal advice to staff

» Preparing or reviewing preparation of project defables, including the QAPP and other
materials developed to support the project

» Distributing the approved QAPP and any updatekdéapproved QAPP to staff on the
distribution list

* Providing guidance on development of new site-seiodels and review of developed
models

» Providing support to EPA in interacting with th@ject team, technical reviewers, and others
to ensure that technical quality requirements efdtudy design objectives are met in
accordance with EPA’s objectives
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Tetra Tech’s QA Officer is John O’Donnell. His pany responsibilities include providing support
to the Tetra Tech TOL in the development of the @AReviewing and approving the QAPP, and,
with the assistance of the QC Officers, monitoi@@ activities to determine conformance with
QA/QC requirements.

Tetra Tech’s Modeling Lead is Dr. Hugo Rodriguer] &e will assist in the evaluation of currently
developed watershed and water quality models itieditoy the TOM. As appropriate and as directed
by the TOM, he will assist the TOL in the oversightd development of additional model input data
sets, model application, comparison of model redolbbserved data, evaluation of model
calibration, and document preparation. He will algersee and supervise the details of any
additional modeling efforts and provide guidance@vising and debugging existing, EPA-approved
models, as appropriate. Dr. Rodriguez will impletrtée QA/QC program, and ensure that assigned
work is completed on schedule, with strict adheeeiocthe established procedures, and that all
procedures and analyses are fully documented,@sg@ymte. Other technical staff will perform
literature searches; assist in secondary datactiolle compilation, and QA review; and help
complete draft and final modeling reports, as appate.

Tetra Tech modeling staff will be responsible fewdloping model input data sets, calibrating and
validating the model, applying the model results] ariting a final report. They will implement the
QA/QC program, complete assigned work on schechdenath strict adherence to the established
procedures, and complete required documentation.

In his role as the Technical Monitor and QC Offjaddr. Steven Davie, will provide additional
oversight. He is a member of the project staff isrfdmiliar with the models to be used. Mr. Davie
will not participate in the application of the mdsleHe will be responsible for performing

evaluations to ensure that QC is maintained througthe data collection and analysis process. QC
evaluations will include reviewing site-specific de equations and codes (when necessary),
double-checking work as it is completed, and priogidvritten documentation of these reviews to
ensure that the standards set forth in the QAPRraother planning documents are met or exceeded.
Other QA/QC staff, including technical reviewersldachnical editors selected, as needed, will
provide review oversight of the content of the wprkducts and ensure that the work products
comply with EPA’s specifications.

2.0  Problem Definition/Background

Section 303(d)(1)(c) of the Clean Water Act (CWAJats associated policy and program
requirements for water quality planning, managemamd implementation (at Title 40 of thede of
Federal Regulations [CFR] Part 130) require the establishment of a TM0r the achievement of
state water quality standards when a waterbodytemguality-limited. A TMDL identifies the
pollutant/waterbody-specific assimilative capacityich includes an appropriate margin of safety.
The focus of the TMDL is reduction of pollutant utp to a level (or “load”) that fully supports the
designated uses of a given waterbody. The meahanised to address water quality problems after
the TMDL is developed can include a combinatiote$t management practices or effluent limits
and monitoring required through National PollutBigcharge Elimination System (NPDES) permits.

The Kentucky 303(d) list identifies streams witkine state that do not meet their designated use or
partially fail to meet their designated uses. ER#gign 4 has contracted with Tetra Tech to assist
Kentucky Department of Environmental Protectiossision of Water (KDOW) in the

development of a watershed and riverine model @Rloyds Fork watershed and river to the
confluence with the Salt River, and for developnm@miIMDLs for waters within watershed not
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meeting prevailing water quality criteria for thaitainment of their designated uses. Segments of
Floyds Fork fail to meet state water quality cidgdior warm water habitat and nutrient-related
impairments. In preparation for the modeling andDIMlevelopment effort, EPA funded the U.S.
Geological Survey (USGS) to collect nutrient angamic enrichment data to assist KDOW in
evaluating the current condition of the watersfieztra Tech will develop and calibrate a watershed
and riverine model using all available data inahgdihose information sources identified in Section
3 of this plan to address nutrient loadings andtimgevater quality standards for chlorophgland
dissolved oxygen (DO). Concurrent with the initi@deling phase of the project KDOW will be
developing numeric nutrient criteria for total nigen and phosphorus (TN and TP) for review by
EPA and subsequent use as TMDL load allocatioretarg

TMDL development includes running any required ni@gplications; development and calibration
of models, if appropriate; and development of diMDL and modeling reports and preparation of
the associated administrative records.

This QAPP describes the quality system that Tett@hTwill implement to effectively plan
throughout this project and provides general dpsons of the work to be performed to support the
development of required TMDLs and modeling repdtis,standards to be met, and the procedures
that will be used to ensure that the results aensfically valid and defensible and that uncertgi

has been reduced to a known and practical minindims. project does not require the collection of
primary data. During the initial data collectiondanventory operations, it might be determined that
primary data should be collected to better charaet¢he waterbodies. Should additional data
collection be required in consultation with the T@ stakeholders, Tetra Tech will, under the
TOM's technical direction or in response to an admeeant to this TO, develop a separate field
sampling QAPP or QAPPs to detail the locationsfaeguency of sampling, parameters to be
measured, and the data quality objectives to beandtto document the rationale for the monitoring
plan and the procedures to be used to collect tiatse

3.0 Project/Task Description

Task 1. Quality Assurance Project Plan

This QAPP has been developed in accordance witletherements in to guidance provided=RA
Requirements for Quality Assurance Project Plans. (EPA QA/R-5, EPA/240/B-01/003, U.S.
Environmental Protection Agency, Office of Enviroamtal Information, Washington DC, March
2001 [Reissued May 2006]) (USEPA 2001); EP@&igdance for Quality Assurance Project Plans

for Moddling. (U.S. EPA QA/G-5M, EPA/240/R-02/007, U.S. Enviroemal Protection Agency,
Office of Environmental Information, Washington, DQecember 2002) (USEPA 2002a) and
Guidance on the Devel opment, Evaluation, and Application of Environmental Models (EPA/100/K-
09/003, U.S. Environmental Protection Agency, Gffaf the Science Advisor, Council for
Regulatory Environmental Modeling [CREM], WashingtioC, March 2009) (USEPA 2009b); and
on the basic requirements of tBBA Office of Water Quality Management Plan. (EPA/821/R-
09/001, U.S. Environmental Protection Agency, Gffad Water, Washington DC, February 2009).
The draft QAPP has been developed for EPA reviewagproval and the final plan will be
developed in consideration of EPA comments andesigadl revisions for implementation by the
project team.
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Task 2. Floyds Fork Watershed Model

Tetra Tech will develop a watershed model for thigre Floyds Fork watershed to the confluence
with the Salt River. The watershed model will bélrated for: flow, nutrients (nitrogen and
phosphorus), and biochemical oxygen demand. Gafputemperature, dissolved oxygen and
chlorophyll-a will also be evaluated. Tetra Tedh wtilize the Loading Simulation Program C++
(LSPC) as the watershed model. The simulatiorogexilll be determined at the first meeting with
EPA and KDOW, but is expected to be from Janua000 through at least December 31, 2010.

The watershed model will be divided into modelingy-$asins based on hydrologic criteria to be
represented as a series of hydraulically connestibelvatersheds in which the watershed model will
calculate surface water runoff and the advectiaedport of constituents using historic precipitatio
data. The following data and other modeling regmients will be required to perform the
continuous watershed model simulations:

= Meteorological Data: Hourly meteorological datanfraveather stations within, or
in close proximity to, the sub-watershed will beedisn the watershed model.
Precipitation data for the watershed will be gatderom several sources and the
watershed will be subdivided into Thiessen polygaith precipitation stations
as centers, in order to select the station for watershed. The potential
evapotranspiration will be calculated from the maxn and minimum daily
temperatures obtained from either NCDC or othearllogtwork stations. The
Hamon PET method will be used to calculate houdteptial evapotranspiration
using air temperature, a monthly variable coeffitighe number of hours of
sunshine (based on latitude), and absolute humi@itymputed from air
temperature).

» Land Use/Land Cover: The watershed model usesdawner data as the basis for
representing hydrology and nonpoint source loadiegra Tech will discuss with
EPA and KDOW what source of land use/land coverr ghall be utilized for this
modeling effort. If KDOW does not have any localal then the 2011 NLCD
land use coverage will be used. Land cover categéor modeling are expected
to include open water, urban, barren or miningplenod, pasture, forest, and
grassland. Coverages of imperviousness will alsoutiezed to develop the
typical imperviousness percentages for each larel asegory. The percent
imperviousness of a given land category will becalated as an area-weighted
average of land use classes encompassing the mgdetid category.

» Soils Data: Soils data for the watershed will btamed from the STATSGO or
SSURGO Database. There are four main hydrologlagsoups. The different
soil groups range from soils that have a low rummifential to soils that have a
high runoff potential. The total area that eachrbi@bic soil group covers within
each sub-watershed will be determined. The hydroleoil group that has the
highest percent of coverage within each sub-wagerstill be used to represent
the sub-watershed.



TMDL and Model Development for Floyd's Fork, Kentucky Draft QAPP 296, Revision 0
Date: July 15, 2011
Page 6 of 31

= Digital Elevation Model: Digital elevation modeDEM) data will be obtained
for the watersheds modeled and shall have at keds$i-meter grid resolution.
These data will be used to determine the channklatershed slopes for use in
the watershed model.

= Point Source Discharge Data: The watershed modkinglude point source
discharge data. This data will be obtained frothezi KDOW or EPA’s PCS
database. At the first meeting with KDOW and ERAyill be discussed if there
should be a flow cutoff limit for point sources. orFexample, should point
sources with a permitted flow below 0.1 MGD be exed from the model. In
addition, it will be determined to what level oftde that will be included for
each point source. This will determine whether thiynDMR data or daily data
will be needed for each point source.

