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Executive Summary

Project Background

This project was completed for the Triangle J CdwfodGovernments (TJCOG) under the direction of
the North Carolina Division of Water Resources (DVgReviously known as the Division of Water
Quality (DWQ)) and the North Carolina Nutrient Sdiéic Advisory Board (NSAB). The overarching
goal of the project is to develop a dynamic flovd avater quality watershed model using the Loading
Simulation Program in C++ (LSPC) model, to accuyagstimate baseline (1997 to 2001) nutrient loads
by each regulated entity (e.qg., jurisdiction) foe purpose of establishing load allocations uniker t
Jordan Lake Rules. Additional details regardirgrégulatory background and context for the modelin
work are provided in Section 1 of this report.

In August 2012 the Tetra Tech modeling team begandinating with a model subcommittee comprised
of select DWR staff and several members of the N&&Brd. Collectively, these parties and TICOG
contract managers clarified modeling objectives emstraints, selected the LSPC model for the ptpje
and negotiated a project scope and schedule fopletion of a draft version of the model and asdedia
documentation summarizing model development anticapion to generate draft baseline jurisdictional
load estimates of total phosphorus and total rdmogWork under the model development scope
officially began in October 2012.

Model Development

The first step in the modeling process was to dgvalQuality Assurance Project Plan (QAPP) which
comprised a model development plan detailing tlogept goals and data quality objectives, projeatrte
and key partner roles, project scope, methodsdindacting the work, quality assurance and quality
control (QA/QC) procedures, model performance aecege criteria, and supplementary information
related to model development. A draft QAPP wasmeted in October 2012, reviewed with the NSAB
model subcommittee, and revised in November 20&&&TTech, 2012a). The QAPP is reproduced as
Appendix B to this report.

Data compilation and screening, database develop@&iQC and metadata documentation proceeded
in accordance with the QAPP. Information needhdyreadily available data were conveyed by the
modeling team through TJCOG to stakeholders irptbeess. A data inventory was maintained
electronically and is being delivered with the paijmodeling files. A full description of data alsted

and processed for the model development is proviu&ection 2 of this report.

Interim progress was communicated by the modekagitapproximately monthly to the TICOG contract
manager, and at select times with either the NSABehsubcommittee or full NSAB per the project
scope and schedule. In addition to oral and Posvetresentations at these meetings, interim Tieahn
Memorandums were provided to provide detailed m#tfon on data used in the project, key
assumptions, technical methods, and interim results

An important decision was made following the daimpilation phase of the project that impacted the
original model development plan. Detailed inforimaton already installed structural stormwater caint
measures (sometimes referred to as structurahtmashgement practices or BMPs) was not available for
the vast majority of jurisdictions in the waterstedhe time of model configuration. Since mostBM
that were designed to improve water quality wereimstalled until after the baseline period (1987 t
2001) specified by the Jordan Rules, it was detezthin consultation with the NSAB model
subcommittee that model development without incatfion of BMPs was preferable to a model with
only partial data and considerable uncertainty n¢igg accuracy of BMP representation. Model water
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quality calibration was therefore focused on theetiae period such that lack of BMP representatvas
believed to be of little consequence to model amyfor that period. DWR determined that it would
work with regulated parties to provide proof of BMiBtallation in the watershed post baseline period
and provide regulatory credit through a processusge from this model development project. Acaurat
data collected through that process can then liktogacorporate structural water quality BMPs iato
future enhanced version of the model should DWRBtler parties determine that to be necessary.

Three technical memorandums were submitted to TI®C(Gcordance with the scope. The first
technical memorandum (Tetra Tech, 2013a) provideahamary of the data compiled to support model
setup and calibration. The second technical memdona (Tetra Tech, 2013b) described how the
compiled data were used to configure LSPC for ttdah Lake watershed. The third technical
memorandum summarized the model performance achtbveugh calibration and additional
information to help reviewers understand modeltitibns and preliminarily identified opportunitits
future model enhancement.

Although some comments were provided by NSAB msdecommittee members on the interim
technical memoranda, no revised interim documeete\generated. Rather, to use project resources
efficiently, comments were taken into consideratiod addressed in the model development and
incorporated with this model report as the findivdgable under the first phase of work.

Model calibration and corroboration methods arecdeed in detail in Section 3 of the report, and
calibration results and interpretation are sumnearin Section 4. Hydrologic calibration was susfgs
and provides a reasonable basis for the watertgunatidel, despite some localized discrepancies.
Hydrology is well represented at key points for duent inflows into Jordan Lake: Haw River, New
Hope Creek, Morgan Creek, and Northeast Creek.

The LSPC water quality model was built with a usifiset of parameters that vary according to laed us
soils, and geology. The model was calibrated damelously to 35 different stations, ensuring a throa
and representative sample of watershed conditidmailable monitoring data provide an imprecise
target, as laboratory analytical results have astatuncertainty, especially when concentratiors a
near practical quantification limits. In additianpst sample data are point-in-time grab samplai;hw
are expected to be imprecise estimates of the dadyage concentration predictions produced by the
model. Calibration thus consists of comparing twoertain numbers. The calibration strategy awbide
arbitrary adjustments to upland parameter valuebtain better fit statistics in individual catchme as
good practice to avoid over-fitting to data that Bmited in coverage, particularly for high-flowents.

As a result of these considerations, relativelgéaspparent percentage differences between obsgrvat
and predictions are acceptable at some statiolamg®s the unified parameter set provides reasenab
results across stations in aggregate. Analydiseodbsolute magnitude of errors shows that these a
generally small, and that higher percentage egengrally reflect low baseline concentrations.

The water quality calibration included assuringsmable simulation of water temperature, DO,
sediment, and nutrients, examining both concentratand loads; however, the evaluation relativbédo
intended uses of the model should focus primanilybility to predict nutrient loads. Evaluationtbé
accuracy of load predictions is difficult becausad is not directly measured, but inferred from
infrequent concentration monitoring that is combiméth continuous flow data. Statistical companiso
of paired daily estimated and simulated loads sthatva majority of stations rank as “good” or “very
good” in either the calibration or corroboratiorripd or both, suggesting that model predictionkat!
at most stations do not have any consistent Ifasnparison to interpolated estimates of mass flux
calculated with the USGS LOADEST software showggad or very good fit for total phosphorus,
except for Haw River and North Buffalo Creek, argbad or very good fit for total nitrogen, excep f
Northeast Creek and Morgan Creek.
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Discrepancies relative to LOADEST for total phospisp in which load appears under-predicted at high
flows, are seen in the Haw River at Bynum and HaweRat Haw River. Data at the Bynum station
suggest that the “missing” phosphorus load is piilsnan organic form. Because loading rates bydlan
use appear reasonable and there is not a congisiget-prediction of phosphorus load in small
headwater streams it is likely that the un-simulaecess load is derived from instream sources.
Specifically, it appears likely that high flow exemay mobilize organic detritus stored behind the
several run-of-river dams present in the Haw, idiclg the dam at Bynum, resulting in increased tBtal
concentrations at high flows. Solids in these sigea likely to be highly enriched in organic mattee

to historical WWTP and textile mill discharges. RS (as does the parent HSPF model) includes an
algorithm to associated orthophosphate with eradedjanic sediment; however, the model does not
include any mechanism to represent the mobilizatfoorganic muck and associated organic nutrients
from behind low head dams during high flow evenftbus, the additional loading from these areas may
need to be estimated external to the watershedIlmode

In New Hope Creek, Northeast Creek, and Morgan Cobeéow the OWASA discharge, the LOADEST
analysis suggests relative over-estimation of tatabgen load by the model. For New Hope Creek,
LOADEST continuous time series of loads of N appgedre generally over-predicted by the model from
2005 to present, despite the fact that the paioetparison of loads on days with water quality saspl
yielded good fit ratings. For Northeast Creek, dstream of the Durham Triangle WWTP, apparent
over-prediction of TN load occurs for the 2001 -0&period, while for Morgan Creek there is some
over-prediction of TN load throughout the modelipgr For all three locations, the discrepanciesrse
likely to be associated with estimates of pointreeuoading resulting from interpolation of
approximately weekly measurements of effluent cotre¢ions of total N to continuous time series.

For nonpoint source loads the model appears t@pezimately unbiased, although imprecise in
simulating responses to individual events. Givet the purpose of the model is to evaluate traivel
magnitude of annual loads the model is adequéatestg although further improvement could be pursued

Model Acceptance and Application for Load Estimates

The Jordan watershed model generally meets thregiarfor model acceptability specified in the QAPP
for addressing the decision purposes of estimdaasgline nutrient loads for establishing regulatetity
load allocations under the Jordan Lake Rules. fibeéel in its current configuration was reviewed by
multiple entities between November 2013 and A@iLlL Teresa Culver, PhD, from the University of
Virginia was contracted by TICOG to conduct a defipeer review on behalf of DWR in consultation
with the NSAB Model Subcommittee. Additional rewgof the model were conducted by Glen
Fernandez, PhD, USEPA Region 4 at the request oRBWA by LimnoTech under funding from
NCDOT and the City of Durham. The peer review by Culver found that sound state-of-practice
methods were used in the development of the Jdrdk@& Model which was well documented, that the
model results could be replicated, and that theahappears appropriate for its intended application
Based on this peer review, no modifications werderta the model.

Comments by all reviewers, however, led to additioafinement of the model documentation to clarify
or correct specific text, tables and figures. Qtipalar note, lack of comprehensive planimetritad@r
accurately representing baseline impervious suatiemates meant that canopy coverage interferdd wi
aerial interpretation for urban developed areah sijnificant tree cover resulting in some
underestimation of imperviousness for the basgler@d. Tetra Tech conducted follow up analysis and
determined that the model calibration was suffidyerobust to this underestimation at the subwéieds

and watershed scales. Because of this discrephoagver, Tetra Tech does not recommend using the
difference between model baseline and 2010 impesvinirface areas to estimate interim developed area
for regulatory purposes where better informatioavailable. Where jurisdictions can provide DWRhwit
quality assured documentation of actual developrasd following the baseline (1997-2001) period it
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recommended that regulatory calculations for tlgeicgons beyond the baseline requirements be based
on the more accurate developed area information.

Overall, Tetra Tech concludes that the calibratedehperformance is sufficiently well demonstrated
be applied for its intended purposes, includindwaigon of both current nutrient loads and changes
nutrient loads since the 1997 — 2001 baseline ksttal in the Rules. The application of the maddel
calculate loads for each entity in the watershesl egaried out by developing separate versionseof th
model for both baseline and 2010 time periods. s€hersions of the model employ the same upland
modeling units used for calibration that reflectdause/land cover, soils, and geology, but addlaten
entity to the spatial representation of land arElis enables summation of at-source loads by laoith
use and entity. The model was also used to edtitoag-term rates of throughput of nutrient loads
through the stream network, accounting for losselsadtenuation during transport. This analysis is
combined with the source load analysis to provifidlaaccounting of nutrient loads from developadd
delivered to Lake Jordan from each regulated entity

The results of the loading analysis are presem&ection 5.1 and summarized below.

Application of the calibrated LSPC model for Jordeatershed was performed to answer three primary
study questions:

1. What are the baseline (1997 — 2001) loads of miFiassociated with each jurisdiction in the
watershed?

How much of the load generated in specific soureasis ultimately transported to Lake Jordan?
How have those loads changed in the period frorellmasto current conditions?

The calibrated model provides estimates of loadHerbaseline period (1997 — 2001). To evaluage th
change in loads under current conditions, the madslre-run with current land use combined with7199
— 2001 meteorology. This approach ensures thadtimated changes in current condition load
estimates for nonpoint sources reflect changeand use, not variability in weather.

A comparison of runs for the baseline period antid2@nd use conditions shows that overall loads of
both nitrogen and phosphorus decreased (with n@tegr held constant). Specifically, point source
loads of both nitrogen and phosphorus have dedleasgle loads due to upland sources and onsite
wastewater systems have increased, although ®gsarlamount than the point source decrease, resulti
in a net decrease in loads from all sources. mteased upland loads are mostly derived from asere
impervious surface area, while loads from row agpculture and other rural land uses have decdease

Recommendations for Potential Future Model Enhancements

The model is judged to be useful for the intendagbpses, but, like all simulation models, is not a
perfect representation of reality. In part, tisibecause the true state of reality is not knoventdudata
that are imprecise or incomplete; however, it sodikely that the accuracy of the model could be
improved through additional efforts that were adgsihe scope of the current effort, including both
additional data collection and refinements to maddibration. A discussion of potential improvertgen
in the model is provided in Section 5.2.1 and sunwed below. It is important to note that, whitese
additional efforts have the potential to incredmedccuracy of the model and reduce uncertainty in
individual entity allocations, they are not a nezeyg pre-requisite to use of the model to establish
allocations.
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Areas in which model accuracy and performance clikedly be improved with additional effort include
hydrology and water quality simulation as well aarse load representation. For hydrology, key
potential enhancements include use of additioretipitation data (including spatially interpolated
products such as radar-based measurements) anct aletailed representation of reservoir operations,
withdrawals, and releases. For the water qualityigation, the representation of nutrient loadsveeed
to waterbodies from onsite wastewater disposakgystremains a key source of uncertainty and could
likely be improved through additional data collectiefforts that better characterize subsurface
attenuation rates and provide additional informabta rates and types of system failures. It is elsar
that the available information on point source kiisges, generally based on bi-weekly nutrient
monitoring for major dischargers, is a source afartainty in the model. This representation could
potentially be enhanced through the developmestydirical models that relate effluent nutrient
concentrations and loads to system flow rates,veeaand other factors. Finally, despite the esiten
water quality monitoring that has been conducteeke are significant areas of the Jordan Lake wsiager
for which relatively little monitoring data are akable, including southeastern Guilford Co., souathe
Alamance Co., and much of the Chatham Co. portidheowatershed.
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Relationship of Model to Load Reduction Accounting Methods

Final determination on how the model will be usedldad reduction accounting will be the
responsibility of DWR. Two issues must be addréssgerpretation of model results for the baseline
period relative to the Jordan Purpose and Scope & evaluation of the changes in regulated loads
during the interim period prior to implementatidrttee new development rules. (The interim period
begins in 2002 following the baseline period, anlla@ntinue until adoption of new development
programs between 2017 through 2020.) Furtherimddion about the regulatory context is provided in
Section 1.2.

The Jordan Purpose and Scope Rule (15A NCAC 02B)@élicitly incorporates estimates of the
baseline loading to the three assessment unitsrdéd Lake. These estimates ultimately derive filoen
Jordan Lake nutrient response model, complete@®32 Load estimates for the baseline period frioen t
refined model described in this report will not ethamatch the loads set forth in the Rule. Itis
anticipated that the estimates of percentagessdline loading attributable to each entity as datedl

by the new allocation model described in this refmovided in Section 5.1.3) will be applied t@th
loads identified in the Rule to establish the ratprdy baseline estimates by entity.

It will also be necessary to calculate changesadling, by entity, between the baseline period and
conditions at the end of the interim period. “@umt’ conditions in the model for this report refl@©10
land use, and it is anticipated that future updafide needed to represent additional changdarid
use through the end of the interim period.

The rules specify allowable loading rates for n@wvwedlopment during the interim period. New loads in
excess of these rates become an additional regilapdor load reduction by each entity. Thestema
reflect loads at the source level, rather thandadalivered to the lake.

Estimates of loading with land use changes afté02®uld be derived by rerunning the model with
altered land use (combined with 1997-2001 basetiegorology). Alternatively, and more simply, the
effect of changes since 2010 could be estimateapblying the average loading rate (for developed la
classes within an entity) to the change in devaldpad use area. However, as discussed above, the
change in developed area for development occuafiey 2001 should be based upon quality assured
records of development within each jurisdiction gngpossible, given underestimation of impervious
surfaces for the baseline period which could raautverestimation of interim development when
comparing baseline to current levels.

It is also anticipated that entities will, at thdiscretion, calculate and claim credit for BMPstailed
between the end of the baseline period and thektie interim period. The method for calculating
credit for BMPs will be determined by DWR. It ikdly, however, that the method will use the
Jordan/Falls Lake Stormwater Nutrient Load Accaumiiool (JF SW Tool) or a similar spreadsheet-
based tool designed for calculating nutrient loanid assessing the impacts of BMPs at the scale of a
development or individual sites. Such a tool cdaddused to determine the number of pounds of geera
annual nutrient load avoided by the installatiospécific sets of BMPs.

Regulated entities may also wish to claim creditréaluctions associated with management measutes no
represented in JF SW Tool — for example, the reocluad nutrient loads achieved by providing sewer
service to a neighborhood with poorly performingite wastewater disposal systems. Analyses of this
sort should generally be made relative to the mapr&tion of the source in the watershed model.
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1 Introduction

1.1 PROJECT OVERVIEW

This project was completed for the Triangle J CdwfodGovernments (TJCOG) under the direction of
the North Carolina Division of Water Resources (DVgReviously known as the Division of Water
Quality (DWQ)) and the North Carolina Nutrient Sdiéic Advisory Board (NSAB). The overarching
goal of the project is to develop a dynamic flovd avater quality watershed model using the Loading
Simulation Program in C++ (LSPC) model, to accuyagstimate baseline nutrient loads by each
regulated entity (e.g., jurisdiction) for the puspaf establishing load allocations under the Jotgke
Rules. In August 2012 the Tetra Tech modeling teagan coordinating with a model subcommittee
comprised of select DWR staff and several membkttseoNSAB Board. Collectively, these parties and
TJCOG contract managers clarified modeling objestiand constraints, selected the LSPC model for the
project, and negotiated a project scope and scaédutompletion of a draft version of the modedl an
associated documentation summarizing model devedopand application to generate draft baseline
jurisdictional load estimates of total phosphomd total nitrogen. Work under the model developimen
scope officially began in October 2012.

The first step in the modeling process was to dgvalQuality Assurance Project Plan (QAPP) which
comprised a model development plan detailing tlogept goals and data quality objectives, projeatrte
and key partner roles, project scope, methodsdindacting the work, quality assurance and quality
control (QA/QC) procedures, model performance atecege criteria, and supplementary information
related to model development. A draft QAPP waspdeted in October 2012, reviewed with the NSAB
model subcommittee, and revised in November 20&&&TTech, 2012a).

Data compilation and screening, database develop@&iQC and metadata documentation proceeded
in accordance with the QAPP. Information need®hdyeadily available data were conveyed by the
modeling team through TJCOG to stakeholders imptbeess. A data inventory was maintained
electronically and is being delivered with the pagjmodeling files.

Interim progress was communicated by the modekagitapproximately monthly to the TICOG contract
manager, and at select times with either the NSABehsubcommittee or full NSAB per the project
scope and schedule. In addition to oral and Powvetresentations at these meetings, interim Tieahn
Memorandums were provided to provide detailed m#tfon on data used in the project, key
assumptions, technical methods, and interim results

Three Technical Memoranda were submitted to TIQ©O&cordance with the scope. The first technical
memorandum (Tetra Tech, 2013a) provided a sumnfaheadata compiled to support model setup and
calibration. The second technical memorandum érégrch, 2013b) described how the compiled data
were used to configure LSPC for the Jordan Lakemshed. The third technical memorandum (Tetra
Tech, 2013c) summarized the model performance aethithrough calibration and additional information
to help reviewers understand model limitations pradiminarily identified opportunities for futureadel
enhancement.

Although some comments were provided by NSAB msdécommittee members on the interim
technical memoranda, no revised interim documeete\generated. Rather, to use project resources
efficiently, comments were taken into consideratiod addressed in the model development and
incorporated within this overall draft documentatas the final deliverable under this first phabeark.
The next phase of work will involve peer reviewtloé draft model and documentation, and draft baseli
jurisdictional load estimates. The modeling teaifhwwork with TJICOG and the NSAB model
subcommittee to address questions and concerresl thicough the peer review, determining collectivel
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what can be accomplished in the near term givejegroesource constraints and what is recommended
for future model enhancement.

An important decision was made following the daimpilation phase of the project that impacted the
original model development plan. Detailed inforimaton already installed structural stormwater caint
measures (sometimes referred to as structurahfmsagement practices or BMPs) was not available for
the vast majority of jurisdictions in the waterstedhe time of model configuration. Since mostBM
that were designed to improve water quality wereimstalled until after the baseline period (1987 t
2001) specified by the Jordan Rules, it was detezthin consultation with the NSAB model
subcommittee that model development without incatfion of BMPs was preferable to a model with
only partial data and considerable uncertainty n¢igg accuracy of BMP representation. Model water
quality calibration was therefore focused on theetiae period such that lack of BMP representatvas
believed to be of little consequence to model amyfor that period. DWR determined that it would
work with regulated parties to provide proof of BMiBtallation in the watershed post baseline period
and provide regulatory credit through a processusge from this model development project. Acaurat
data collected through that process can then liktogacorporate structural water quality BMPs iato
future enhanced version of the model should DWRBtler parties determine that to be necessary. This
decision was documented in a supplemental memonaguthe project modeling team (Clements and
Butcher, 2013).

Further details on the purpose of the modelingneéndontext of the regulatory process are provided i
Section 1.2.

1.2 REGULATORY BACKGROUND AND MODELING PURPOSES

Based on its assessment of water quality in B. éivdordan Reservoir (Jordan Lake), the North @zaol
Division of Water Quality (DW¢) identified the lake as impaired by eutrophicatjercess growth of
algae and associated changes in water qualityedansexcess nutrient loads (nitrogen and phosghoru
derived from both point and nonpoint sources invtlatershed. To address this impairment, DWQ
developed and the U.S. Environmental Protectionn8gepproved a Total Maximum Daily Load
(TMDL; NC DENR, 2007).

The TMDL requirement is established in Section 8D8f the 1972 Clean Water Act. The TMDL is
intended to identify the amount by which both p@ntl nonpoint sources of pollutants would neeceto b
reduced in order for the waterbody to meet ambiextér quality standards and support its designated
uses. This requires identifying the sources oesg@ollutant loads and assigning allocations toces
such that the loading capacity — the maximum amofipbllutant load that is consistent with meeting
ambient water quality standards — is achieved.

The Jordan nutrient strategy is a set of statelaégos designed to reduce nutrient loading to Berktt
Jordan Reservoir to meet the requirements of th®I eind restore full designated uses to its waters.
The overall strategy consists of a Point Sourcet&gly (addressing wasteload allocations for peeuhitt
wastewater discharges) and a Nonpoint Source §yréeldressing other sources of nutrient loadkéeo t
lake). The Phase | TMDL determined that traditigp@nt source discharges, such as effluent digsthr
from wastewater treatment plants, constituted {esB than half of the total nitrogen and phosphorus
loading to the lake and that loads derived fromoffiand groundwater discharge from urban
development are a major component of the total. |ddte loads derived from development may be
characterized as point source loads (if they féhiw the purview of discharge permit requirements
placed on Municipal Separate Storm Sewer, or M®#rsvater discharges) or as nonpoint source loads

! The former DWQ is now the Water Planning Sectiothimithe North Carolina Division of Water Resources
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not subject to permits. Regardless of the regulatbaracterization, these are diffuse loads frioenland
surface, as distinguished from more traditionahpsource discharges from municipal and industrial
wastewater treatment plants.

The strategy to address diffuse sources of nutleents consists of Rules 15A NCAC 2B .0262 - .0232
augmented or replaced by subsequent Session L&¥@s2A® and 2009-484. The session laws set
requirements regarding existing developed land$yding a requirement for the Department of
Environment and Natural Resources to assign ntifiead allocations for existing development to
municipalities, counties, and state and federatiesthat have jurisdiction in the Jordan Lakeevshed.
Allocations are to reflect application of stratgmprcentage reduction goals to loads representatitree
baseline period, 1997 through 2001, adjusted towtdor loading increases post-baseline and paior
implementation of programs to address new developm@he dates for adoption of new development
programs under the Jordan Lake Rules were receéallyed by the Legislature to dates between 2017
through 2020). Allocations are to be establisimedims of annual mass loads delivered from these
entities’ lands to each of three assessment uhitsrdan Lake (Upper New Hope Arm, Lower New Hope
Arm, and Haw River Arm).

Allocations thus assigned to the parties subjethitoregulation will effectively serve as benchhksathat
they will use, in combination with recognized loadlucing practices and associated load reduction
estimation methods, to design load reduction prograThe subject parties will use these programs,
following approval by the NC Environmental Managet@€ommission, to guide their implementation of
nutrient load-reducing activities on a continuoasib toward the objective of meeting the allocation
until the lake’s water quality is recovered, whighiecomes first.

The watershed model addresses the watershed drambBy Everett Jordan Reservoir. This is pathef
Cape Fear Basin and includes the Haw River, NeweHeneek, Morgan Creek, and various other
tributary drainages, with a land area (excludirgltkke surface) of 1,686 square miles (Figure 1The
watershed includes parts of ten North Carolina tiearand some or all of the urban areas of Durham,
Chapel Hill, Cary, Burlington, Greensboro, and salvether smaller municipalities.