= Water Withdrawal Data: The watershed model wittlie water withdrawal
data. This data will be obtained from either KDGMWEPA's PCS database.
Similar to the point source discussion, at the fineeting with KDOW and EPA,
it will be discussed if there should be a flow d¢titinit for water withdrawals.

=  Septic Systems and Land Application System Datae Wwatershed model will
include septic systems and any land applicatiotesys data. This data will be
obtained from either KDOW or county health deparitae

The watershed model will be calibrated to dailywioand discrete instream water quality data
measured by KDOW, USGS, local municipalities, c@sjtand other sources of data identified by
KDOW. The watershed models will simulate the ralinfunoff process for both flow and water
quality and the results of these models will bedusetributary inputs to the river model.

This task will also include the following:

» Identify existing data and informational sourcesjuding where and how to retrieve these
data and information.
= USGS Flows
=  USGS Water Quality Data (Collected under IAG forAEP
= NPDES Data (Kentucky Department of Water, EPA)

» Data will be processed into the Water Resourceali2se (WRDB), this should include all
of the observed data (meteorological, water qudlibyv, environmental), watershed
predictions for flow, nutrients, and BOD.

» Develop model and calibrate to all available date watershed will be delineated to allow
for the investigated of each individual tributaoyRloyds Fork.

» Develop a watershed modeling report (Draft & Fird#jailing sources of data, assumptions
made in the calibration, calibration time seriespirs and any sensitivity analysis that is
done.

» Deliver Calibrated Model (Models and Input Files)

* Provide onsite training to KDOW modeling staff hetuse of the watershed model. This will
be scheduled at the end of the project and wili@de with the river water quality model.

LSPC
LSPC represents receiving waters as one-dimensiom@lpletely mixed stream reaches or
reservoirs. It is a dynamic watershed model drivgtime-variable weather input data. It produces
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time series of flow and pollutants simulating tgams in overland flow, the vadose and saturated
zones, and in-stream components of the systeny asirarea-weighted or lumped methodology.
LSPC can simulate loadings from multiple land e represent in-stream processes that affect the
fate of nutrients within the stream network. Modetumentation is available from EPA
(http://www.epa.gov/athens/wwqt¥c/

Input data for LSPC includes three main categaiesformation: (1) landscape data, including
topography, point source locations, locations amthections among streams, and the like; (2)
meteorological data, including precipitation, @mfperature, humidity; and (3) land use and
pollutant-specific data (land use areas, monitodatn, and such). The watershed loading component
of the model divides all land uses into pervioud mnpervious segments, which are further grouped
by land use and subbasin. Loads from subbasin®ated to receiving waters (representative stream
reaches or reservoirs).

LSPC can evaluate both point and nonpoint souncésianulate both land-based (e.qg., rainfall-
runoff) and in-stream water movement and proced$id®gen/phosphorus pollution loading can
originate from a wide variety of nonpoint sourcas;h as agriculture, on-site wastewater treatment
systems (e.g., septic systems), urban runoff, timpbeduction areas, and atmospheric deposition.
Only runoff processes are simulated for impervians! units, whereas interflow and baseflow are
simulated in addition to runoff for pervious lancits.

For each pervious and impervious land segment, LSiR@stimate the water budget, sediment
transport, and general water quality constituemtsch will represent total nitrogen (TN), total
phosphorus (TP) and biochemical oxygen demand (B@D®ach waterbody segment, LSPC will
simulate hydraulic behavior, water temperaturendpart of TN, TP, and sediments, and transport of
BOD. LSPC simulates nitrogen/phosphorus pollut@ading from watersheds using a
buildup/washoff approach wherein nutrients accuteub@tween rain events and are mobilized and
transported into streams during rain events. Wsimguthat method, nitrogen, phosphorus and other
constituents can be applied to the land surfacetowe so that a mass of the pollutant accumulates
and is then removed at a rate correlated to agoraling quantity of sheet flow on the land surface

Task 3. Development of Floyds Fork Water Quality Model

Tetra Tech will develop a water quality model floe tFloyds Fork River to address nutrients loadings
and meeting a water quality standard for chlorophynd dissolved oxygen. Tetra Tech will utilize
the Water Quality Analysis Simulation Program (WAER) as the water quality model. The
simulation period will be determined at the firsteting with EPA and KDOW, and will coincide

with the watershed model simulation period.

This task will include:

» Identify existing data and informational sourcesluding where and how to retrieve these
data and information.

* These data will be put into a form that will beiBasansmitted to KDOW (WRDB)

» Develop model and calibrate to all available data

» Develop a water quality modeling report detailingises of data, assumptions made in the
calibration, calibration time series graphs and semnsitivity analysis that is done.

» Develop load reduction scenarios in consultatiati whe TOM to meet water quality
criterion.
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» Provide onsite training to KDOW modeling staff hretuse of the water quality model. This
training will be coordinated with the training dfet watershed model and will be conducted
at the end of the task.

WASP

WASP is an EPA-developed and supported water gualitdel that is routinely applied throughout
the United States and worldwide to investigate watmlity issues. WASP7 is the newest version of
WASP (released June 7, 2010) and has many upg@attes user interface and to the model
capabilities. WASP can be downloadedhtip://www.epa.gov/athens/wwqtsc/html/wasp.html

The LSPC will be linked to the WASP model by pramgiflows and loads at tributaries and local
drainage areas. Three organic carbon variablgsgplaquivalent role as BOD, representing organic
matter that is relatively refractive, of an intediade reactivity, or labile. Nitrogen is dividedan
organic and inorganic fractions. Organic nitrogeiesvariables are dissolved organic nitrogen,
labile particulate organic nitrogen, and refractpayticulate organic nitrogen. Inorganic nitrogen
forms are ammonia (NH3) and nitrate (nitrite is licigy represented). Both nitrate (NO3-) and
ammonia (NH3) are used to satisfy algal nitrogeuirements, with ammonia (NH3) being
preferred. The primary reason for distinguishing tilvo is that ammonia is oxidized by nitrifying
bacteria into nitrate. Nitrification can be a sigrant sink of oxygen in the water column. Sediment
nitrification is represented implicitly via the budiary condition value for sediment oxygen demand
(SOD). As with carbon and nitrogen, organic phospfids considered in three states: dissolved
organic phosphorus, labile particulate phosphand,refractory particulate phosphorus. Only a
single inorganic form, orthophosphate, is conside@thophosphate exists as several states in the
model ecosystem: dissolved phosphate, phosphabebedisto inorganic solids, and phosphate
incorporated in algal cells. Equilibrium partitionefficients are used to distribute the total among
the three states.

WASP is capable of simulating four classes of algaeh targeting a specific ecological “niche”
defined by distinctive characteristics of the clasd the role those characteristics play in eceayst
function. Cyanobacteria, commonly called blue-gralgae, are characterized by their abundance as
picoplankton in saline water and by their bloomnfiorg characteristics in fresh water. Being very
small, picoplankton do not sink at appreciablegafaother key feature of cyanobacteria is that
some species, generally in lakes, fix atmosphetiogen and can form harmful blooms. Diatoms are
distinguished by their need for silica to form thgliceous tests. Diatoms can grow quickly if give
sufficient nutrients but also sink relatively quigkbeing large cells and lacking flagella to aetiv
maintain position in the water column. Planktorigaa that do not fall into the two groups are
lumped into the heading of green algae. Green agtile at a rate intermediate between
cyanobacteria and diatoms and are subject to grgteing pressure than are cyanobacteria. The
fourth category is macroalgae, which could be etqubto increase in biomass when nutrients are
available but high flushing rates prevent accunmat of planktonic algae.

WASP is able to simulate sediment-water oxygenrarident exchanges by simulating sediment
processes using a sediment diagenesis model. Suabpaoach entails substantial data requirements,
and a need for adequate data to calibrate the mbdelapproach that Tetra Tech is considering
using for Floyds Fork is to specify those oxyged antrients fluxes as boundary conditions. That
could improve model performance relative to a ppsgecified and calibrated simulation of the
processes. A limitation of the approach is thahédinges in benthic processes such as SOD or
nutrient fluxes are an important aspect of theaasp of the ecosystem to changes in nutrient
loading, the model will not be able to reflect tawesponses. For example, if estimates of SOD are
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based on recent observations (e.g., Murrell &@09) and SOD would decrease if
nitrogen/phosphorus pollution loading rates de@eéathe model would tend to underestimate the
improvement in bottom water oxygen condition thaild be associated with reduced
nitrogen/phosphorus pollution loading. EPA couldrads that by modifying the boundary condition
used in pollution reduction scenarios.

Task 4. Floyds Fork TMDL Development

Tetra Tech will develop a TMDL document for the y&ls Fork watershed. The TMDL will have
initial allocations for all point sources (continugopoint and MS4) and potential reductions in
nonpoint sources. The TMDL reduction scenarios belldone in consultation with the TOM and
reviewed by KDOW personnel. The draft TMDL will babmitted in electronic format with the
accompanying watershed and water quality modekponts.

Task 5. Stakeholder Meetings

Tetra Tech will conduct and facilitate at leastlic outreach meetings in the Louisville, KY area.
The purpose of these meetings are to bring altested parties (Municipal Sewer District -
Louisville, Environmental Interest Groups, EPA a{dOW) together to form a consensus on the
modeling and TMDL development. EPA and KDOW wilbpide a list of potential invitees. The

first meeting will be used to introduce the teclh@pproach that will be used in model development
and TMDL determination. This meeting will also beed to solicit additional information and
approaches that could be used in the TMDL detertmoimaOther stakeholder meetings will be held
at the completion of the watershed modeling, watetdity modeling, the draft of the TMDL, and the
finalization of the TMDL.