A simplified nutrient loading model for Jordan Lakatershed was developed by Tetra Tech in 2003 to
support the Jordan Phase | nutrient TMDL. The idntrScience Advisory Board (NSAB) reviewed that
modeling approach and concluded that it was notpetitmle with the current regulatory purpose because
the model did not retain the ability to associgtecific land use / land cover data or related logdi
outputs with local or other government jurisdicabboundaries. In addition they recognized certain
features of the model that they felt would be int@otto improve. Key features noted as in need of
improvement were: representation of onsite wastewabcesses, which appear to overestimate this
source; limited number of instream calibration psjimelieved to bias load estimates upward duleeio t
proximal location downstream of wastewater discesr@gnd now-outdated delivery component
coefficients.
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Figure 1-1. The Jordan Lake Watershed

The revised Jordan Watershed Model, describedsréport, is intended to provide a refined basth w
which to support the nutrient strategy. The ppatistudy questions to be addressed with the naoutkl
described in this report are as follows:

1. What are the baseline (1997 — 2001) loads of miriassociated with each regulated entity in the
watershed?

2. How much of the load generated in specific soureasis ultimately transported to Lake Jordan?
3. How have those loads changed in the period froralimesto current conditions?

The 1997 — 2001 time period was selected to reptéseseline loads specifically for regulatory pees
as required by the Jordan Lake Rules. Model owtfaistused to determine the amount of source loads
delivered to Jordan Lake for each subbasin in theershed. To assess changes in upland loading
between the baseline period and current conditessipplemental model run was performed using
existing land use in place of the baseline 19980412and use. Changes in other sources (e.g. itbedm
point sources) were estimated using independeatstairces, such as facility discharge records.

Sections 2 through 4 of this document describartbdel development, calibration, and corroboration.
Calibration tunes the models to represent conditappropriate to the waterbody and watershed under
study. To help determine the adequacy of the r@lidn and to evaluate the uncertainty associaigd w
the calibration, the model is subjected to a carration test. Corroboration is often referreddavadel
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validation, although the term corroboration is naneferred (CREM, 2009). In the corroboration step,
the performance of the model is evaluated throygti@ation to a set of data different from thatdige
calibration. Application of the model is describiadection 5, and directly answers study questions
and 2. Finally, Section 5 discusses ways in whiehwatershed model, combined with other tools, can
be used by jurisdictions and other regulated estiid address study question 3.
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2 Model Development

Development of the Jordan Watershed Model was takim under a Quality Assurance Project Plan
(QAPP). Preparation of the QAPP (Tetra Tech, 2042a Appendix B to this document) was the first
step in this project. The QAPP lays out the deaisieeds to be addressed by the model and perfoeman
criteria to determine the extent to which the modekts those needs. It was important to docurheset
requirements and expectations prior to model dgweémt to ensure a transparent and defensible fEoces
The first step in the model development procedisaselection of an appropriate modeling framework
(Section 2.1). This is followed by documentatidrih® model simulation period (Section 2.2) and the
model representation of the watershed as a sdr@maected stream reaches, waterbody segments, and
upland land units (Sections 2.3 and 2.4). The me@img portions of Section 2 describe the avail&pili
assembly, and processing of model input data.

2.1 MODEL SELECTION
2.1.1 Selection of LSPC Model

Based on a survey of candidate models, Tetra Temdmmended that either the Hydrologic Simulation
Program (HSPF; Bicknell et al., 2005) or Loadinm8iation Program in C++ (LSPC; Tetra Tech, 2003a,
2009) be applied to estimate nutrient loads fromting development in the Jordan Lake watershed in
accordance with State rules. These models aréasjras LSPC is based on the US Environmental
Protection Agency (EPA)-supported HSPF analytiodlec HSPF and LSPC were chosen from a subset
of six models that met basic criteria as outlinedable 2-1.

The preliminary screening examined six models @énatwidely used for nutrient load estimation (Table
2-1). The following types of models were elimircthfeom consideration: proprietary models that ase n
open source, models that are considered experifr@raaademic tools, and models that do not have a
track record of successful performance on simitajgets.

The SWMM model (Rossman, 2010), which is often usattban areas for stormwater drainage system
representation was eliminated from consideratiarabse of the very large level of effort and coat th
would be incurred applying it at the large scalagted with the Jordan watershed. SWMM can be
applied more simply if stormwater infrastructureat explicitly represented, but this would negatest

of the advantages of using this model. SWMM adsoat designed to represent agricultural featurdl w
can experience difficulty representing basefloncpsses in Piedmont streams, and its instream setdime
transport and nutrient kinetics capabilities atatireely poor.

The WARMF model (EPRI, 2000, 2001) was not recontheeindue to the lack of full code availability
and primary use under a daily time step. Theatsig not a strong record of successful calibration
address many of the questions of interest to th&BNS

A GWLF-based model of the watershed was previodsieloped (Tetra Tech, 2003b) and could be
improved to address identified shortcomings. Alififoit can be used cost-effectively to estimateieiit
loads, GWLF (Haith et al., 1992) was not the faisbice for application in the Jordan Watershed
application. GWLF severely limits the represetaif multiple small hydrologic response units

(HRUSs) needed to capture entity loads more acdyrgieovides only a rudimentary representation of
BMP performance, and its reliance on the daily eurumber approach and Universal Soil Loss Equation
(USLE) restricts load estimation to seasonal amdiahlevels. Furthermore, GWLF'’s lack of instream
sediment transport dynamics and nutrient specietiks means that it must be paired with another
model to provide an accurate representation ofanitdelivery cumulatively through the watershed.
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The SWAT model (Neitsch et al., 2005) was of inteteecause it is currently being set up by NCSU for
application in the watershed to inform agricultureinagement decision-making. The model is an
excellent tool to simulate agricultural land used enanagement practices for sediment and nutrient
source loading estimates. However, it is not tfs¢ ¢hoice among options for estimating loadsvéséd

to Jordan Lake because its daily time step andoagprto estimating solids delivery limits accurate
representation of urban land use hydrology andifit transport, it has lesser capability to regmes
urban stormwater BMPs, and its relatively weakrageain water quality kinetics capabilities limit trus
ultimate fate and transport predictions.

The HSPF and LSPC models were found to have theokermll combination of features related to the
Jordan watershed modeling needs: strong spatiaeamgloral scale representation, strong representati
of urban and other land uses, flexibility to rer@smultiple source and loading features, andangtr
history of application to TMDL and water supply f@ction studies. Both models are capable of
producing accurate sub-daily concentration premhicti(unlike SWAT, WARMF, and GWLF), allowing
more detailed calibration to instream water qualltgervations. In addition, both models possess th
flexibility to allow for efficient enhancement imesas where improved capabilities may be needed (e.g
simulation of onsite wastewater disposal). In samymthe key benefits of these models are:

1. HSPF and LSPC provide dynamic simulation of watatrients, and sediment; including both
upland and instream sediment processes at a usefieg level of detail and complexity, and is
thus suitable for addressing the principle studgstjons.

2. HSPF is supported by EPA with open source codehandh long history of well-documented
applications for addressing hydrology and sedimaartagement applications. It also provides a
platform for full simulation of nutrients, bacteriand other endpoints of potential interest.

3. LSPC implements the HSPF code with an improved inserface and database structure, which
will be particularly useful for tracking regulatedtity loads in the model.

HSPF/LSPC’s sophisticated instream kinetics simaigbrovides a firm basis for assessing basin-scale
impacts; however, the model is weaker at processébeepresentation of the details of agricultural
management at the field scale. This disadvantagéoe overcome through use of smaller-scale
agronomic models to constrain the basin-scale sitiuis. The aggregate behavior of the large-scale
model is adjusted to replicate the findings offibll-scale models — which increases both the aayur
and the credibility of the watershed model.

Ultimately, LSPC was selected for use in the projiere to its improved interface and database strect
which is well suited for the task of tabulatingdsaby land use and entity.
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Table 2-1. Comparison of capability of candidate mo  dels to satisfy project objectives
Capability key: ® High o Medium * Low
Criteria Technical approach options
Relative GWLF | WARMF HSPF LSPC SWAT | SWMM
Importance
Technical

Spatial Scale and Representation

* Ability to customize segmentation L - L ® [ ] L [

e Predict loads for multiple spatial scales ® - ® L ] o [

e Ability to predict HRU-based loading L -- o ® o o v
Temporal Scale and Representation

* Long-term trends and averages ® ® L L [ ] [ ] -

» Continuous —predict shorter time period L - - ® o [ [

variability
e Loads by flow regime ] - - [ ) - [
* Simulation time step - Daily Daily Sub- Sub- Daily Sub-
daily daily daily

Sources

* Land uses represented (urban and non-urban) o ® ® L ] L L 4

¢ Explicit simulation of urban land uses ® - 4 L ([ - [

* WWTPs [ L 4 [ [ ([ [ [

e Atmospheric Deposition L4 -- [ L ([ - v

* Sanitary sewer discharges - - i - - o [

*  Septic systems ® . - o . . .
Land and Water Features

*  Agricultural, urban, forest land use/ land cover L - L [ [ [ -

* Tillage and fertilization practices hd i - - - [ --

e Land use change [ [ - [ [ - .

*  Stream network/routing ([ o o { ® o o

* Impoundments (flow and water quality) - - ® - - L 4 -
@ TETRATECH 9
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Capability key: ® High o Medium * Low
Criteria Technical approach options
Relative GWLF | WARMF HSPF LSPC SWAT | SWMM
Importance
Pollutants
» Total nutrient concentrations L o o o [ [ [
» Dissolved/particulate partitioning - o L ] [ [ °
* Nutrient species/kinetics v o [ { o o --
* Sediment loading - - [ [ [ [ [
* Instream sediment transport hd -- o ® o v o
* Instream nutrient species/kinetics - - L ] [ - .
Physical Processes/Critical Basin Factors
* Nutrient load sensitivity to soils and geology v o - ® ® [ v
* Integrated groundwater modeling b - ® - - L 4 L 4
User Requirements
e Assign WLAs by jurisdiction - L L o -
* Technically defensible (previous use/validation, ® ® - L ] [ [
thoroughly tested, results in peer-reviewed
literature, previous TMDL studies)
e Fully publicly available domain code L - - [ - - ]
* Code modifiable to address specific needs - - -- ® ® [ L
* Level of effort required for Jordan watershed o Low Medium High High Medium Very
application High
Management Scenarios
* Represent impact of existing SW controls L -- - ® ® - o
e Urban BMP representation L -- - w [ o o
»  Agricultural BMP representation ° o° | - - [ -
* Shared vision scenario generation ® - ® - ] L 4 L
Notes:a. GWLF-E version
@ = High: detailed simulation of processes assogiatith land feature
w» = Medium: moderate level of analysis; some linnitas
¢ = Low: simplified representation of features, gigant limitations
-- = Not supported
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2.1.2 Characteristics of the LSPC Model

LSPC uses HSPF's algorithms for simulating watetshglrology, erosion, and water quality processes,
as well as instream transport process:(/www.epa.gov/athens/wwagtsc/html/Ispc.hmILSPC
integrates a geographical information system (Gi8nprehensive data storage and management
capabilities, and a data analysis/post-processisigs into a convenient, PC-based, Windows interfac
LSPC's algorithms are identical to a subset of¢haghe HSPF model. LSPC is freely distributed by
EPA'’s Office of Research and Development in Ath&morgia, and is a component of EPA’s National
TMDL Toolbox (http://www.epa.gov/athens/wwqtsc/index.htmThe model executable used for this
project is version 3.2, compiled on August 20, 2013

A key advantage of LSPC over HSPF and other wagdratodels is a data management feature that uses
a Microsoft Access database to manage model ddtaveather files for driving the simulation. This
provides great flexibility for data transfer andmpailation, which is critical for complex watershed
studies. LSPC was designed specifically to haneltg large-scale watershed and receiving water
modeling applications at a high resolution. Thalaidas been successfully used to model watershed
systems composed of well over 1,000 sub-waterstiedsit least as many individual stream elements.
The highly adaptable design and programming arctuite allows for future modular additions based on
specific project needs. Furthermore, the entistesy is designed to simplify model sharing.

2.1.2.1 LSPC Hydrology Representation

Watershed hydrology plays an important role indbrmination of nonpoint source flow and ultimatel
nonpoint source loadings to a waterbody. The whtat model must appropriately represent the spatial
and temporal variability of hydrological characs#ias within a watershed. Key hydrological
characteristics include interception storage cdigsciinfiltration properties, evaporation and spination
rates, and watershed slope and roughness. LSRfGHtlams are identical to those in the Hydrologic
Simulation Program FORTRAN (HSPF). The LSPC/HSRiglates used to represent watershed
hydrology include PWATER (water budget simulation pervious land units) and IWATER (water
budget simulation for impervious land units). Aalled description of relevant hydrological algbnits

is presented in the HSPF (v12) User's Manual (Batket al., 2005).