Task 6. Training
Tetra Tech will provide a one week onsite trairtingt will cover the development and use of the
watershed and water quality modeling. The trainiilgtake place at KDOW's offices. Training will
include:

* Overview of Watershed and Water Quality Model

» Delineation of Watershed and Water Quality Model

* Overview of all forcing functions for the Watershaad Water Quality Model

e Calibrations process

* TMDL Determination and overview of reduction sceosr

Schedule
The following schedule outlines key deliverableteda

Table 1 Project Schedule

Task Item Deliverable Draft Date | Final Date
Task 1 Quality Assurance Plan Signed QAPP Document 07/15/2011 | 07/22/2011
Task 2 Draft Watershed Modeling Report | MS Word Document 12/30/2011 | 04/01/2012
Task 2 Final Watershed Modeling Report | MS Word Document 03/01/2012 | 04/01/2012
Draft Water Quality Modeling

Task 3 Report MS Word Document 05/01/2012 | 07/18/2012
Final Water Quality Modeling

Task 3 Report MS Word Document 06/01/2012 | 07/18/2012
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Task 4 Draft TMDL Document MS Word Document 8/17/2012 | 09/16/2012
MS Word Document and

Task 4 Final TMDL Document Final Models 8/17/2012 | 09/16/2012

Task 6 Training Training Materials TBD 11/15/2012

4.0  Quality Objectives and Criteria

Data quality objectives (DQOs) are qualitative godntitative statements that are used in the grojec
planning and implementation to clarify the intendesg of the data, define the type of data needed to
support the decision, identify the conditions unatlich the data should be collected, and specify
tolerable limits on the probability of making a @&an error because of uncertainty in the data (if
applicable). Data users develop DQOs to specifydtita quality needed to support specific
decisions.

Data of known and documented quality are esseutiie success of any water quality modeling
study, which in turn generates data for use inouerievaluations and to make decisions. Model
setup, calibration, and validation for the projestler this QAPP will be accomplished using
currently available data. The QA process for thislg consists of using data of acceptable quality,
data analysis procedures, modeling methodologytecithology, administrative procedures, and
auditing. Project quality objectives and criteiaa fneasurement data will be addressed in the contex
of the two tasks discussed above: (1) evaluatiagjtiality of the data used, and (2) assessing the
results of the model application.

The quality of an environmental monitoring progream be evaluated in three steps: (1) establishing
scientific assessment quality objectives, (2) eatahg program design for whether the objectives can
be met, and (3) establishing assessment and measuirquality objectives that can be used to
evaluate the appropriateness of the methods beed) in the program. The quality of a data set is
some measure of the types and amount of error iassoavith the data.

Sources of error or uncertainty in statistical infece are commonly grouped into two categories:

» Sampling error: The difference between sample values and intsiwvalues from unknown
biases due to sampling design. Sampling error dedwatural variability (spatial
heterogeneity and temporal variability in populatadundance and distribution) not
specifically accounted for in a design (for desigised inference), and variability associated
with model parameters or incorrect model specificatfor model-based inference).

* Measurement error: The difference between sample values and intgigivalues associated
with the measurement process. Measurement erroidies bias and imprecision associated
with sampling methodology; specification of the géing unit; sample handling, storage,
preservation, and identification; and instrumentati

Sections 4.1 through 4.7 describe DQOs and criterienodel inputs and outputs for this project,
written in accordance with the seven steps deatiib&PA’sGuidance on Systematic Planning
Using the Data Quality Objectives Process (EPA QA/G-4) (USEPA 2006).

4.1 State the Problem

Excess inputs of nutrients (nitrogen/phosphorukipoh) and pathogens in surface waters can be
harmful in aquatic ecosystems by directly produ@rgess plant and algal growth, and indirectly
leading to reduced clarity, reduced oxygen levsltha algae and plants decompose, and decreased
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biodiversity. Primary sources of nutrient and pg#émloading to aquatic ecosystems may include
illegal dumps or other inappropriate waste dispasdlan runoff/storm sewers; package plant or
other permitted small flow discharges; municipahpsource discharges; highway/road/bridge
runoff (non-construction related); grazing in riparor shoreline zones; agriculture; and site
clearance (land development or redevelopment; ngetgin related).

4.2 Identify the Study Question

The study’s objective is to support developmenEMDLs and associated waste load allocations
which will meet prevailing water quality standafds chlorophylla and DO, and potentially those
numeric criteria for TP and TN under developmenKYOW which will result in attainment of
designated uses.

4.3 Identify Information Needs

The objective of this modeling project is to deterathe allowable loads of nutrients that the water
within the Floyds Fork watershed can receive wsiik attaining water quality standards (WQS) for
chlorophyll a and DO, and possibly nutrients, pagdhe final development and approval of
KDOW'’s numeric criteria. Wasteload allocations paint sources and load allocations for nonpoint
sources need to be developed to support attainofistindards and designated uses.

The load allocations will be used to develop paiml nonpoint source reduction plans on the basis
of meeting relevant ambient water quality criteria.general, ambient water quality criteria have
incorporated a margin of safety such that conceatrsiat or just less than the criterion indicate a
potential for unacceptable risks to aquatic lifegeedances are anticipated to produce impairment.

Input data for LSPC includes three main categafesformation: (1) landscape data, including
topography, point source locations, locations amthection among streams; (2) meteorological data,
including precipitation, air temperature, and huigicand (3) land use and pollutant-specific data
(e.g., land use areas, monitoring data). The wagerading component of the model divides alll
land uses into pervious and impervious segmentisivare further grouped by land use and
subbasin. Loads from subbasins are routed to riegewaters (representative stream reaches or
reservoirs).

Tetra Tech is considering using the following madeluts to support development of numeric
nutrient criteria for Florida estuarine waters:

* USGS NHD+ catchments
* U.S. Department of Agriculture (USDA) Natural Resms Conservation Service (NRCS)
12-digit HUCs
* Subwatershed information (e.g., elevations, slofesh lengths)
o0 National Elevation Dataset (NED) 1/3 arc-secondr{ie@er by 10 meter)
* Land use
o National Land Use/Land Cover Dataset (2011).
* Meteorological data
0 NOAA NCDC rainfall data
0 Kentucky State Climatological Office
» NPDES-permitted point sources and water withdrafvalm KDOW
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4.4 Specify the Characteristics that Define the Population of Interest
The tasks in this project must support the goguaintifying the amount of nutrient and sediment
loading that Floyds Fork watershed can assimildtgevattaining relevant water quality standards.

The statistical criteria for the designations/adliians are detailed with the error discussion ictiSe
4.6.

In most cases, the statistical criteria for load$ eoncentrations are detailed in the error disonss
in Section 4.6.

45 Develop the Strategy for Information Synthesis

Tetra Tech will use a systematic planning procespply LSPC and WASP models for developing
the watershed model and the subsequent TMDLs iydBI&ork watershed. That process takes into
account the following elements:

» The accuracy and precision needed for the modgieettict a given quantity at the
application site of interest to satisfy regulatobjectives

» The appropriate criteria for making a determinatbmwhether the models are accurate and
precise based on past general experience combiitiedite-specific knowledge and
completeness of the conceptual models

* How the appropriate criteria would be used to deiee whether model outputs achieve the
needed quality

Acceptance criteria that result from systematicipiag address the following types of components
for modeling projects. Criteria used in selecting appropriate model will be documented in the
modeling reports and typically include the follogin

» Technical criteria (concerning the requirementgiiermodel’s simulation of the physical
system)

* Regulatory criteria (concerning constraints imposgdegulations, such as water quality
standards)

» User criteria (concerning operational or economacaistraints, such as hardware/software
compatibility)

The Tetra Tech TOL compared available models tecs¢he most ones to use for this study. In
addition, existing model programming language cardnverted into a different programming
language to enhance software compatibility. Theetsothat will be used are

« LSPC
« WASP
« WRDB

4.6 Specify Performance and Acceptance Criteria

Quantitative measures, sometimes referred to dwathbn criteria, include thedative error
between model predictions and observations aseatk:felow.

>|0-P|
= ———x100
Era 50
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whereE, 4= relative error in percent. The relative errothie ratio of the absolute mean error to the
mean of the observations and is expressed as enperc

Models will be deemed acceptable when they aretaldanulate field data within predetermined
statistical measures. Examples of these statistiealsures are described in Table 2. Future vasabl
can be added to a future appendix if deemed nagesshose statistical criteria will vary depending
on the focus of the model study. When applying veded hydrologic models, for example, Tetra
Tech will use a hydrologic calibration spreadsheatetermine the acceptability of modeling results.
The spreadsheet computes the relative error faowsiaspects of the hydrologic system. Statistical
targets that have been developed and implementaeuious studies (Lumb et al. 1994) are defined
and met for each aspect of the system before angethe modelError! Reference source not
found. 3). Similar comparisons are made for other modetimmponents (e.g., watershed pollutant
loads and receiving water quality).

Table 2 Statistical Measures for Model Comparisons (USEPA 2000)

State Variable Percent Difference between Simulated and Observed Values
Excellent Good Fair

Water Temperature <7 8-12 13-18

Water Quality / <15 15-25 25-35

Dissolved Oxygen

Nutrients / Chlorophyll a <30 30-45 45-60

Table 3 Relative errors and statistical targets for hydrologic calibration

Relative errors (simulated-observed) Statistical target
Error in total volume +10%
Error in 50% lowest flows: +10%
Error in 10% highest flows: +15%
Seasonal volume error - Summer: +30%
Seasonal volume error - Fall: +30%
Seasonal volume error - Winter: +30%
Seasonal volume error - Spring: +30%
Error in storm volumes: +20%
Error in summer storm volumes: +50%

It is important to clarify that these targets arended to be applied to mean values, and that
individual events or observations may show largier@nces and still be acceptable.

Calibration for water quality will proceed sequeliii after hydrologic calibration. Unlike flow,
water quality parameters are not observed contsiyour he calibration must therefore rely on
comparison of continuous model output to pointimetand-space observations. This creates a
situation in which it is not possible to fully seate error in the model from variability inherentthe
observations. For example, a model could providaczurate representation of an event mean or
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daily average concentration in a reach, but arviddal observation at one time and one point in a
reach itself may differ significantly from the aage. In addition, any uncertainty present in the
hydrologic calibration will also propagate into tlvater quality simulation.

For these reasons, specific acceptance criteriaarnere-specified for the water quality simulation
Instead, attempts will be made to minimize relagwer and bias. For model uses to establish
allocations it is particularly important to conttwbs in the simulation. Bias relative to flow ireg
will be evaluated through the use of rating cuegressions and logistic regressions on the load-
duration curves.