A schematic of the LSPC hydrology model is provide&igure 2-1. Rain falling toward the land first
experiences interception storage (CEPSC). If tieespace available in interception storage, fillesd up
and all remaining precipitation volume proceedthtland surface. Once on the land surface, vigter
divided into subsurface flow and surface flow bijliration (INFILT). Any water not being infiltragd is
divided between upper zone storage (UZSN), inter{liiNTFW), and overland flow (SURO). If space
exists in upper zone storage, it is filled firstdye becoming interflow or overland flow. Overlafiolw
travels directly to the stream, and timing is basedhe slope, length, and Manning'salue of the
overland flow plane. Interflow travels to the stmeunder the surface of the land, and the timing of
interflow outflow is dependent on the interflow ession constant (IRC). Water in the upper zone
storage is either evaporated or moves deeperhntedil profile through percolation. Infiltratechter
first fills the capacity of lower zone storage (UM¥Sand water is lost from lower zone storage thfoug
evapotranspiration (LZETP). Any remaining wategrtlenters one of two groundwater storage
components. Inactive groundwater (water not hatliegability to become stream flow) is suppliedsby
value for DEEPFR. Active ground water storageeleased to the stream through a groundwater
recession constant (AGWRC). Water can be lost tooth active groundwater storage and groundwater
outflow by values supplied for AGWETP and BASETBpectively. The model simulates total actual
ET by trying to fulfill PET by first removing watdrom baseflow outflow, then interception storatipen
upper zone storage, then groundwater storage aaltlyflower zone storage.
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Figure 2-1. Schematic of LSPC Hydrology Components and Pathways

2.1.2.2 LSPC Water Quality Representation

The LSPC platform provides comprehensive waterityusimulation on the land surface and within
waterbodies. Upland sediment production is basedetachment and scour from the soil matrix or
buildup processes on impervious surfaces with grarndy flow energy. Transport of nutrients anklest
pollutants from the land surface may be simulagdgia buildup/washoff approach and as associated
with the movement of sediment. Pollutant loads mlap be associated with interflow and groundwater
discharge. The stream reach simulation includedutes addressing sediment scour, deposition, and
transport; dissolved oxygen simulation; completgient and eutrophication kinetics; and a varidty o
other options. A general schematic of the nutrsémiulation processes represented in LSPC is pedvid
in Figure 2-2.
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Figure 2-2. Schematic Representation of Key Nutrien  t Simulation Processes

2.2 SIMULATION PERIOD

The model simulation period was selected baset®purposes of the project and the availability of
data. A key output required of the modeling immparison of watershed loading from the legisldgive
defined baseline period of 1997-2001 and currentlitions. Therefore, the model must commence in
1997 or earlier and proceed as close to presgnisssble. Data available for calibration (see iBacd)
are more numerous after 1997, while land use irdtion is available for 2001 and 2010 condition&(se
Section 2.4.2). Rapid urban development in pdrtseowatershed during the 1990s renders data from
prior to 1997 less useful for model calibration s well matched to the 2001 land use information
However, it is also necessary to provide a yeanadel spin up to allow the simulation of soil and
shallow groundwater stores to equilibrate priothi® period from which calibrated model output is
required. Therefore, the starting point for thawdation was set to January 1, 1996.

While it is desired to run the model to as closthtocurrent date as possible, the ending poirthier
simulation is constrained by the availability ahé series data for meteorology (Section 2.5) arit po
source discharges (Section 2.6). Based on datiabilisy at the time of model development, the
endpoint for the model simulation is September28d,2, for a total simulation length of 15.75 years.
The length of the simulation period is consisteithwhe recommendations made in the QAPP to allow a
least 15 years for hydrologic calibration and cbamtion.
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2.3 MODEL SEGMENTATION

2.3.1 Subwatershed Delineation

To evaluate the sources contributing to an impaivatérbody and to represent the spatial variability
those sources within the LSPC watershed modetjrthieage area contributing to the waterbodies is
represented by a series of hydrologically connestdnvatersheds. Each subwatershed (or SWS) has a
representative reach to receive runoff from thallsabwatershed as well as receive the instream flo
from any subwatersheds located upstream.

NHDPIus Version 2 catchments (McKay et al., 20I@)vjaled the foundation for delineating the SWSs.
The NHDPIlus catchments are much smaller than tigetied size for the ultimate model SWSs; however,
it is more efficient to aggregate polygons thaspbt them along fine-scale drainage divides quahts

of interest (e.g., confluences of interest, moimigtocations). In a few cases, manual editingtit
NHDPIus catchments was needed to meet the goalgskquent modeling efforts. To facilitate
subsequent model calibration and corroboratiompagss of aggregating the NHDPlus catchments was
used to create model SWSs with the goal of hawuikpts at:

* Major water quality and/or stream flow monitoringtions
* Major regulatory boundaries

* Major waterbody outlets

* Major confluences

Secondary objectives to be met through the catchawgregation process were to minimize variabitity
SWS size while specifying catchments with relagjnvadnsistent land use and cover. The aggregation
process resulted in 152 model SWSs in total (coetghty 56 HUC-12 watersheds that drain to Jordan
Lake). The resultant model SWSs compared to th€HP watersheds along with descriptive statistics
can be found in Figure 2-3. The subwatershed ntimpecheme is shown in Figure 2-4

In four cases, monitoring sites are located diyestiwnstream of the confluence of two model
subwatersheds. For those locations, short roudiaghes with no additional upland drainage area wer
created. These routing reaches are used solalygi@gate model output to compare the simulatedtses
to the observed field data at those four locatenmd do not otherwise affect the simulation.

The subwatershed delineation is consistent witlidpegraphy of the watershed and final modificagion
were made in reference to a digital elevation m@b&M). The 30-meter resolution DEM provided as
part of NHDPIlus Version 2 is the most recently updaNational Elevation Dataset (NED) release from
the U. S. Geological Survey (USGS). AdditionaMKIDPlus Version 2 also provides a conditioned
DEM (HydroDEM) used to produce the NHDPIlus Versstream polyline and catchment polygon
shapefilestittp://www.horizon-systems.com/NHDPIlus/NHDPlusV2ntephp. These two DEMs are
ideal for this project because there is complatgalent of NHDPlus catchments (and by extension
model subwatersheds), DEM values, and NHDPIus ¥ergistream polylines maximizing the accuracy
of model inputs with minimal processing effort.

TETRATECH
14



July 2014

Jordan Watershed Model

giae. |\
=Y

AN
g,‘!

v,

YALN

-~
Y

¥
N

/
C

©
@
L
&
2
©
3
)
=]
n
0]
°
o
=

oy
©
°
c
=
o
s3]
o~
Y
O
2
I

=
©
°
c
=
o
s3]
2
c
=
o
O

—
3
=

1t TETRA TECH

!
]
<
[
—
ko)
=
2
©
-
c
©
o
o
S

30
1Miles

20

10

3-P.Cada

a
.m_
!
§
b
H
2

_StateP!
Map produced 02-11-201

NAD_1983_Stat

Figure 2-3. Model Subwatersheds (SWSs) and HUC-12 B oundary Comparisons

15



July 2014

Jordan Watershed Model

16

Figure 2-4. Model Subwatershed Numbering



Jordan Watershed Model July 2014

2.3.2 Waterbody Representation

2.3.2.1 Stream and River Segments

2.3.21.1 Dédineation of Stream and River Segments

Stream and river segments are represented in tbelras water reaches. These reaches were created
from the HydroDEM using ArcSWAT's automatic wategghdelineation toolset (built upon ArcHydro
tools). Because the NHDPIlus Version 2 stream pwgland the HydroDEM are completely aligned,
model reaches produced by ArcSWAT also match ufegidy with their NHDPIlus Version 2 stream
polyline counterparts. ArcSWAT allows the prodaatof a significantly pared down reach coverage
allowing for quick creation of model reaches bylag out ancillary tributaries within each model
subwatershed.

2.3.2.1.2 Reach Characteristics

LSPC itself is not a hydraulic model. Instead, $tege-storage-discharge relationships for eaehrstr
reach are represented through a Functional TalbleblE). The FTable describes the hydraulic belavio
of a waterbody segment by defining the functioeddtionship between water depth, surface areaywate
volume, and outflow in the segment. The assumpifanfixed depth-area-volume-outflow relationship
rules out cases where flow reverses direction @re/lone reach influences another upstream ofit in
time-dependent way. The routing technique fallthaclass known as "storage routing" or "kinematic
wave" methods. In these methods, momentum isoridered (USEPA, 2007). FTables can be
specified in the model using two methods — extéyrslpplied, or internally calculated. Table 2-2
provides an example of an externally supplied F&.abl

Table 2-2. Example of an FTable used by LSPC

RCHID | DEPTH_FT | AREA_AC | VOL_AC-FT | DISCH1_CFS
101 0 0 0 0
101 0.465528 | 19.23142 8.72895 184.5238
101 8.379509 | 35.57813 225.6098 27506.71
101 8.845037 | 91.34924 242.3962 30449.98
101 44.22519| 119.8671 3978.829 1441000
101 185.7458 | 233.9387 29014.23 24600000
101 362.6465| 376.5281 83010.25 1.02E+08

Externally supplied FTables can be generated ftwroutput of a hydraulic model such as HEC-RAS;
however, such models are not available for the ritgjof stream reaches in the Jordan watershedh (wit
some exceptions, such as the Haw mainstem). Tdrereéhternal calculations were used to generate
FTables for most reaches that were sufficient f@uation of flow and pollutant concentrations and
loads. The characteristics needed for each reae$timate an FTable include reach length (LENGTH),
reach slope (SLOPE), reach bankfull depth (DER)héankfull width (WID), Manning’'s, a reach
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bottom width factor (R1), slope of the sides of tlverland flow channel (R2) and a floodplain width
factor (W1). A schematic of the channel geometrL$PC is provided in Figure 2-5. Reach length,
upstream elevation and downstream elevation (tmutate reach slope) were obtained when creating the
representative reach file during the watershededation process. Values for R1, R2, and W2 wdte le
at default values of 0.2, 0.5, and 1.5 respectivé@lge assumed Manning'svalue for all reaches in the
model was 0.04. Bankfull width and depth werenaated by using a hydraulic geometry equation that
estimates bankfull depth and width as a functionpstream drainage area (Leopold and Maddock,
1953). The LSPC default equations are as follows:

Bankfull Width = 1.4995 - DX*® and
Bankfull Depth = 0.2838 - DX,

where DA is the drainage area in square miles ddthwand depth are in units of feet.

DEPINIT

DEP
0.5*W1*WID

—

R1*WID

Figure 2-5. Channel Geometry Representation inthe  LSPC Model

Detailed stream cross section information provibedhe North Carolina Flood Mapping Program
(NCFMP) for Alamance County was used to investigfatee default values provided reasonable
estimates as compared to the field observatioh& stream geometry of Haw River was checked at
seven locations and Reedy Fork Creek, Jordan CBglAlamance Creek, Cane Creek, and Haw Creek
were each checked at one location (Table 2-3). deffi@ult values for bankfull width provided reasboiea
estimates when compared to field observations &uikfioll depth was too shallow. The exponent in the
equation for bankfull depth was modified until aiceptable agreement was achieved between calculated
and observed bankfull depth. The final exponehievased was 0.3338 for all stream reaches with
internal calculated FTables.
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Table 2-3. Comparison of Observed and Calculated Ba  nkfull Widths and Depths

Calculated Cross Section
LSPC 5 Observed Cross Section Measurements Measurements
Subwatershed ream Initial Final
(SWS) AEWS . :
NCFMP Bankfull Bankfull Width | Depth | Width | Depth
Reference Width (m) Depth (m) (m) (m) (m) (m)
109 Haw River A_HR_15X 83.07 4.04 74.19 3.38 74.19 4.81
115 Haw River A _HR_17X 61.92 3.56 71.07 3.28 71.07 4.64
116 Haw River A_HR_21X 92.73 2.82 70.34 3.26 70.34 4.60
207 Haw River A HR_26X 64.48 2.97 60.50 2.93 60.50 4.06
147 Haw River A _HR_33X 67.86 3.80 57.18 2.81 57.18 3.87
149 Haw River A_HR_40X 38.9 4.55 51.97 2.63 51.97 3.58
179 Haw River A _HR_46X 26.82 3.41 35.92 2.02 35.92 2.63
154 Reedy Fork A_RF_04X 32.25 3.02 4054 | 220 | 4054 | 291
198 Jordan Creek | A_SYC_04DSX 65.35 2.53 27.18 1.66 27.18 2.08
144 Big Alamance A_GC_01X 11.19 3.11 10.09 0.82 10.09 0.91
112 Cane Creek A_CC_10X 12.82 2.54 19.16 1.29 19.16 1.56
215 Haw Creek A_HC_02X 14.11 3.12 16.85 1.18 16.85 1.40

2.3.2.2 Lakes and Reservoirs

The Jordan watershed contains a variety of impowmdsny ranging from small farm ponds to large
reservoirs. The larger impoundments are explicépresented using externally supplied FTablearas
numerous run-of-river low head dams. The effetsmall ponds are represented implicitly as a water
land use.