4.7 Optimize the Design for Obtaining and Generating Adequate Data or Information

The data requirements of this project encompasscéspf both laboratory analytical results obtained
as secondary data and database management to seduices of errors and uncertainty in the use of

the data. Data commonly required for populatingbase to supply data for calibrating a model are
listed in

DATA TYPE | EXAMPLE MEASUREMENT ENDPOINT(S) OR UNITS

Geographic or Location Information (Typically in GIS Format)

Land use acres
Soils (including soil characteristics) hydrologic group
Topography (stream networks, watershed boundaries, elevation in feet and meters; percent slope

contours, or digital elevation)

Water quality and biological monitoring station locations | latitude and longitude, decimal degrees (North
American Datum 1983; NAD83)

Meteorological station locations latitude and longitude, decimal degrees

Permitted facility discharge locations latitude and longitude, decimal degrees

Impaired waterbodies (georeferenced 303(d)-listed latitude and longitude, decimal degrees

AUs)

Dam locations latitude and longitude, decimal degrees

Municipal separate storm sewer discharge locations latitude and longitude, decimal degrees

Mining locations latitude and longitude, decimal degrees
Flow

Historical record (daily, hourly, 15-minute interval) cubic feet per second (cfs)

Dam release flow records cfs

Peak flows cfs

Meteorological Data

Rainfall inches
Temperature degrees C
Wind speed miles per hour
Dew point degrees C
Humidity percent or grams per cubic meter
Potential evapotranspiration Inches
Cloud cover percent
Solar radiation watts per square meter
Water Quality (Surface Water, Ground Water)
Chemical monitoring data milligrams per liter (mg/L)
Field parameters (turbidity, pH, water temperature) Nephelometric turbidity units (NTU), hydrogen ion

activity (pH), temperature (degrees C).

Discharge Monitoring Report discharge characteristics (flow and chemical loading)
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DATA TYPE EXAMPLE MEASUREMENT ENDPOINT(S) OR UNITS
Permit Limits mg/L
Regulatory or Policy Information
Applicable state water quality standards mg/L
EPA water quality standards mg/L
On-site Waste Disposal
Septic systems number of systems, locations, failure rates
Illlicit discharges straight pipes
Land Management Information
Agricultural practices (major crops, rotation; manure description of crop rotations; pounds manure applied
management practices, fertilization practices, pesticide per acre
use)
Best Management Practices length and width of buffer strips
Additional Anecdotal Information as Appropriate
Stream networks, watershed boundaries, contours or specific descriptive codes
digital elevation, storm water permits, storm
characteristics, reservoir characteristics, facility type,
permit status, applicable permits, best management
practices, major crops, crop rotation, manure
management and application practices, livestock
population estimates, fertilization application practices,
pesticide use, wildlife population estimates, citizen
complaints, relevant reports, existing watershed and
receiving water models

Secondary data will be downloaded electronicaltyrfrvarious sources to reduce manual data entry
whenever possible. Secondary data will be organizi® a standard model application database. A
screening process will be used to scan througdaltebase and flag data that are outside typical
ranges for a given parameter; values outside typacaes will not be used to develop model
calibration data sets or model kinetic parameté&itse data used in the model, the time period from
which the data were collected, and the quality ireguents of the data will be described in the
TMDL report. If no quality requirements exist bthe quality of the secondary data cannot be
determined, a disclaimer that indicates that thedityuof the secondary data is unknown will be
added. The wording of this disclaimer will be alkdws:

The quality of the secondary data used in devel oping the TMDL could not be determined.

The goal of the modeling effort is to calculate evair sediment contaminant levels resulting from
one or more point and nonpoint sources. The i®sifithe modeling effort could be used to
establish NPDES permit limits or nonpoint sourcuetion plans on the basis of meeting relevant
ambient water or sediment quality criteria. Ingeh, ambient water and sediment quality criteria
have incorporated a margin of safety such thateatnations at or just less than the criterion
indicate a potential for unacceptable risks to huimealth or aquatic life, and exceedances are
anticipated to produce impairment. If the calcedigpoint source permit limit for the contaminant is
exceeded, water or sediment quality will be redymeskibly presenting a hazard.

Uncertainty in the data due to sampling and measemé errors or errors introduced during data
manipulation could result in identifying a hazarldem one does not actually exist or in not
identifying a hazard when one does exist. Thealvassumption being made during this process is
that the results of the assessment should be c@tsey, i.e., errors made by identifying a hazard
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when one does not actually exist are more accepthbh errors made by not identifying a hazard
when one does exist. Reducing data uncertairdi/tise highest priority. Because these data veill b
used to develop control measures, including NPD&$its and actions taken by state, territorial,
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Table 4 Secondary Environmental Data to Be Coll

ected for the Floyds Fork TMDL Development

DATA TYPE

[

EXAMPLE MEASUREMENT ENDPOINT(S) OR UNITS

Geographic or Location Inform

ation (Typically in GIS Format)

Land use

acres

Soils (including soil characteristics)

hydrologic group

Topography (stream networks, watershed boundaries,
contours, or digital elevation)

elevation in feet and meters; percent slope

Water quality and biological monitoring station locations

latitude and longitude, decimal degrees (North
American Datum 1983; NAD83)

Meteorological station locations

latitude and longitude, decimal degrees

Permitted facility discharge locations

latitude and longitude, decimal degrees

Impaired waterbodies (georeferenced 303(d)-listed
AUs)

latitude and longitude, decimal degrees

Dam locations

latitude and longitude, decimal degrees

Municipal separate storm sewer discharge locations

latitude and longitude, decimal degrees

Mining locations

latitude and longitude, decimal degrees

Flow

Historical record (daily, hourly, 15-minute interval)

cubic feet per second (cfs)

Dam release flow records cfs
Peak flows cfs
Meteorological Data
Rainfall inches
Temperature degrees C
Wind speed miles per hour
Dew point degrees C
Humidity percent or grams per cubic meter
Potential evapotranspiration Inches
Cloud cover percent

Solar radiation

watts per square meter

Water Quality (Surface

Water, Ground Water)

Chemical monitoring data

milligrams per liter (mg/L)

Field parameters (turbidity, pH, water temperature)

Nephelometric turbidity units (NTU), hydrogen ion
activity (pH), temperature (degrees C).

Discharge Monitoring Report

discharge characteristics (flow and chemical loading)

Permit Limits

mg/L

Regulatory or Policy Information

Applicable state water quality standards

mg/L

EPA water quality standards

mg/L

On-site Waste Disposal

Septic systems

number of systems, locations, failure rates

Illlicit discharges

straight pipes

Land Management Information

Agricultural practices (major crops, rotation; manure
management practices, fertilization practices, pesticide
use)

description of crop rotations; pounds manure applied
per acre

Best Management Practices

length and width of buffer strips

Additional Anecdotal Information as Appropriate
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DATA TYPE EXAMPLE MEASUREMENT ENDPOINT(S) OR UNITS

Stream networks, watershed boundaries, contours or specific descriptive codes
digital elevation, storm water permits, storm
characteristics, reservoir characteristics, facility type,
permit status, applicable permits, best management
practices, major crops, crop rotation, manure
management and application practices, livestock
population estimates, fertilization application practices,
pesticide use, wildlife population estimates, citizen
complaints, relevant reports, existing watershed and
receiving water models

tribal, or local authorities, to implement TMDLsreduce pollution, it is important to reduce
uncertainty by using appropriate QC protocols. cD$sion of conventional data quality indicators
(precision, accuracy, representativeness, comm@ssend comparability) appear in the Appendix.

Tetra Tech documents all data sources, includihgdterence citations in a bibliography and
parenthetical references in report text. Tetra Tash maintains paper and electronic copies of all
references. Documentation for all data sources {uk bibliographical information and metadata
where appropriate) will be collected and recorded.

5.0 Special Training Requirements/Certification

Tetra Tech staff involved in developing TMDLs, mbugput data sets and model applications have
experience in all phases of TMDL development amapett. Staff from Tetra Tech’s water resources
practice have developed more than 6,000 approveD[®Mor states, territories, local agencies, and
tribes for all water body types and numerous patitg, including more than 600 completed in EPA
Region 4. Much of this work has focused on devielpand applying tools and models in TMDL
and management decision-making, and training ERAstate staff to develop TMDLs and to
appropriately select and use models.

6.0 Documentation and Records

Thorough documentation of all modeling activitissiecessary for the interpretation of study
results. As directed by the EPA TOM, Tetra TecH prépare progress reports and other
deliverables, which will be distributed to proj@etrticipants as indicated by the EPA TOM. Data
and assumptions used to develop the TMDL modelsh&itecorded and documented in the
TMDL report.

The format of the raw data to be used for TMDL miqueameters, model input, model
calibration, and model output will be convertedte appropriate units, as necessary, for use in
TMDL development.

An administrative record will be developed concatikewith TMDL development. EPA
requires that all information used in TMDL calcidais for a specific project is included in the
administrative record for that project. The adntiaigve record is a complete repository of all
the data and information used to develop a TMDLe &tiministrative record will serve as the
project files for TMDL development and will contadopies of all records and documents,
including electronic versions of the data and maadglit data sets. The administrative record
will be delivered to EPA at the end of the TO. Ag®f the administrative record will be
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maintained at the Tetra Tech, Atlanta, GA, offioedt least 3 years (unless otherwise directed
by EPA’s TOM). The TOM and TOL will maintain fileas appropriate, as repositories for
information and data used in models and for thpgmagion of any reports and documents during
the project. Electronic project files are maintaime network computers and are backed up
periodically. The Tetra Tech TOL will supervise tme of materials in the administrative

record. The following information will be included the hard copy or electronic project files in
the administrative record:

* Any reports and documents prepared.

* Contract and TO information.

» Electronic copies of model input/output (for modalibration and allocation scenarios).

* Results of technical reviews, model tests, datditguessessments of output data, and
audits.

» Documentation of response actions during the ptaégecorrect model development or
implementation problems.

» Assessment reports for acquired data.

» Statistical goodness of fit methods and other naii® used to decide which statistical
distributions should be used to characterize tleedainty or variability of model input
parameters.

» Communications (electronic mail, memoranda, intenoées, telephone conversation
records, letters, meeting minutes, and all writterrespondence among the project team
personnel, subcontractors, suppliers, or others).

* Maps, photographs, and drawings.

» Studies, reports, documents, and newspaper arielésining to the project.

» Spreadsheet data files: physical measurementytiaabchemistry data, and
microbiological data (hard copy and on diskette).

The model application will include complete recardging of each step of the modeling process.
The documentation will consist of reports and féelsiressing the following items:

» Assumptions.

» Parameter values and sources.

* Nature of grid, network design, or subwatershethdation.
» Changes and verification of changes made in code.

* Actual input used.

» Output of model runs and interpretation.

» Calibration and validation of the model(s).

Formal reports submitted to EPA that are generfated the data will be maintained in the
central file (electronic and hard copy) at Tetraf’'s Atlanta office. The data reports will
include a summary of the types of data used, sagplates, and any problems or anomalies
observed during data analysis and review.

7.0 Sampling Process Design
Not applicable.
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8.0 Sampling Methods
Not applicable.

9.0 Sample Handling and Custody
Not applicable.

10.0 Analytical Methods
Not applicable.

11.0 Quality Control

The project team will follow the policies and prdoees detailed in this QAPP. In general, training
programs, materials, manuals, and reports prefmrdetra Tech staff will be subjected to internal
or external technical and editorial reviews befikefinal versions are submitted. Specific QC
procedures for the development, application, atibredion of the models used for this project are
described in this section.

The data quality of model input and output is adsleel, in part, by the training and experience of
project staff (Section 5.0) and documentation ofgut activities (Section 6.0). This QAPP and other
supporting materials will be distributed to all p@nnel involved in nutrient criteria model
development. The QC Officer will ensure that atlkimdescribed in the project action plan for
developing the required analyses and TMDLs argezhout in accordance with the QAPP. Staff
performance will be reviewed throughout each ofiMDL development phases ensure
adherence to project protocols.

QC is defined as the process by which QA is impleedin a modeling project. All project
modelers will conform to the following guidelines:

» All modeling activities including data interpretati, load calculations, or other related
computational activities are subject to audit eeinal review. Thus, the modelers are
instructed to maintain careful written and elecicaecords for all aspects of model
development.

* A written record of where the data used in the nwudere obtained will be kept, and any
information on data quality will be documentedhie final report. A written record on where
this information is located on a computer or backgaia will be maintained in the project
files.

The QC Officer or their designee will periodicatlgnduct surveillance of each modeler’s work.
Modelers will be asked to provide verbal statusrepof their work at periodic modeling subgroup
teleconferences. Detailed modeling documentatidnb&imade available to members of the
modeling subgroup as necessary.

The ability of computer code to represent modebtheccurately will be ensured by following
rigorous programming protocols, including documéatawithin the source code. Specific tests will
be required of all model revisions to ensure thattmental operations are verified to the extent
possible. Those tests include testing numericailgtaand convergence properties of the model
code algorithms, if appropriate. Model results W&l generally checked by comparing results to
those obtained by other models or by comparisdratm calculations. Visualization of model results



TMDL and Model Development for Floyd's Fork, Kentucky Draft QAPP 296, Revision 0
Date: July 15, 2011
Page 21 of 31

will assist in determining whether model simulatiare realistic. Model calculations will be
compared to field data. If adjustments to modehpaaters are made to obtaifitao the data, the
modelers will provide an explanation and justificatthat must agree with scientific knowledge and
with process rates within reasonable ranges agifouthe literature.

Both project-generated and non-project-generatelwlil be used for model development and
calibration. The QA procedures for project-genatatata and database development have been
discussed elsewhere in this QAPP. All analyticéhdar the model’s target parameters and most
supporting data will have been verified throughdfi@APP processes before release to the modelers.

The DQOs for this project are discussed in SeetiOrof this QAPP. Rigorous examination of
precision, accuracy, completeness, representaggedetectability, and comparability will be
conducted on project-generated data by the Mod€@dOfficer during model calibration and
application. Project-generated data will be vediféend validated using a process that controls
measurement uncertainty, evaluates data, anddlag@des data against various criteria. That
portion of the QA process is also associated vighfinal database construction. Modelers will
cross-check data for bias, outliers, normality, ptateness, precision, accuracy, and other potential
problems. These data and processes will be docechénthe TMDL Modeling Report.

Non-project-generated data might be obtained fritheepublished or unpublished sources, and the
modelers will examine those data as part of a gladdity assessment. Databases that have not been
published are also examined in light of a dataityuaksessment. Data provided by EPA or other
sources will be assumed to meet precision objestgtablished by those entities. For example, we
anticipate using IWR run 40 for the base wateripdhtaset. But we know additional data will
become available such as collected by Tampa BayaBsProgram and Florida’s Water

Management Districts. The acceptance criterianividual data values generally address the issues
described in the appendix.

12.0 Instrument/Equipment Testing, Inspection, and Maintenance

No instruments that need testing, inspection, dnteaance for collection and analysis of field
samples will be used in this study. If samplingsiguired for the project, the instrument and
equipment testing, inspection, and maintenancthiofield sampling program conducted for the
modeling study will be addressed in a separatd fiampling QAPP.

The majority of work conducted by Tetra Tech for DMdevelopment in the Floyds Fork watershed
will involve the acquisition or processing of datad the generation of reports and documents, both
of which require the maintenance of computer resgsirTetra Tech’'s computers are either covered
by on-site service agreements or serviced by irs@apecialists. When a problem with a
microcomputer occurs, in-house computer speciaisignose the trouble and correct it if possible.
When outside assistance is necessary, the congnéeialists call the appropriate vendor. For other
computer equipment requiring outside repair sesvar@ not covered by a service contract, local
computer service companies are used on a time-aterials basis. Routine maintenance on
microcomputers is performed by in-house computecisiists. Electric power to each
microcomputer flows through a surge suppressordtept electronic components from potentially
damaging voltage spikes. All computer users haes liestructed on the importance of routinely
archiving project data files from hard drive to quant disc or floppy disk storage. The Atlanta and
Fairfax office network servers are backed up oe taightly during the week. Screening for viruses
on electronic files loaded on microcomputers orrteevork is standard company policy. Automated
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screening systems have been placed on Tetra Temmputer systems and are updated regularly to
ensure that viruses are identified and destroyenhptly.

13.0 Instrument/Equipment (Model) Calibration and Frequency

If sampling is required for this project, the caditton and frequency of calibration for instruments
and equipment used to collect new data will be egklrd in a separate field sampling QAPP.

A model calibration is a measure of how well thedelaesults represent field daBecause the
TMDL program requires the implementation of loaduetion scenarios that may, in many
cases, require enormous capital expenditures,gh@fua calibrated model, the scientific
veracity of which is well defined, is of paramoimiportance.

The Tetra Tech TOL and Modeling Task Leader wiledi the model calibration efforts. Some
model parameters will need to be estimated usiegsgiecific field data for the model’'s application.
Some example parameters follow:

* Kinetic coefficients and parameters (e.g., paritoefficients, decay coefficients)
* Forcing terms (e.g., sources and sinks for statiablas)
* Boundary conditions (specified concentrations, #pw

Models are often calibrated through a subjectiid-and-error adjustment of model input data
because a large number of interrelated factoraenfte model output. The model calibration
goodness of fit measure can be either qualitative or quantita@uealitative measures of calibration
progress are commonly based on the following:

» Graphical time-series plots of observed and predidata
» Graphical transect plots of observed and predidéed at a given time interval

» Comparison between contour maps of observed amticped data, providing information on
the spatial distribution of the error

» Scatter plots of observed versus predicted valuagich the deviation of points from a 45-
degree straight line gives a sense of fit

» Tabulation of measured and predicted values anddbeiations

The TMDL models will be calibrated to the best $afalie data, including literature values and
interpolated or extrapolated existing field datanultiple data sets are available, an appropriate
period and corresponding data set will be choseth@masis of factors characterizing the data set,
such as corresponding weather conditions, amoutidtal, and temporal and spatial variability of
data. The model will be considered calibrated wihegproduces data within an acceptable level of
accuracy or approved by the EPA modeling subgr8epsitivity analysis (refer to Section 17.0) is
used to identify the most influential parameterdatermining the accuracy and precision of model
predictions. Sensitivity analysis can be used torove the efficiency of the calibration process.

Quantitative calibration measures include timeeseerror measures, and other statistic-based,
dimensionless performance indices. Quantitativasuees allow comparison of the level of
calibration and validation between modeling studiedifferent water bodies and different modeling
studies of a specific water body. Time series ameasures, particularly root mean square errogs, ar
typically used to evaluate model performance wétspect to predicting water surface elevation,
temperature and salinity. There are not quantiéidibhits because the Tetra Tech modelers and the
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EPA TOM may decide for a particular station that sihatistics (quantitative) are more or less
important than the graphical plots (qualitativehisTwill be a site-specific discussion for each
estuary; the limits used will be documented invlaershed and estuary modeling reports.

14.0 Inspection/Acceptance of Supplies and Consumables
Not applicable.

15.0 Nondirect Measurements

Nondirect measurements (also referred to as ngegirgenerated data) are data that were
previously collected under a different effort odesthis contract. Nondirect data can come from a
number of sources, but the nondirect data mosh afsed in developing numeric nutrient criteria
modeling projects are typically obtained from EROAA NCDC, USGS NHD+ and NED, USDA
NRCS, and databases maintained by state agencies.

Non-project-generated data could be obtained frobdighed or unpublished sources. The published
data will have been previously peer reviewed. Triza are generally examined by modelers as part
of a data quality assessment. Databases that lshveen published are also examined in light of a
data quality assessment. Data provided by EPAh@ratources will be assumed to meet precision
objectives established by those entities, as destin the acceptance criteria issues describdein
appendix. If historical data are used, a writtasord of where the data were obtained and any
information on their quality will be documentedtire final report (see Section 11.0).