2.3.2.2.1 Reservoirs Explicitly Simulated

There are 12 lakes or reservoirs within the Jotddee watershed that are explicitly simulated in the
LSPC model. These are listed in Table 2-4 and stepatially in Figure 2-6. (Jordan Lake itselhst
simulated in this model.) Like the stream andrsegments, lake hydraulic behavior is also repiteske
through FTables. Two sources provided the majofitypformation used to estimate the lake FTables —
information from the OASIS water supply model (Hylhgics, 2009), and NC Department of
Environment and Natural Resources (NC DENR) lalsessment reports.
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Table 2-4. Reservoirs Included in the LSPC Watershe d Model

Reidsville Lake 8,593 191 OASIS
Lake Brandt 10,131 170 | OASIS
Lake Townsend 19,426 168 OASIS
Stony Creek Reservoir (Lake Burlington) 2,800 197 OASIS
Lake Cammack (Burlington Reservoir) 9,891 200 Lake Assessment Reports
Quaker Creek Reservoir (Graham-Mebane Reservoir) 7,052 209 OASIS
Lake Mackintosh 21,530 132 OASIS
Cane Creek Reservoir 9,232 217 OASIS
University Lake 1,378 229 OASIS
Lake Hunt 2,270 195 Lake Assessment Reports
Lake Higgins 2,432 172 Lake Assessment Reports
Lake Jeanette (Richland Lake) 3,405 169 Lake Assessment Reports

_Lake
Lake Cammack

Lake” Townsend
Brandt

Legend
Select NHDPIlus V2 Waterways
All NHDPIlus V2 Waterways
- Major Waterbody

- Other Major Waterways

D County Boundary
D Jordan Lake Watershed

Jordan Lake Watershed

NAD_1983_StatePlane_North_Carolina_FIPS_3200 ! @ TETRA TECH
" Map produced 02-11-2013 - P. Cada 0 5 10 20 3.0Mile

Figure 2-6. Lakes and Reservoirs in the Jordan Lake =~ Watershed Model
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DWR provided Tetra Tech access to the OASIS wateply model of the Cape Fear River basin, which
includes information on the stage-storage-aredioakhips of the reservoirs and also their normal
operational range. For each lake with the datacedisted as “OASIS” in Table 2-4, the OASIS stage
storage-area relationships were directly used nstcoct the FTables. In some cases, the OASIS data
was incomplete or lacked sufficient detail for eg@nting outflow at stages close to normal podle T
OASIS information was updated and corrected fomtbrenal pool area of Quaker Creek Reservoir and
for various characteristics of Lake Townsend, LBkandt, and Reidsville Lake. OASIS information on
discharge rates was insufficient to estimate owtthydrographs, so downstream gaging was used, when
available, to adjust stage-outflow relationshipslam agreement was reached between simulated and
observed normal pool elevations and downstreamsflolw some cases, the FTables were refined with a
weir equation using weir dimensions estimated femmal photography (Google Earth).

Four lakes included in this watershed model aresmplicitly represented in OASIS. Each lake whik t
data source listed as “Lake Assessment ReporfBalihe 2-4 used normal pool volumes and surface
areas published in NC DENR (1992) and NC DENR (2@08ng with weir width measurements made in
Google Earth to help estimate the FTable. Norroal purface area for Lake Higgins was updated using
recent information from the City of Greensboro RBaskd Recreation websitettp://www.greensboro-
nc.govj). The FTables were then calculated by using ttey Gifrastructure Tool, part of the HSPF BMP
web Toolkit (USEPA, 2013). Each lake was consideoebe a trapezoidal channel and inputs to thle too
included maximum channel depth, top channel wictilannel side slope, channel length, channel
Manning’sn value, and slope. The outlet was representechasaa crested weir. The values of the
parameters used to generate the FTables for eahbs# four lakes are provided in Table 2-5.

Table 2-5. Parameters for Calculating Lake FTables  with the EPA Tool

Name Depth | Width Side Length | Manning’s Slope Weir Weir
(ft) (ft) Slope (ft) n P width(ft) | Invert (ft)
Lake Cammack 13.17| 1636 1| 20,000 0.04 | 0.00127 343 12
(Burlington Reservoir)
Lake Hunt 12.58 | 1429 1 5,500 0.04| 0.00966 62 11
Lake Higgins 14.0| 1093 1 9,000 0.04 | 0.00095 100 11
tgtg;eanette (Richland | 35 15| 2018 1 5,600 0.04| 0.00193 60 12

2.3.2.2.2 LowHead Dams

A dataset identifying the locations of dams was loaded from the National Atlas Spatial Dataset
(http://nationalatlas.gov/atlasftp.himlAdditional smaller low head (run-of-river) ddatations were
identified from materials provided by Kurt Golemkesvith the NCFMP. Specific materials provided
included limited-detail HEC-RAS models for the mabem Haw River for Chatham and Rockingham
counties and detailed survey information colleée®010-2011, repeating a study conducted in the
1980's, for Guilford and Alamance counties.

The NCFMP data were used to determine the heigtggioh dam. It was found that dam height was
generally the same as calculated bankfull heighth®ktream reach. As a result, the FTables ialigrn
calculated by the mode were considered sufficientdpresenting stage-storage-volume relationships,
and only outflow values needed to be updated. Hlreble for each watershed with a low head dam was
modified to account for the effect of the dam otflows as a function of stage. Outflows below taen
height were set to zero, while outflows above tleér were set to the range of outflows in the owdjin
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FTable starting with zero stage (i.e., the outflvetagex in the original FTable was substituted for the
outflow at stage plus the weir height in the revised FTable). #tsvassumed that this approach would
cause a reasonable expansion of volume in the stegds with low head dams. Table 2-6 provides an
inventory of the low head dams input into the Jartake watershed model, and Figure 2-7 shows their
spatial location. Some model subwatersheds (S\8pm more than one low head dam. In such cases,
only the most downstream dam, which controls owtflaom the reach, is represented in the model. For
the low head dams an FTable is supplied in the huatabase.

Table 2-6. Low Head Dams in the Jordan Lake Watersh ed

Figure ID | LSPC SWS Name NCFMP Reference Weir Height
1 105 Bynum Dam Chatham County HECRAS 16
2 110 unknown A_CC_05 N/A
3 110 Unknown A _CC 03 6
4 112 Unknown A_CC_09 5
5 115 Saxapahaw Dam A_HR_20 15
6 118 Puryer Dam A_HR_23 15
7 207 Unknown A HR 24 13
8 131 Unknown A_BAC_02 8
9 145 Unknown A_BB 02 4
10 145 Unknown A _LAC 11 N/A
11 143 Unknown A_WBCT1-0 4
12 143 Unknown A_MB_01 N/A
13 143 Unknown A _MB_04 N/A
14 208 Unknown A_EBC_09 7
15 197 old Stony A _SYC_02 N/A*
16 197 Unknown A_SYC_03 N/A
17 148 Irelands Dam A HR 38 N/A
18 148 Glencoe Mills Dam A _HR 37 12
19 154 Unknown A_RF_02 10
20 179 Altamahaw Mill Dam | A_HR_45 9
21 179 Unknown GU_HAW_03 N/A
22 184 Unknown GU_BEN_05 N/A
23 184 unknown GU_BEN_04 4

Note: N/A* means already represented by a reservoir; N/A means not represented due to being upstream of another
dam in the same model segment
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Figure 2-7. Location of Low Head Dams in the Jordan Lake Watershed

2.3.2.2.3 Minor Ponds

Smaller ponds are not explicitly simulated in thedel; however, their impacts are approximated tiinou
a water land use. This is designed to reflecbtiiance of precipitation, evaporation, and runoff
experienced in ponds.

Simulating water as an upland land use requiregugnparameterization in the LSPC model. For
hydrology, the infiltration rate is set to a smadlue, the slope of the overland flow plane is alsbto an
extremely small value (range in the hundred thodtenft/ft) and the length of the overland flowndais
set to an extremely large value (range in the om#liof feet). LZSN is set to zero, which causes th
LSPC code to default to passing all infiltrated evahrough to active groundwater storage. Thisesau
the model to simulate precipitation as ponded iflese and upper soil zone storage, with slow irafiion
into the subsurface. With this configuration, maisthe incoming precipitation is eventually retedto
the atmosphere as evaporation. The remaindeuisddo surface spillage during large rainfall égen
This approach is intended to mimic the hydrologibdior of small, shallow ponds scattered throughou
the landscape. However, because the water land nge simulated as a waterbody reach, the role of
ponds in damping flow peaks from their contributarga cannot be represented.

Because these small ponds are not simulated asagabeir role in trapping nutrients from adjadant
is also not explicitly represented. Instead, lesaesmall ponds are implicitly included in the didag
rates from other upland land uses. The water Uesedtself is assumed to provide a net zero carttab
of nutrients to downstream reaches.
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2.4 UPLAND REPRESENTATION

2.4.1 Hydrologic Response Unit Approach

A key goal of the watershed model is to provided that can provide accurate estimates of nutrient
loads (both at source and delivered) for individaat uses and areas. This provides the basis for
allocations to individual entities and is accomipdid by constructing the model land use representati
using a hydrologic response unit (HRU) basis. Aydrologic response unit (HRU) concept provides a
way to capture landscape variability into discratés. In general, the HRU approach holds that
landscapes possess an identifiable spatial steyand that the corresponding patterns of runaff an
stream chemistry are strongly influenced by climgeology, and land use. An HRU is defined asifa un
of land with relatively homogenous hydrologic prafes, taking into account the combination of land
use/land cover, soil properties, and geology. HIR&Js can thus be simulated on a unit-area basis and
multiplied by the relevant area to estimate the/feod pollutant input to a given stream reach.

2.4.2 Land Cover and Imperviousness

Land use and land cover (LULC) datasets with cayeia the entire watershed are available; however,
the most recent watershed-wide data for developeasare derived from the Landsat Enhanced
Thematic Mapper satellite platform circa 2006 (Fatyal., 2011) and only available as 30-meter
resolution grid-based data. This project requmeslel LULC inputs for both the baseline scenario
(1997-2001) and existing scenario (2010). Addaibn both scenario outputs will be used to detasmi
load allocations for entities having boundaried teguire finer scale resolution than the availdtle
meter resolution grid-based data. To increasgtieision of LULC inputs and therefore the accuraty
subsequent load allocations, creation of highestutien LULC datasets for both scenarios was
proposed. Tetra Tech enlisted their Geomatics A@olyies team to create high-resolution LULC
datasets for the baseline and existing scenarios.

The Tetra Tech Geomatics Technologies team provafetiuse and land cover classification data fer th
Jordan Watershed area for two distinct temporagjenadatasets. The 2010 imagery classificatiooreff
used NAIP (National Agricultural Imagery Programinkter resolution, 4-band imagery (red, green,
blue, and near-infrared bands). The 1999 imagdesstication used USDA (United States Department
of Agriculture) ¥2-meter resolution, 3-band colofrared (CIR) imagery (red, green, and near-infrared
bands). The team also collected numerous othed&igsets for the watershed, such as impervious
surface data, building footprints, hydrology datag general land cover datasets. Most of the GIS
datasets were obtained from individual municipaditivithin the Jordan Watershed boundaries.

2.4.21 2010 Imagery Data Processing

Satellite imaging sensors often collect multiplectpal bands (i.e., red, green, blue, near infjared
Multispectral classification techniques are usedrtalyze the data and classify ground featuresdbase
their spectral characteristics (colors, reflectaete). These techniques are generally categoaged
supervised and unsupervised classification. Inp@stised classification known ground features aedu
as training samples to guide the classificatiorowim ground features can belong to classes such as
water, asphalt, vegetation. The spectral imageacheristics of these training samples are usethssify
the imagery data. On the other hand, for an unsigesf classification no training samples are resgliir
The image is classified without prior knowledgela# ground. In most cases, a combination of both
methods is used. First, an unsupervised classdita performed, followed by a supervised
classification to refine unsupervised classificatimutputs.