16.0 Data Management

The data management process and the computer hardné software configuration requirements
will be developed and submitted to the EPA TOMririew before model equations and related
algorithms are coded into an integrated, efficcarhputer code. Modeling staff members will work
closely with the TL and will consult with experts aecessary to ensure the theory is accurately
represented in the code. The modeling code israaity checked by the developers and compared
to bench test runs to ensure the accuracy of tlehaméstic equations and solution techniques. The
QC Officer will conduct internal reviews of the cpuater code, as appropriate.

17.0 Assessment and Response Actions

The QA program under which this project will operaicludes surveillance, with independent
checks of the data obtained from sampling, anglgsid data-gathering activities. This process is
illustrated in Figure 4. The essential steps in@Aeprogram are as follows:

* |dentify and define the problem

» Assign responsibility for investigating the problem

* Investigate and determine the cause of the problem

» Assign and accept responsibility for implementipgr@priate corrective action
» Establish the effectiveness of and implement thieective action

» Verify that the corrective action has eliminated groblem
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Problem Identified
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Yes  gignificant Corrective Action | NO
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Tt = Tetra Tech
Figure 2. Problem assessment and correction options.
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CORRECTIVE ACTION REQUEST AND RESPONSE VERIFICATION

Many of the technical problems that might
occur can be solved on the spot by the staff
members involved, for example, by modifying
the Initial Technical Approach or correcting
errors or deficiencies in documentation.
Immediate corrective actions form part of
normal operating procedures and are noted in
records for the project. Problems that cannot
be solved in that way require more formalized,
long-term corrective action.

Contract (name)

Date of Assessment Request No.

Title (of project or other)

Project Leader TC#

Other Responsible Personnel

Auditor or Initiator of This Corrective Action Request

Problem Description:

Recommended Action: Date to Be Completed:
If quality problems that require attention are
identified, Tetra Tech will determine whether
attaining acceptable quality requires either Qualty Assurance Offcer ae
short- or long-term actions. If a failure in an it o Peem e e
analytical system occurs (e.g., performance i ruen Date:

requirements are not met), the Modeling QC

Officer will be responsible for corrective

action and will immediately inform the Tetra  verification of Compietion of Correcive action:
Tech TOL or the QA Officer, as appropriate.
Subsequent steps taken will depend on the
nature and significance of the problem, as PrincipaliChigeor Progrem Minsger pue

Original form to be filed in QAO File; one copy to be filed in Project File and one copy in Contract File (if corrective

illustrated in Figure 4. ation pertains foa project), or one copy o b filed in Contrac File (f correcive aeton pertain 0.a contrar)

Quality Assurance Officer Date

The Tetra Tech TOL and QC Officer have  Figure 3. Corrective Action Request and Response
primary responsibility for monitoring the Verification form.

activities of this project and identifying or

confirming any quality problems. These

problems will also be brought to the attentionhwdf Tetra Tech QA Officer, who will initiate the
corrective action system described above, docuthentature of the problem (using a form such as
that shown in Figure 5), and ensure that the recena®d corrective action is carried out. The Tetra
Tech QA Officer has the authority to stop work ba project if problems affecting data quality that
will require extensive effort to resolve are idéet.

The EPA TOM and Tetra Tech TOL will be notifiedragjor corrective actions and stop work
orders. Corrective actions could include the foltoyv
* Reemphasizing to staff the project objectivesithéations in scope, the need to adhere to
the agreed-upon schedule and procedures, andédegmeocument QC and QA activities.
e Securing additional commitment of staff time to divto the project.
¢ Retaining outside consultants to review problemspiecialized technical areas.
e Changing procedures. The Tetra Tech TOL can re@ataff member, if appropriate, if it is
the best interest of the project to do so.

Performance audits are quantitative checks onrdiffessegments of project activities; they are most
appropriate for sampling, analysis, and data-psingsactivities. The QC Officer is responsible for
overseeing work as it is performed and periodicatigducting internal assessments during the data
entry and analysis phases of the project. As datées, model codes, calculations, or other adtiwit
are checked, the QC Officer will sign and date ra lt@py of the material or complete Tetra Tech’s
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standard Technical/Editorial Review Form, as appatg, and provide it to the Tetra Tech TOL and
TL to include in the administrative record. Perfame audits will consist of comparisons of model
results with observed historical data. Performiagtmol calculations and post-simulation validation

of predictions are major components of the QA framr.

The Tetra Tech TOL will periodically perform or asee the following qualitative and quantitative
assessments of model performance to ensure thatdtiel is performing the required task while
meeting the quality objectives:

» Data acquisition assessments
* Model calibration studies

» Sensitivity analyses

* Uncertainty analyses

» Data quality assessments

* Model evaluations

* Internal reviews

Sensitivity to variations, or uncertainty in ingagrameters, is an important characteristic of aghod
Sensitivity analysis is used to identify the modluential parameters in determining the accuracy
and precision of model predictions. That informati® important to the user who must establish
required accuracy and precision in model applicasi® a function of data quantity and quality.
Sensitivity analysis quantitatively or semi-quaatiitely defines the dependence of the model's
performance assessment measure on a specific garameset of parameters. Sensitivity analysis
can also be used to decide how to simplify the rhsideulation and to improve the efficiency of the
calibration process.

Model sensitivity can be expressed as the relatiteeof change of selected output caused by a unit
change in the input. If the change in the inputseala large change in the output, the model is
considered to be sensitive to that input param8emsitivity analysis methods are mostly
nonstatistical or even intuitive by nature. Sewgitianalysis is typically performed by changingson
input parameter at a time and evaluating the effectthe distribution of the dependent variable.
Nominal, minimum, and maximum values are specift@dhe selected input parameter.

Initially, sensitivity analysis is performed at theginning of the calibration process to design a
calibration strategy. After the calibration is cdetpd, a more elaborate sensitivity analysis is
performed to quantify the uncertainty in the calted model caused by uncertainty in the estimates
of the model input parameters.

Informal sensitivity analyses (iterative parametgjustments) are generally performed during model
calibrations to ensure that reasonable values tmretnparameters will be obtained, resulting in
acceptable model results. The degree of allowatjlesament of any parameter is usually directly
proportional to the uncertainty of its value antinsted to its expected range of values. Formal
sensitivity analyses will be performed in accordandth technical direction from the EPA TOM
when a certain aspect of the system requires fuitestigation For example, formal sensitivity
analyses are often performed on the effects ofihggdrom different sources on instream water
quality to allow the development of more feasibie aeasonable allocations and load reductions
on the basis of the dominant sources.
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Internal reviews, as well as results of EPA modgfnbgroup reviews provided to Tetra Tech, will
be documented in the project files. Documentatidhimeclude the names, titles, and positions of the
reviewers; their report findings; and the projeemagement’s documented responses to their
findings.

The Tetra Tech TOL will perform surveillance adies throughout the duration of the project to
ensure that management and technical aspectsiagedveperly implemented according to the
schedule and quality requirements specified in@#$P. The surveillance activities will include
assessing how project milestones are achieved @ndriented, corrective actions are implemented,
budgets are adhered to, reviews are performeddatadare managed and whether computers,
software, and data are acquired in a timely manner.

System audits are qualitative reviews of projetivdg to check that the overall quality program is

functioning and that the appropriate QC measurestitied in the QAPP are being implemented. If
requested by the EPA TOM, and additional fundingrevided by EPA, the Tetra Tech QA Officer
or designee will conduct an internal system auidihe project and report results to the EPA TOM

and Tetra Tech TOL.

18.0 Reports to Management

Throughout the TMDL development process, , theal &ch TOL will submit to the EPA TOM
technical memoranda describing each major stepMB development for review and approval
before taking further steps.

On a monthly basis, the Tetra Tech will provide B#®A TOM with a report describing the status of
the project and the results of any intermediatessseents. The results of the project will be predid
to the EPA TOM in TMDL and modeling reports subedttfor inclusion in the overall
administrative record. In addition, Tetra Tech williver the project files for TMDL development
that will contain copies of all records and docutegimcluding soft copy versions of the data and
model input data sets. Tetra Tech will deliverfiles to EPA at the end of the project.

The draft and final TMDL modeling reports will inale a separate section titiedta Quality to

relate the results of the study back to this QARGPtae project action plaithis section will

contain, at a minimum, (1) where all the data wdyined, (2) the reason the data were
originally collected, and (3) all readily availabigormation related to QA associated with the
collection and handling of the data. This sectidlhalso present a brief summary of the QA
procedures used when the data were proce$kedeport will also include results of technical
reviews, model tests, data quality assessmentstptibdata and audits, actual input and databases
used, response actions to correct model developofiémiplementation problems, and if applicable,
pre- and post-software development.

19.0 Data Review, Verification, and Validation

Data review and validation services provide a me:fioo determining the usability and limitations of
data and provide a standardized data quality assegsVerification of new model components or
parameters (when applicable) improves the prediaapabilities of new models or modified
existing models. Experienced professionals wilubed in the data review, compilation, and
evaluation phases of the study. Tetra Tech willdsponsible for reviewing data entries, transnsttal
and analyses for completeness and adherence te@#rements. The data will be organized in a
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standard database on a microcomputer. A screenang$s that scans through the database and flags
data that are outside typical ranges for a givearater will be used. Values outside typical ranges
will not be used to develop model calibration dsgts or model kinetic parameters.

20.0 Verification and Validation Methods

The QC Officer will review or oversee review of dita related to the project for completeness and
correctness. The Tetra Tech modeling staff will enak data available to the QC Officer within 2
weeks of receiving data. The QC Officer will idéptny issues of concern to the Tetra Tech TOL,
and he will resolve those issues with the modeiiagn.

Raw data received in hard copy format will be esdnto the standard database. All entries will be
compared to the original hard copy data sheetb®ydam personnel. Screening methods will be
used to scan through the database and flag dadtarthautside typical ranges for a given parameter.
Data will also be manipulated using specializedymms and Microsoft Excel 2007. Ten percent of
the calculations will be recalculated to ensure tloarect formula commands were entered into the
program. If 5 percent of the data calculationsiacerrect, all calculations will be rechecked aftes
correction is made to the database. Data qualityp@iassessed by comparing entered data to
original data; performing the data and model eu@na described in Sections 4.0, 11.0, and 17.0;
and comparing results with the measurement perfocear acceptance criteria summarized in the
data review and technical approach documentatidietermine whether to accept, reject, or qualify
the data. Results of the review and validation @sses will be reported to the EPA TOM.

General guidelines and procedures for model ddidaten and calibration are listed in Section
13.0. Verification will be performed by comparingm model parameters or components to theory.
Tetra Tech will specify which methods will be ugecensure that the model results will
ultimately be valid for EPA use in each project«fie data review and technical approach
document. Model validation evaluates the moddisty to appropriately simulate conditions
under a data set or time period that is indepenfdemt those used in the calibration. The
calibration and validation process will be docuneernh the TMDL report.

Because the goal is to be able to predict whent poid nonpoint source loads produce water quality
impairment on the basis of the ambient water quahteria, model calibration and validation should
strive to reduce errors (deviations between moddiptions and observed measurement data) to
zero.

A set of parameters used in the calibrated modghtmiot accurately represent field values, and the
calibrated parameters might not represent the systeler a different set of boundary conditions or
hydrologic stresses. Therefore, a second modalatadn period helps establish greater confidence in
the calibration and the predictive capabilitieshed model. A site-specific model is considered
validated if its accuracy and predictive capability haverbpeoven to be within acceptable limits of
error independently of the calibration data. Ineyah model validation is performed using a data se
that differs from the calibration data set (i.ewiflow data set for calibration versus higher-flow
data set for verification). If only a single timeres is available, the series can be split into $ub-
series, one for calibration and another for valatatlf the model parameters are changed during the
validation, the exercise becomes a second calioragind the first calibration needs to be repetted
account for any changes. Acceptable limits aredlaefined by the combined process of
gquantitative and qualitative examination of the mlogersus the data. There are not quantifiable
limits because the Tetra Tech modelers and the tBBdeling subgroup may decide for a particular
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station that the statistics (quantitative) are narkess important than the graphical plots
(qualitative). This will be a site-specific discimsfor each estuary; the limits used will be
documented in the modeling report.

Model validation will be accomplished by calibraticA model calibration is the process of adjusting
model inputs within acceptable limits until theultimg predictions give good correlation with
observed data. Commonly, the calibration begink e best estimates for model input on the basis
of measurements and subsequent data analysestsHesul initial simulations are then used to
improve the concepts of the system or to modifydlees of the model input parameters. The
success of a model calibration is largely dependerihe validity of the underlying model
formulation.

21.0 Reconciliation with User Requirements

All data quality indicators will be calculated aetcompletion of the data analysis phase.
Measurement quality requirements will be met andgared with the DQOs to confirm that the
correct type, quality, and quantity of data arengeised for model development in support of
numeric nutrient criteria in Florida estuaries. Tierpretation and presentation stage includes
inspection of the form of the results, and the nreaand reasonableness of the computation results
and post-simulation analysis.

The Tetra Tech TOL, Modeling Task Leader, or tlaeisignees will perform internal reviews to
assess departures from assumptions establishied pianning phase of the TMDL modeling
process. Tetra Tech, in consultation with the ERMTand alternate TOM, will determine how
anomalies will be resolved.

If requested by the EPA TOM, Tetra Tech will penfioa post-audit for the project. A post-audit is an
evaluation of the correctness of the initial mgaieldictions conducted several years after the
original modeling study is completed. If the modeledictions were accurate, the model can be
considered valid for the specific site and the alcstresses. A post-audit requires new field
observations for the predicted variables, whichtardee collected at a time after the system hasahad
chance to adjust to the management changes. Umtiextaand limitations in the use of such data and
interpretation of results will be provided to EPA.
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APPENDIX A

DATA QUALITY INDICATOR DEFINITIONS
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DATA QUALITY INDICATOR DEFINITIONS

Measurement acceptance or performance criteriguamtitative statistics used to interpret the
degree of acceptability or utility of the data e user. The quality of existing environmental
monitoring data and generated data is some meakthe types and amount of error associated with
the data. Those criteria, also knowrdata quality indicators, are the following:

* Precision

* Accuracy

* Representativeness
» Comparability

» Completeness

Data used in model development are generally ddiedieral and state government water quality
databases. Data obtained from government agenapaiss should have already been screened and
met specified measurement performance criterias@ looiteria might not be reported for the
parameters of interest in the databases. In catmuitwith the EPA TOM, it will be determined how
much effort should be expended to find reports etagiata that might contain that information.
Measurement performance or acceptance criterigafidous parameters will be documented in the
modeling report. Parameters for which measuremeribpmance or acceptance criteria could be set
are the following:

» Software run time

» Software processing capabilities

* Model prediction results relative to decision error
» Data used in model(s)

Precision is a measure of internal method consistency.deisonstrated by the degree of mutual
agreement between individual measurements or emietevalues of the same property of a sample,
usually under demonstrated similar conditions. Brew of field sampling methods is estimated by
taking duplicate samples for analysis. This QCuwalton also addresses uncertainty due to natural
variation and sampling error.

Precision of available data used for this projeititive noted if available. Precision of generatadad
produced by the model will be examined by perfogmeplicate runs.

Accuracy is defined as the degree of agreement betweebsernaed value and an accepted reference
or true value. Accuracy is a combination of randamor (precision) and systematic error (bias),
which are due to sampling and analytical operatiBias is the systematic distortion of a
measurement process that causes errors in onéi@irso that the expected sample measurement is
always greater or lesser to the same degree teasathplés true value. Because accuracy is the
measurement of a parameter and comparison withtlg and the true values of environmental
physicochemical characteristics cannot be knowa afig surrogate is required.

Accuracy of non-direct data obtained from governnagency databases and entered into the project
database can be expressed as the percentage ed,Mauield, not included as valid values in their
associated system reference tables. For exampteleaentered incorrectly or in the wrong field
would constitute inaccurate data. The accuracyatdirect data will be controlled by
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double-checking all automatically mapped data. Aacy of the model will be determined by
comparing the contaminant concentrations calculftted given area with actually measured
contaminant concentrations reported in the datalader conditions used in the model simulation.
Accuracy of data entry into the project databadebeicontrolled by double-checking all manual
data entries.

Data representativeness is defined as the degree to which data accuratedyprecisely represent a
characteristic of a population, a parameter, vianatat a sampling point, a process conditionnor a
environmental condition. It therefore addresseqttaral variability or the spatial and temporal
heterogeneity of a population. Comparisons of tfaelings data and measured environmental
concentrations will be made to examine sourcessarié of materials. Preliminary knowledge of the
areawill be used to select appropriate sites and statio the vicinity of point source discharges for
the initial and later modeling phases.

Two data sets are considered to be comparable thies is confidence that the two sets can be
considered equivalent with respect to the measureoie specific variable or group of variables.
Measurement data used in the model will follow pcots established by the appropriate government
agency to permit comparisons of water quality @atdifferent sites on the study site. Data setk wil
be examined with respect to variables of intel@sthimonality of units of measurement, and
similarity in analytical and QA procedures. Additad comparability of data can be ensured by
similarity in geographic, seasonal, and samplinghie characteristics.

Completeness is defined as the percentage of measurements tinaidare judged to be valid
according to specific criteria and entered intodata management system. To achieve that
objective, reasonable effort is made to avoid aadial or inadvertent sample or data loss. Lack of
data entered into the databases will reduce tHigyaddfi the project to calibrate and verify the nebd
Although some fields in the project database shoeider contain blanks (e.g., facility name), other
fields could be impossible to fill or might not bied until later (e.g., completion date of an
activity). Completeness is thus also defined agp#reentage of data available to cover all aspEcts
model development. In any complex model study ihevitable that some data gaps will exist. The
data gaps and the assumptions used in filling &ps guill be documented in the modeling report.
Percent completeness Cfor measurement parameters can be defined asvill

%C =~ x 100
T

wherev = the number of measurements judged validTandhe total number of measurements. For
this project, the model application will be consicomplete when no less than 85 percent of the
measurement data, parameter variables, and owtfudssare judged valid; however, other
considerations must be taken into account as deflending on the use of the data.

Acceptance criteria will be obtained from any drRgtQAPPs, sampling and analysis plans, standard
operating procedures, laboratory reports, and ateespondence for a given source of non-direct
measurement data, if available. The data assessmeémuality guidelines associated with a given
type of measurement will be developed from thoseces and documented. The secondary data will
be reviewed and compared with the guidelines in @APP. Data not meeting the acceptance
criteria requirements will be rejected or theitssadocumented, as deemed appropriate by the EPA
TOM and Tetra Tech TOL and TL.
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Model Sensitivity Analysis

The sensitivity to variations or uncertainty in iparameters is an important characteristic of a
model. Sensitivity analysis is used to identify thest influential parameters in determining the
accuracy and precision of model predictions. Thidrmation is of importance to the user who must
establish required accuracy and precision in mapplication as a function of data quantity and
quality. Sensitivity analysis quantitatively or deqantitatively defines the dependence of the
model’s performance assessment measure on a sgeaifimeter or set of parameters. Sensitivity
analysis can also be used to decide how to simiilgymnodel simulation and to improve the
efficiency of the calibration process.

Model sensitivity can be expressed as the relasiteeof change of selected output caused by a unit
change in the input. If the change in the inpuseala large change in the output, the model is then
considered to be sensitive to that input param8emsitivity analysis methods are mostly
nonstatistical, or even intuitive by nature. Sawisjit analysis is typically performed by changingeo
input parameter at a time and evaluating the effectthe distribution of the dependent variable.
Nominal, minimum, and maximum values are specift@dhe selected input parameter.

Initially, sensitivity analysis is performed at theginning of the calibration process to design a
calibration strategy. After a calibration is conipbk a more elaborate sensitivity analysis is
performed to quantify the uncertainty in the calted model caused by uncertainty in the estimates
of the model input parameters.