Both spectral unsupervised (fully automated) anmbstised classification of the NAIP 2010, 1-meter
resolution imagery was performed on a test tilbe Test tile was chosen because it contained a good
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representation of most land cover types withinlagershed. The unsupervised and supervised
classification was necessary to create a traingtgpsclassify all tiles within the watershed inkbuThe
process to create the training set was iterativmpoove accuracy of the final land cover/land use
classification. Once the training set was completspectral supervised classification of the NAIRO,
1 meter resolution was applied to all 45 tiles emgethe Jordan Lake watershed. The process was
batched and run within the Erdas Imagine software.

GIS datasets provided by stakeholders were subj¢ate QA/QC process to determine if the layersewer
complete and accurate enough to use as traininglsaror imagery classification. Layers included
planimetrics, land use, building footprints, andi@as planning boundary datasets. Those categbage
not sufficiently accurate had issues such as numea@ndom inaccurate polygons that appeared to have
come from a spectral classification process, atler cases, polygons that were not classifiedioh s

way that proved useful to the imagery classificatdforts.

Some of the USGS NHD (US Geological Survey, Natidhalrography Dataset) GIS data used for the
classifications were edited to enhance accuratiyeotlataset for training purposes. Because the NHD
water layer (04/27/10) differed substantially frtme NAIP 2010 imagery, a partially automated preces
was created to classify vegetation via an unsupedvtlassification, convert to shapefile, and idignt
NHD polygons that contained overlapping vegetatibhese overlapping polygon areas were visually
assessed to determine if they could be eliminatad the NHD-based training dataset.

During this first QA/QC step, it was determinedtthat only were there overlapping polygons of
individual lakes in the NHD dataset, but that giganumber of lakes were missing from the shapeiid,
the shape, or outlines, of lakes within the dateset inaccurate. The team created a ‘major lakes’
shapefile of water bodies compiled from NHDPIlusiHResolution and Hydro 24k datasets, and
improved accuracy of the dataset by adding anéhgdikes (to match aerial imagery) that met a i§jgec
size threshold (> 200 square meters).

Impervious surface layers were also edited to imp@ccuracy of training datasets. Buildings aihd al
other impervious surfaces (e.g., roads, drivewsigewalks, parking lots) were often lumped into one
shapefile, as provided by stakeholders. Shapatfitdoute data were used to separate the buildiogs
the other impervious surface types.

The GIS layers discussed above were “burned” ma2010 land cover classification output. These
layers included the NHD, major lakes, impervioudae, and buildings datasets. In Erdas Imagine
software, the datasets were converted to maskgharalxels within the masks were then reclassified
into the appropriate land cover types. For theN2010 imagery, in isolated areas, the supervised
classification was manually improved by convertamgas misclassified as water to impervious andsarea
misclassified as impervious to lakes and rivers.

2.4.2.2 1999 Imagery Data Processing

Color infrared imagery (CIR) from the USDA NAPP (idenal Aerial Photography Program) was
purchased to help develop LULC inputs for the mdudedeline period (1997 — 2001). The imagery was
delivered as 151 individual scans of film that riegg orthorectification and creation of mosaicdieT
imagery was acquired from 11 different rolls ofrfjlrepresenting four different cameras and four
acquisition firms, and was flown during a period=e@bruary through April 1998 and throughout 1999.
The imagery received had 30 percent sidelap amkfdcent forward overlap (meaning that there was not
full stereo coverage and that only every other enags provided). The team downloaded approximate
photocenter coordinates from the USDA web siteatidcted ground control data from NAIP 2010 (XY
coordinates) and from NED elevation data set (Zadioates). The image was oriented by performing
aerotriangulation and orthorectified in Inpho Osxtista software using NED (National Elevation Data)
elevation models. The imagery was orthorectifeed meter resolution to match the NAIP 2010 imagery
dataset.
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Due to the different acquisition dates, the imadeag four large, distinct areas of different colofhese
distinct areas were treated separately for imagegsification. The project area were divided into
several blocks, according to these acquisitionsdeddors and images were mosaicked for each
individual, distinct block. A spectral supervisddssification of the USDA 1999, 1 meter resolution
imagery was then performed. Due to the fact thailtSDA 1999 imagery had four distinct areas, & wa
not possible to use one training set on all oftilke covering the watershed. In addition, theligyaf

the imagery color and contrast was poor. The imagas retiled according to spectral signature
resulting in six different sets of imagery tileBraining sets were made individually for each &f $ix.
Due to the lack of contrast in some of the imagkry, training sets were necessary for some ofithe s
subsets of tiles. A total of nine training setsevesed in the imagery classification process. eOnc
training set creation was complete, supervisedsifieation was batched in Erdas Imagine softwarté wi
the separate classification results merged to emat seamless dataset for the watershed.

Just as with the 2010 imagery classification preciespervious surface layers were also edited to
improve accuracy of classification outputs. Asvasly mentioned, buildings and all other impenso
surfaces (e.g., roads, driveways, sidewalks, pgrkits) were often lumped into one shapefile, as
provided by stakeholders. Shapefile attribute datee used to separate the buildings from the other
impervious surface types. The impervious surfataskts for the 1999 imagery classification were
created by querying provided GIS layer attributdds for dates 2005 or earlier. Also, in many satiee
building footprint datasets did not match the 1888gery and were often not used in the process;
however, it was possible to manually correct soatagkts in a bulk “select and drag” process torensu
accurate geo-location of building footprints.

The impervious surface datasets provided by stdéef®deemed sufficiently accurate, along with the
same NHD and major lakes datasets used in theigtddery classification process, were “burned” into
the 1999 imagery classification output. The méydilter tool was used to smooth the final classifion
output.

2.4.2.3 Supplemental Land Use/Land Cover Data Processing

An important objective of identifying land use/lacaver for 1999 and 2010 was to perform a change
analysis identifying areas that transitioned frame tand use/land cover to another, particularhasitbat
were converted from more pervious land use types (orest, pasture, grassland, row crop agricejtio
types of land uses with more impervious surfaces, Guburban/urban developed areas). Because of
three factors—1) the different acquisition datethef1999 imagery, 2) errors observed throughaasar
of more pervious land use types in both the 199P24Y10 imagery classification processes (often
misclassified as impervious, such as very sandyehdields that have a highly reflective signajueand
3) the inability to decipher different pervious danses (row crops vs. forest vs. pasture vs. dpeelo
open space)—additional post-imagery classificasit@ps were needed for areas not classified ag,fores
impervious, or water at this stage of image prdaogs3 o address these issues the 2002 and 2010
Cropland Data Layer (CDL) products were downloafieth the following website:
http://www.nass.usda.gov/research/Cropland/metadatadata_nc10.htmSince Tetra Tech’s imagery
classification efforts identified areas of forestlampervious surfaces for 2010 with relative aacyr it
was only necessary to use the 2010 CDL produdatdycand aggregate land uses and land coveifsein t
rural and vegetated areas (other than forest)ifdmhby Tetra Tech’s 2010 imagery classificatidfods.

There are significant differences in the sourcegieng and classification methods between the 2002 an
2010 CDL products, and it was identified that tB@2 CDL product’s accuracy compared to ground-
truthing data was relatively poor. To ensure agramrcurate change analysis between Tetra Tech% 199
and 2010 imagery classifications, the 2010 CDL pobavas used to define the 1999 land use and land
cover classifications in the more rural and vegetatreas (other than forest) as identified by Teéeh's
1999 imagery classifications. Consequently, séwtaases from the output of the 1999 and 2010
imagery classification process were replaced witaggregated version of the CDL 2010 dataset. As
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mentioned in the 3rd factor above, aerial imagéagsification efforts were unable to decipher afas
developed open space from areas under pasturdégraiss row crop land covers, resulting in what is
often called “errors of commission”. Through spbecks performed over the entire watershed it was
deemed more accurate to consider these areasseifigld aerial imagery only as developed, openespac
within municipal boundaries. Therefore, to furthefine the model LULC inputs areas classified as
Pasture/Grassland or Row Crops within municipaloawies (using both existing and circa 1999
boundaries) were converted to Developed, Open Space

2.4.2.4 Supplemental Impervious Surface Data Incorporation

To increase accuracy of the model LULC inputs arfzsequent load allocation assignments, the North
Carolina Department of Transportation (NCDOT) pded a geodatabase (via a consultant) that
contained polygon shapefiles representing four mdif C classes for both the 2001 and 2012 time
periods for DOT-maintained roads:

* Impervious Road Surfaces

* Road Right-of-Way Areas (Pervious)
* Non-road Impervious Surfaces

* Non-road Pervious Surfaces

Street centerlines were also provided by the digwlington which covered all of Alamance County.
Road centerlines and right-of-ways (polygons) wadse provided by the City of Durham, covering dll o
Durham County.

Aside from the aforementioned transportation-speaifpervious surfaces, data were obtained from
multiple sources (municipalities, counties, uniitegs) for Guilford, Alamance, Orange, Durham,
Chatham, and Wake counties, and in Forsyth Couaty the City of Kernersville. Only NCDOT
impervious data was provided for those areas oitdtershed within Randolph, Caswell, and
Rockingham counties (Figure 2-8). For all othexaar non-DOT impervious surfaces are identified as
part of the aforementioned imagery classification.

Because various areas of 1999 imagery were migidaksas impervious or water, some areas of th@199
land cover classification were reclassified basgdgithe smoothed 2010 imagery classification dstpu
First, if land cover was impervious in 1999, but mapervious in 2010, the 1999 land cover was
converted to the 2010 land cover type. Similaflignd cover was water in 1999, but not in 20h@rt

the 1999 land cover value was converted to the 2drid) cover type.
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Figure 2-8. Impervious Surface Data Obtained for th e Existing Scenario and Imagery
Classification

To further improve model accuracy and subsequextt édlocations two steps were taken to better
represent impervious surfaces throughout the wadrsFirst, NCDOT roadways were delineated into
three categories; primary road-impervious, secondzd-impervious, and right-of-way pervious.
Primary road-impervious included all roadways exdepState Routes, which were considered
secondary road-impervious land cover.

Second, impervious surfaces other than NCDOT pyraad secondary roads were classified into one of
two land cover types: high intensity imperviousfaoe or low intensity impervious surface.
Demarcations into one of these two land cover types based on a Neighborhood Statistics approach
where all impervious grid cells (as determined Bvpus GIS steps) with more than 20% of its
“Surrounding Area” also classified as impervioudace were re-classified as High-Intensity Impengio
(“Surrounding Area” is defined as a square extdttt dimensions 100m x 100m that is centered on the
impervious cell currently being analyzed). All ethmpervious surfaces in the watershed (i.e., leiis
than <20% impervious surfaces in its “Surroundinga&) were classified as Low Intensity Impervious.

Direct interpretation of aerial imagery has thedmcy to under-estimate impervious surfaces wharke s
surfaces are hidden by over-hanging tree canoppsetjuent to completion of the model, the City of
Durham provided new information on impervious scefarea generated from 1999 planimetric data
suggesting that there could be a significant umsdéimation of imperviousness in the interpretatbthe
1999 imagery. The implications of this issue ar@ated in detail in Appendix C. Because hydrglog
was calibrated to the later time period and thehBor impervious cover for 2010 was burned in, any
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revisions to the 1999 imperviousness have no effechodel calibration in this area. Further, model
predictions of flow and load for the baseline péneould change by at most a few percentage poiitts w
the revised impervious coverage. Planimetric imijogis coverage for 1999 similar to that provided by
Durham is not available for most other jurisdicgan the watershed, and results for Durham mayaot
applicable elsewhere (due, for instance, to Durléane’e protection ordinance). It also proved to be
infeasible to identify the extent to which runafbin existing developed areas is routed to stormwate
BMPs and thus disconnected from direct runoff ®ngtream network (see discussion in Section 2.4.6).

Given the many uncertainties associated with impes/surface area determination, the watershed Imode
was constructed without any correction for conngcte“effective” impervious area. Converting total
impervious area to effective impervious area is@mmended practice for evaluation of storm events
and storm event loads in hydraulic modeling; howethe ideal approach is less clear for continuous
simulation and estimation of total pollutant loadisimpervious areas are removed due to discoimrect
then they must be replaced by an equivalent arparefous surfaces to maintain mass balance. This
improves estimation of storm event quickflow resggrhowever, it is physically incorrect to attribdihe
infiltration and evapotranspiration capacity of\peus land to these disconnected impervious susface
which, when they drain to pervious land, can owdlthe available infiltration capacity. Further,
pervious and impervious surfaces have differertutait load generation characteristics. While
correcting for connected impervious area is th@wgdtapproach for storm event hydrograph prediction
is not the best approach for long-term load estonatGiven time and funding constraints it wasided
to calibrate the model without an effective impens area adjustment. This potentially allows
jurisdictions to take credit for existing or futurepervious disconnection where it can be docuneknte
using methods discussed in Section 5.3.

2.4.2.5 Land Use and Land Cover Dataset Summaries

The final model land use products can be viewddbnlar format in Table 2-7, and spatially in Figur
2-9 and Figure 2-10.

Table 2-7. Model Land Use and Land Cover (LULC) Inp  ut Comparisons

Model Area (square miles) Change in Area
Iélélc_ig Model LULC Description 1999 2010 (ic?ggréonfi?:sg Percent Change
11 Water 48 53 5 10%
12 Impervious 65 135 70 107%
13 Developed, Open Space 148 184 36 24%
14 Row Crops 159 141 -18 -11%
15 Pasture/Grassland 199 172 -27 -14%
16 Scrub/Shrub 5.7 6.7 1.0 17%
17 Forest 1,057 991 -66 -6%
18 Wetland 3.6 2.9 -0.7 -20%

TETRATECH
29



Jordan Watershed Model

July 2014

HCOUNTY2

Leaend

D County Boundary
D Jordan Lake Watershed
Model LULC (1999)

- Water

- Impervious Surface
|:] Developed, Open Space
- Row Crop

:l Pasture/Hay

[ scrubrshrub

- Forest

[ Wetiand

Jordan Lake Watershed

NAD_1983_StatePlane_North_Carolina_FIPS_3200
Map produced 02-11-2013 - P. Cada

@ TETRA TECH
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The distribution of land uses by watershed assesdsamit and for the entire watershed in 1999 isagho
in Table 2-8 and Figure 2-11. The distribution26r.0 is shown in Table 2-9 and Figure 2-12.

Table 2-8. 1999 Land Use Distribution (acres) by Wa tershed Assessment Unit

Land Cover Class Haw River Lower New Hope Upper New Hope | Entire Watershed
Impervious 29,213 1,612 10,840 41,665
Developed, Open Space 72,193 3,976 18,527 94,696
Row Crops 97,381 1,294 2,908 101,583
Pasture/Grassland 113,760 5,973 7,577 127,311
Scrub/Shrub 3,159 168 327 3,653
Forest 526,600 48,851 100,962 676,413
Wetland 197 497 1,596 2,289
Water 16,668 9,486 4,739 30,893
Total 859,169 71,857 147,476 1,078,503

Entire Watershed Scrub/shrub, Upper New Hope
Scrub/Shrub, 0.2%
— 0.3% Pasture/
asture/ ,
Grassland, Gra:szl;nd T
11.8%
Row Crops,/\ Forest, 69.3%
Row Crops, 2.0%
9.5%
Developed,
Developed, Open Space,
Open Space, 12.8%

8.9%

Impervious, Impervious,
8.1%

4.5%
Water, 2.2%

Water, 1.3%.
0.2% 1.1%

Haw River Lower New Hope
Scrub/Shrub,
0.3%

Scrub/Shrub,
0.4%

Pasture/
Grassland,
13.1%

T Pasture/

Grassland,
9.4%

Row Crops,
11.3%

Row Crops,
2.1%

Developed,
Developed, Open Space,
Open Space, 6.3%

8.4% .
Impervious,

2.8%

Water, 2.4% Water, 1.0%

Figure 2-11.  Summary of 1999 Land Use Distribution by Watershed Assessment Unit
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Table 2-9. 2010 Land Use Distribution (acres) by Wa

tershed Assessment Unit

Pasture/ 0.4%

Grassland,
10.3%

Row Crops,
8.4%

Developed,

Open Space,
11.0%
Impervious,
8.6%
Water, 2.3%
0.2%
Scrub/Shrub, Haw River
0.4%
Pasture/

Grassland, ____————

Land Cover Class Haw River Lower New Hope Upper New Hope | Entire Watershed
Impervious 62,424 3,716 20,291 86,431
Developed, Open Space 93,049 5,161 19,650 117,859
Row Crops 86,175 1,164 2,681 90,019
Pasture/Grassland 98,756 4,929 6,402 110,087
Scrub/Shrub 3,681 195 409 4,285
Forest 495,906 46,406 91,794 634,106
Wetland 207 581 1,052 1,840
Water 18,989 9,710 5,206 33,905
Total 859,185 71,861 147,485 1,078,531

. Scrub/Shrub,
eru/Shru, Entire Watershed - 0.3% Upper New Hope

Grassland,
4.4%

Row Crops,

1.9% /
Developed,

Open Space,

Forest, 63.1%

Scrub/Shrub,
0.3%

Pasture/
Grassland,

7.8% \

Forest, 73.6%

Developed,

Developed, Open Space,
Open Space, 8.2%
10.8%
Impervious,
8% 6.1%
. Water, 2.5% Water, 1.3% 0.9%
Figure 2-12. Summary of 2010 Land Use Distribution by Watershed Assessment Unit
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2.4.3 Soils and Geology

2.4.31 Soils

The county-level Soil Survey Geographic (SSURGQabases were downloaded and used to determine
soil types and conditions for the model. SSURGQ thas not yet been digitized for Caswell County.
For this county the State Soil Geographic (STATS@&p were used to supplement SSURGO and
ensure full model coverage. Both SSURGO and STAD3& available for download directly from the
USDA athttp://datagateway.nrcs.usda.gov/

Two attributes from the SSURGO and STATSGO datametsised directly to build model inputs: the
Hydrologic Soil Group (HSG), which provides an irder infiltration rate, and the USLE “K factor”
which is a relative index of soil erodibility thigtused in the development of upland sediment petens
(Section 3.4.2.1). These two attributes were etchusing the Soil Data Viewer tool for GIS aviiéa
from http://soils.usda.gov/sdvDistribution of HSGs in the watershed is showirigure 2-13.

Legend

Hydrologic Soil Group
D Water/Rock/Impervious
-
B
B c
o
[] STATSGO data used
Select NHDPlus V2 Waterways
B Vajor Waterways

D County Boundary

Jordan Lake Watershed

NAD_1983_StatePlane_North_Carolina_FIPS_3200
Map produced 07-17-2014 - P. Cada

Figure 2-13.  Hydrologic Soil Groups in the Jordan L  ake Watershed

Based on local knowledge of the region and geolagy,the discrepancies between county-scale dataset
(especially between Chatham and adjoining couatiesnd Jordan Lake), the HSGs were combined into
classes based on geology for modeling purposd$S@ classes A + B and C + D in the non-Triassic
Basin area, and 2) HSG classes A + B + C and bBarTtiassic Basin. The purpose of the aggregation
was to simplify the model by reducing the numbedistrete combinations of land cover and HSG to be
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simulated. In the non-Triassic Basin area, sogspaimmarily B or C with some D in localized areas;a
result, A was grouped with B and D was grouped Witlin the Triassic Basin, the soils are primag@ly
or D, so A and B were grouped with C, and D wasgiheded as its own class.

In certain areas the soils databases show the I43@lla These areas generally represent watek, coc
imperviousness within urban areas where the sdillamd use coverages do not match exactly.
Reclassification of land areas with null HSG udealfbllowing assumptions: In both the TriassiciBas
and non-Triassic Basin, areas with null HSGs oweglyindeveloped land uses (row crop,
pasture/grassland, scrub/shrub, forest, and wetlaeck split equally into water and low intensity
impervious land. Developed open space with al8IG assignment in the non-Triassic Basin area was
split into high intensity impervious cover (3 pamnte low intensity impervious cover (7 percent),
developed open space on A + B soils (30 percentyameloped open space on C + D soils (60 percent).
Developed open space with a null HSG assignmethieif riassic Basin area was split into high intgnsi
impervious cover (3 percent), low intensity impens cover (7 percent), developed open space oBA +
+ C soils (45 percent) and developed open spaée swils (45 percent). These assumptions were
determined through visual GIS investigation and pesfessional judgment.

2.4.3.2 Geology

For the Jordan Lake watershed, model geology d#s@ jan important role. It was assumed that the
portion of the watershed located in the TriassisiBamight need different parameterization and
assumptions to properly represent the hydrologyrarident loading in that area. The Triassic Basin
formed in an ancient lake bed and has fine-grasodld, often with shrink-swell clays, underlain tgep
layers of siltstone and mudstone atop coarserdlwsandstone. This differs from the remaindehef t
watershed where depth to bedrock is generally samallacustrine clays largely absent, resulting in
different chemical and groundwater transport prigger The unique soils of the Triassic Basin rieisul
different infiltration, runoff, and soil erosion aracteristics for this region. In general, reduced
infiltration rates, very low baseflow, and elevatrdsion potential is expected in this area comptre
the remainder of the watershed. The Carolina Hateconsists mostly of rocks originally depositad
or near the earth’s surface by volcanic eruptiash sedimentation, and is referred to as the Slalie Be
because low-grade metamorphism has given manyabttks a slaty cleavage. In contrast, the Charlot
Belt is of igneous origin.

In the final model setup, parameters (for a givardiuse and HSG) can be specified separately on a
geographic and geologic basis for four geograptgasi(see Figure 2-14): Charlotte Belt, Upper Slate
Belt, Lower Slate Belt, and Triassic Basin. Thienarry differences are expected to occur between the
Triassic Basin and the remaining three areas. &\thé majority of parameters are varied by HSG and
not further divided by geology, the potential t@siy variations among all four zones was retaiaed
used if different responses were revealed duriagitbdel calibration process.
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Subbasins in the Charlotte Belt, Upper Slate Belt) Lower Slate Belt are distinguished by separate
group identifiers in the model (using DEFID in thnedel input file). HRU numbers can repeat between
these groups (but can have different parameteesassigned at the group level); however, all area
within a subwatershed is assigned to a single ggctownith the exception of areas in the TriassisiBa
To represent the complex boundary between thesici&asin and Lower Slate Belt, Triassic Basin
soils/geology is indicated by assigning a separalige for the HSG code. The codes and description
used to represent both HSGs and geology in the H&ilditions are provided in Table 2-10. Geology is
further differentiated using separate DEFID groups.

Table 2-10. HSG and Geology Classification Schema

HSG Code Description
0 Water/Rock/Impervious (non-Triassic)
1 A + B soils (non-Triassic)
2 C + D soils (non-Triassic)
3 Water/Rock/Impervious (Triassic Basin)
4 A + B + C soils in Triassic Basin
5 D soils in Triassic Basin

2.4.4 Upland Specification
2.4.41 Creation of HRUs

Raster files of the soils/geology combination, laisd and the watershed delineation were combined
using the raster calculator in ArcGIS. This alloWer the tabulation of each soil/geology/land use
intersection with each subwatershed in the delioeatThe rasters were developed with a cell sfazzne

m?. The resultant table of data was exported to Exue processed to provide a table of HRU area by
subwatershed. This process was completed forafable land uses (1999 and 2010) that are beind use
for the Jordan Lake watershed model. HRU’s weganized by a 2-digit code for land use (Table 2-7)
plus a 1-digit code for HSG/Geology (Table 2-10).

2.4.4.2 Model Representation: Reduced Modeling Units (RMUs)

Reduced modeling units (RMUs) were created fromigtef developed HRUs to allow some
simplification of the upland model. RMUs condelike land uses into a modeling group which
eliminates the need to repeat a set of parametdtipla times. All combinations of the water lanse
and HSG were reduced into a single Water cate@dirgther pervious land uses retained the HSG
classifications shown in Table 2-10. Table 2-1dvjdes the final list of RMUs for the Jordan Lake
watershed model, which are equivalent to the DEL4JBed in the model input file. The RMUs
combined with DEFID groups provide for efficientrpmeter specification in the calibration model.eTh
final allocation model further subdivides the RMhisassigning a jurisdictional membership tag. Thus
output from the final model can be directly sumrpadi by both land use and entity.
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Table 2-11. Jordan Lake Watershed Model Reduced Mod eling Units (RMUSs)

RMU Description RMU Description
1 Water 16 ScrubShrubHSG4
2 DevOpenSpaceHSG1 17 ScrubShrubHSG5
3 DevOpenSpaceHSG2 18 ForestHSG1
4 DevOpenSpaceHSG4 19 ForestHSG2
5 DevOpenSpaceHSG5 20 ForestHSG4
6 RowCropHSG1 21 ForestHSG5
7 RowCropHSG2 22 WetlandHSG1
8 RowCropHSG4 23 WetlandHSG2
9 RowCropHSG5 24 WetlandHSG4
10 PastGrassHSG1 25 WetlandHSG5
11 PastGrassHSG2 26 NCDOT Primary Road Impervious
12 PastGrassHSG4 27 NCDOT Secondary Road Impervious
13 PastGrassHSG5 28 High Intensity Impervious
14 ScrubShrubHSG1 29 Low Intensity Impervious
15 ScrubShrubHSG2

Along with the land use composition, the slope tar{gSUR) and slope (SLSUR) of the overland flow
plane need to be supplied for each RMU, by subwhéet, in the model. For the Jordan Lake watershed,
which has only moderate topographic relief, simglgresentative values were assigned for each lsed u
category using best professional judgment (Takl@)2- This approach was used to maintain consigtenc
between the set of calibration RMUs (HSG/geologndlase) and the set of allocation/tabulation RMUs
(HSG/geology/land use/entity).