Informal sensitivity analyses (iterative parametgjustments) are generally performed during model
calibrations to ensure that reasonable values @mretnparameters will be obtained, resulting in
acceptable model results. The degree of allowatjlesament of any parameter is usually directly
proportional to the uncertainty of its value antirsted to its expected range of values. Formal
sensitivity analyses will be performed in accoraandth technical direction from the EPA TOM
when a certain aspect of the system requires funtivestigation.
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APPENDIX B

Data Quality Requirements for Secondary and Calculated Data
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DATA QUALITY REQUIREMENTS
SECONDARY DATA

Data Element

Source(s)

Acceptance Criteria

Technical information
or specifications

Government
publications (e.g.,
technical support
documents, Reports t
Congress, fact sheets

Scientific journal
Trade journal

Book or handbook
Compliance data
Maps, GIS layers,
plots, land surveys,
photographs
NPDES permit data

from the permittee,
EPA, and/or the State

Received from the client and stated by the client
be acceptable

b Received from the client and verified accurate
against its cited original data source

Published in peer-reviewed journal
Published in reliable source

Statements of data quality are documented (QC
checks implemented, level of oversight)

during a primary data
collection activity

Measurements obtaine

dGovernment databasd
(e.g., EPA
Environmental
Information
Management System:
STORET, PCS, or
TRI; USGS water
quality; Census
Bureau statistics)

Government catalog
(e.g., EPA’s
Environmental Data
Registry)
Government report
Scientific journal

Unpublished research
or pilot studies

NPDES permit data
from the permittee,

sMetadata are available that explain the study
objectives and conditions under which the data
were obtained

QC implementation is described

Statements of data quality are provided (e.g., dg
quality indicators: accuracy, bias, precision,
completeness, comparability, representativenes
sensitivity)

Latitude/longitude of sample is correct

Sample type is clearly identified (e.g., sediment,
water, air)

Sample collection data is provided
Measurement or analytical method used is state

Data are reasonable (e.g., correct units, within
accepted ranges)

EPA, and/or the State

o
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Data Element Source(s) Acceptance Criteria
Data generated from | Published reports Published in peer-reviewed journal or report
calculations by using
spreadsheet or NPDES permit data | Data sources used are cited
modeling tools from the permittee,

EPA, and/or the State| Limitations and uncertainties in the data used to
generate the results are discussed

Confidence in the estimated values from the
calculations performed is provided

Results of surveys and| Published reports Survey objectives and applidgtoli results are
their interpretation clearly stated

Respondent selection criteria are provided
Participation rate is stated

Dates survey conducted provided

Site investigation/audit| EPA and state Collected by EPA, a state agency, or an approved
findings agencies contractor

Findings based on actual observations or facility
records

Findings released by the agency

Comments Comments submitted All records accepted
by the public on
draft/final policies,
documents, or rules

Procedure for Achieving Secondary Data Quality Requements

The following approach will be used to evaluatedbality of secondary data and ensure accuradgin i
use in deliverables:

1. Identify specific data needs for the particulaid®@hble. The data elements listed above are genera
categories of data that might be useful in develppesponses to comments, syntheses, evaluations,
or analyses. Specific data (parameters, informatimdel results) must be determined for each need
(e.g., water chemistry values taken during theflastyears for total phosphorus or dissolved organ
carbon for a stream segment in a particular coontyodeled results of phosphorus loadings for that
stream segment). Because data needs could charigg the course of deliverable preparation,
communicate with the client frequently.

2. Identify source(s) from which to obtain the dateh&l possible, prioritize the sources based on
confidence in the data, for example, the origirshtlase or published report where the data first
appeared is preferable to its citation in a revibnapter in a book.

3. Obtain the database or publication. Be sure thebdat is marked “Read Only.” Copyright
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restrictions on publications may not permit copyingage or document for the project file. Flag page
in book or journal where data are found that walldxtracted to the deliverable. Whenever possible,
secondary data will be downloaded from varioustedeic sources to reduce manual data entry.

4. Prepare a list of specific acceptance criterigerproject, including spatial, temporal, and data
quality requirements to provide consistency indfaluation. For example, measurement data may
only be acceptable only if collected from a sirgfigtion during the past five years, but technical
information may be acceptable if prepared durirggthst ten years and regionally relevant.
Determine what is important to know about the datinformation to be able to judge its utility toet
project and confidence in its accuracy.

5. Read the publication or metadata and evaluateatseat information against the acceptance criteria.
Decide whether it can be used without concern athdr its use must be justified or limited or
whether it should not be used in the preparatiah®fteliverable. Consult with the client if thewre
any questions about acceptability. The client mppostide written technical direction if additional
work should be performed to verify values and ettstatements of data quality from the raw data,
metadata, or original final report. If, in constiba with the client (who has considered the usthef
data and importance of the decision to be madis)dietermined that such searches are not necessary
or no quality requirements exist or can be establibut the data must be used in the project, a
disclaimer is added to the deliverable indicatimgt the quality of the secondary data is unknown:

The quality of the secondary data used [in this project] could not be determined.

6. Document the outcome of the evaluation and deci@an, use a spreadsheet tracking system,
checklist, rubber stamp, or written justificatiohlote if you have to use the data because thethare
only data available and you need to proceed witptioject or whether background information is
not available.

7. As a database is populated (data entry) or delieia prepared (word processing), enter the vatue
information and then review the transfer for accyra

8. Write the complete citation for the source of tlatad following the appropriate style guide format.
Enter the short citation in the database, textpomote, as appropriate (e.g., Author, Year).dsta
needs to have its source identified during delivkrg@reparation.

9. A second person (e.g., QC Officer) manually chebksdata transfer from hard copy materials to
deliverables or databases for accuracy and prdfadioa of the data source. The degree to which
data are checked could vary based on the amouatafinvolved and resources available. For
example, checking hundreds of values against tigenal sources could be impractical because of
time and costs; however, checking 10 percent afedhvalues may be appropriate. A customized user
input interface to perform certain appropriate élsean data as they are being manually entered can
also reduce incorrect data entry. Additional cheblks$ might be used, if appropriate, include
displaying data graphically to visually inspect fatential errors, analyzing data to detect invalid
data, and checking for duplicate data entriesatéaxtraction and transfer reveal more than lemérc
incorrectly entered data, more data could be clikaked corrected.

10. The second reviewer marks and reports data disocésato the technical staff member(s) who
originally extracted the data or information. Tleegiewer initials and dates a copy of the marked dat
or notes the review in a spreadsheet or on a refdewto document the review.

11. Correct data in the database or deliverable artterdcto ensure that corrections are made.
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DATA QUALITY REQUIREMENTS
CALCULATED DATA
Data Element Source(s) Acceptance Criteria

Equation representing pGovernment Received from the client and stated by the client t
mathematical concept | publications (e.g., be acceptable
that will provide a technical support
quantitative result documents, Reports tp Received from the client and verified accurate
(value) Congress, fact sheets) against its cited original data source

Scientific journal Published in peer-reviewed journal

Trade journal Published in reliable source

Book or handbook Operations are correct
Spreadsheet Result units are correct
Model Result is reasonable

NPDES permit data

from the permittee,
EPA, and/or the state

Procedure for Achieving Calculated Data Quality Regirements

The following approach will be used to evaluatedbality of calculated data and ensure accuradg in
use in deliverables:

1. Obtain the equation and document the source cddbation (e.g., textbook, journal article,
spreadsheet). Transfer the equation into a spreatiahd heed any warnings generated by the
spreadsheet concerning the format or content oéd@tion.

2. A second person reviews the equation transfer aaldemany necessary corrections.

3. Obtain the data to be analyzed using the equatiseries of equations. Be sure input data have been
checked for accuracy and completeness, outliersthar issues. Document data transfers and QC
checks.

4. A second person reviews the dataset format an@abnt

5. Perform any necessary data reductions. These acegses that change either the values or numbers
of data items; the original data set from whichueatl data are generated cannot be recovered, i.e.,
there is a loss of information. For example, avesagf replicate measurements may be required for
statistical comparisons. For manual calculationtja raw data are transformed to the reduced data.
When a programmable calculator is used, a coplgeoptogram used is provided to the client. When
a computer is used to process large quantitieataf deferences to the specific program and dagabas
documentation are provided. Before using statiktezzhniques for data analysis or when reviewing a
report where statistics have been used, the asmmapequired by the methods should be evaluated
(e.g., data distribution, how missing data are keaf)dIn some cases, relaxation of the assumptions
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might have a minimal effect on the results; in ashénhe results might be rendered invalid.
6. Perform the calculation using the equation and siata

7. A second person checks the calculation resultdasonableness and correct units. The second
reviewer marks and reports calculation errors ¢otéthnical staff member(s) who originally
performed the calculation. The reviewer initialsl alates a copy of the calculation or notes the
review in a spreadsheet or on a review form to dmmt the review.

8. Correct the calculation result in the databasectiverable and recheck to ensure that the cornmectio
has been made.

9. At every stage of data processing at which a peemtacollection of data is stored, maintain a
separate copy for purposes of integrity and sgcubiaita are securely archived in a suitable manner.
Address aspects such as storage media, condilb@masion, access by authorized personnel, and
retention time in consultation with the client. Bef archiving, ensure that all data sets are cample
with all of the client-required data standards hedpincluding, for example, the use of Chemical
Abstract Service registry numbers for identifyingemical substances, descriptions to define
sampling locations, standard QA qualification codesl facility identification numbers, and that
appropriate metadata accompany every data setcordance with Federal Geographic Data
Committee standards (Standards for Digital Geoaplstetadata, Washington, DC, June 1994),
including product identification, data quality imfoation, spatial data organization, spatial refeeen
information, entity and attribute information, ameéitadata reference information.

USE OF SECONDARY DATA DISCLAIMER

Prior to the development of any final deliverabteler this Work Assignment where secondary data has
been utilized, that is intended for pubic distribotor access, Tetra Tech will consult with the EPA

WAM to determine the need for an appropriate diewa on the document. The disclaimer will identify
that the document has been produced utilizing flata secondary sources. The agency can not guarante
the accuracy or validity of such dafhlote: EPA will need to work with OGC to devel op specific

language to be used as a standard disclaimer in such circumstances]