The mean land elevation (MELEV) and mean reachagiew (RMELEV) also need to be supplied for the
temperature lapse rate adjustments. MELEV camupplied for each RMU by subwatershed. Due to
having the two sets of HRU's for calibration anbutation, the MELEV value was supplied by
determining the average elevation of each subwadrsRMELEYV is specified by reach segment and
was determined by averaging the upstream and doramstelevations.
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Table 2-12. Length and Slope of the Overland Flow P lane for Each RMU
RMU (DELUID) Description Slope (SLSUR) S'(OL%TJ'I'QG;”(%h
1 Water 0.000001 1,000,000
2 DevOpenSpaceHSG1 0.05 75
3 DevOpenSpaceHSG2 0.05 75
4 DevOpenSpaceHSG4 0.05 75
5 DevOpenSpaceHSG5 0.05 75
6 RowCropHSG1 0.05 150
7 RowCropHSG2 0.05 150
8 RowCropHSG4 0.05 150
9 RowCropHSG5 0.05 150
10 PastGrassHSG1 0.05 150
11 PastGrassHSG2 0.05 150
12 PastGrassHSG4 0.05 150
13 PastGrassHSG5 0.05 150
14 ScrubShrubHSG1 0.05 150
15 ScrubShrubHSG2 0.05 150
16 ScrubShrubHSG4 0.05 150
17 ScrubShrubHSG5 0.05 150
18 ForestHSG1 0.05 150
19 ForestHSG2 0.05 150
20 ForestHSG4 0.05 150
21 ForestHSG5 0.05 150
22 WetlandHSG1 0.05 150
23 WetlandHSG2 0.05 150
24 WetlandHSG4 0.05 150
25 WetlandHSG5 0.05 150
26 NCDOT Primary Road Impervious 0.05 50
27 NCDOT Secondary Road Impervious 0.05 50
28 High Intensity Impervious 0.05 50
29 Low Intensity Impervious 0.05 50
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2.4.5 Representation of Land Use Change over Time

To efficiently simulate two time periods of landeus the LSPC watershed model, a component called
time-variable land use is utilized. Time-varialzled use allows the LSPC model to switch from @mel|
use snapshot (i.e. the baseline 1999 snapshatptbex (i.e. the current 2010 snapshot) basedusela
defined time interval. The time interval of theitl can be sharp or gradual over a prolonged gerio
time and land use at any given point during thengbas dependent on the time and a linear regessio
between the two land use shapshots. The représenitathe Jordan Lake watershed model uses gshar
change from the 1999 land use to the 2010 lan@sganuary 1, 2002. This date was selected bedause
is immediately after the baseline modeling per@@d(l) and provides a long length of time for thedaio

to come back into equilibrium before the curreniqukfor which loads will be estimated to compare
against the baseline period.

After time-varying land use was configured in thedal, a basic test of functionality was conducted.
First, the model with the time-varying land use \wasameterized with a basic set of default pararsete
and setup to run from January 1, 1996 through Dbeef, 2012. Then this model was used to create
two additional models. Each of these models ugbdrehe 1999 land use or the 2010 land use for th
entire simulation period. The simulated outputsrfithe three models were compared to verify theat th
time-variable land use representation was funatigpiroperly.

2.4.6 Representation of BMPs

Stormwater BMPs installed after the baseline pefiooh 2001 to present have mitigated some of the
increased load associated with new developmenerelis a strong interest in providing credit fog th
impacts of such BMPs; however, Tetra Tech’s scagadt include development of an inventory of
individual BMPs, which are typically installed &etparcel or individual development scale. In the
original scope, it was assumed that the model wimaldrporate existing stormwater BMPs to the extent
that information is provided by jurisdictions. Alirisdictions in the watershed were queried ab¢o
availability of data to characterize BMPs, but oalgmall amount of usable information was obtained.

Tetra Tech met with the NSAB Model Subcommitteelanuary 16, 2013 to review progress on the
Jordan watershed model development. A large panieameeting discussion centered on how to handle
representation of stormwater best management peadBMPs) in the LSPC model. A significant
challenge for the team was that very little infotimia has been provided to date regarding existiniPB
and obtaining that needed information would reqaisggnificant effort outside of the project’s
contracted scope and budget.

Discussion with the NSAB Model Subcommittee ledh® following general points (Clements and
Butcher, 2013):

1) Given that prior to the baseline period the ontgrsg driver for water quality BMPs was the
Water Supply Watershed Protection regulations,thatthese applied to only a portion of the
watershed and most ordinances impacting BMP iasiaifi were not effective until the mid-
1990s, the group surmised that relatively few BMIese influencing water quality in 2001.

2) Even with sufficient effort to work with local gorements to obtain best available information,
details needed for accurate representation (eMP, Brainage area) will often not be available.
Therefore, it is expected that such a process woatldapture all BMPs, and that the overall
level of accuracy in BMP performance representationld be in question.

3) From a post-modeling regulatory program standpaictuding partial and inaccurate BMP
representation could make it more difficult in mgimg credits down the road: (a) having to track
which BMPs are in the model and which are noth@d)dling situations where model
assumptions end up being significantly inaccurdtemcompared to actual BMP data.
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Thus, there appeared to be multiple benefits frobrtnying to include the BMPs in the LSPC model.
However, after the discussion, the question rendaivigether there would be significant influence of
BMPs on water quality conditions such that it wolaghact model calibration negatively by not inclugli
them.

Tetra Tech conducted additional analysis to addtessjuestion. The first step was to examine the
extent of water supply watershed (WSW) protectieaan the overall Jordan lake watershed, alonly wit
assumption that significant WSW protection areabigve water supply reservoirs other than Jordae Lak
Figure 2-15 displays the water supply critical (ewg) and protected (green) areas. Where thescolor
are hatched, the areas are above other reseresiidels Jordan. GIS analysis revealed that 60 peote
the WSW protection area and 45 percent of the W8ii¢al area in the entire Jordan watershed is abov
reservoirs other than Jordan Lake. Combined theseunt for approximately 58 percent of all
designated protected or critical area in the whtsts

Next, to examine the potential impact of excludstgrmwater BMPs in the model configuration, Tetra
Tech examined BMPs constructed in the Greensbaoistdjation. The City staff provided information on
BMP location, type, and year built. Figure 2-16pi#ays the findings, showing a total of 878 cortrd
BMPs (688 within WSW protection areas, 190 outsifithe WSW areas). The BMPs with the red circle
surrounding them have been confirmed as beingaicepprior to 2001 (there are likely more in the WSW
areas, but that could not be confirmed without merably more effort by the City). Note that these
only 1 BMP outside of the water supply watershéds was built before 2001. For those BMPs
confirmed as built in the water supply watershesfeite 2001, the majority are located above Lake
Higgins, which then drains into Lake Brandt, whibkn drains into Lake Townsend.

The Greensboro BMP analysis lent confidence theatibdel would not be negatively impacted by not
including the BMPs in the model. With only one BM#&t of 190 outside of the WSW protection areas
having been in place before 2001, model calibréelow the water supply reservoirs for the baseline
period would not be significantly impacted by oectsion. Additionally, the sheer size and comgiexi
of the Greensboro BMP database demonstrates howortiamp it will be to accurately assign credits to
BMPs. In general, the details for the BMP credgjtapproach as well as a much more complete BMP
data set are needed before BMPs can be accurdtigssed in the model.

It was concluded that the State and stakeholdeutdiae best served by applying and calibrating the
LSPC watershed model to baseline conditions withmatiding BMPs explicitly. Interested entities
could then use approved accounting methods (seassi®n in Section 5.3) to estimate total redustion
for installed BMPs (or other forms of impervioussiessconnection) and subtract that from the model
predictions to compare with observed loads wheta aig available.
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WATER SUPPLY WATERSHED AREAS (acres
Above-Reservoir Critical Areas (includes lake areas) -- 36,167 (45%)
Above-Reservoir Protected Areas -- 262,322 (60%)

Watershed Total Critical Areas (includes lake areas) -- 80.808
Watershed Total Protected Areas -- 438,179

Watershed Total Area - 1,079,019
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Figure 2-15.  Water Supply Critical and Protected Ar  eas within the Jordan Lake Watershed
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Figure 2-16.  Stormwater BMPs Constructed within Gre  ensboro Jurisdictional Limits
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2.5 METEOROLOGICAL DATA
2.5.1 Weather Data

Meteorological (weather) time series data are byetie LSPC model to drive the simulation of
hydrology and the water balance. This sectionritess the selection and processing of meteorolbgica
data for the model.

2.5.1.1 Data Sources

Primary data sources included National ClimaticaDaénter (NCDC) Summary of the Day (SOD)
stations, Hourly Precipitation Dataset (HPD) staticand Surface Airways (SA) stations. NC ECONet
data were also reviewed, but the monitored perfodanrd began in 2005 and did not cover the needed
period of model simulation. GIS spatial coveragd’all NCDC station types were reviewed and all
stations within and in close proximity to the Jaordaake watershed were considered for utilization in
developing the atmospheric forcing files.

Weather time series almost always have gaps anegajgd observations. In addition, the model
requires hourly data, but only a limited numbehofirly stations are available, so daily data apécbfly
disaggregated to an hourly scale to provide bsfiatial coverage. A weather processing tool d@eslo
by Tetra Tech called MetADAPT was used to carryret and post-processing of the obtained data,
create model input files, and provide statisticahmaries for QA/QC purposes.

Raw SOD station data were obtained using a Tetch reernal utility tool called GHCN-D. This tool
obtains and pre-preprocesses data from the NCDCsk& hto a format ready for MetADAPT. The data
associated with SOD stations are typically dailpfed!, daily minimum air temperature, and daily
maximum air temperature. Initially, a total of 8®D stations were considered for use in the wedither
development. Twenty of those stations were exdumesed on the percentage of impaired records and
time period of the observed data. The remainin§@® stations were used for the weather processing
for the Jordan Lake watershed (Table 2-13 and Eigtlt7). Ten of the SOD station data sets were
chosen for development into model input files {§.aind considered core stations. The selectidheof

ten core stations was based on spatial coveragedpd observed records, and stations havingdiest
level of impairment in the observed records. Tdmaaining 13 SOD stations were used as index sgation
to patch the impaired records of the core statidrable 2-13 identifies weather station type asra or

an index station.
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Table 2-13. SOD Stations used for Precipitation Tim e Series in the Jordan Watershed
Sta. n 8 8 8 n Period of
No. Station ID Station Name County Elevation (ft) Latitude | Longitude | Type Record
7/1/1993-
1 310212 APEX WAKE 450 35.7436 -78.8372 Core 1/1/2013
2/1/1926-
2 310286 ASHEBORO 2 W RANDOLPH 870 35.7044 -79.8378 | Index | 12/26/2012
2/1/1956-
3 311285 BUTNER FILTER PLANT GRANVILLE 355 36.1414 -78.7736 | Index | 10/31/2012
8/1/1948-
4 311515 CARTHAGE WATER TR PLT MOORE 440 35.3314 -79.4078 | Index | 11/30/2012
7/1/2000-
5 311535 CARY WAKE 390 35.7192 -78.7878 | Index | 1/1/2013
1/1/1900-
6 311677 CHAPEL HILL2 W ORANGE 500 35.9086 -79.0794 Core | 12/31/2012
10/21/1946-
7 312238 DANBURY 5 SE STOKES 760 36.3950 -80.1422 | Index | 12/31/2012
9/1/1962-
8 312500 DUNN 4 NW HARNETT 200 35.3247 -78.6881 | Index | 12/26/2012
3/1/1900-
9 312515 DURHAM DURHAM 400 36.0425 -78.9625 Core | 12/31/2012
10/1/1969-
10 312631 EDEN ROCKINGHAM 678 36.4742 -79.7433 | Index | 1/1/2013
5/1/1964-
11 313168 FORT BRAGG WATER PLANT | CUMBERLAND 160 35.1778 -79.0239 | Index | 3/31/2010
7/1/1902-
12 313555 GRAHAM 2 ENE ALAMANCE 660 36.0503 -79.3728 Core 1/1/2013
11/1/1928-
13 313630 GREENSBORO WSO AIRPORT GUILFORD 897 36.0975 -79.9436 Core | 12/31/2012
11/1/2001-
14 313919 HAW RIVER 1 E ALAMANCE 656 36.0972 -79.3972 Core 1/1/2013
7/1/1921-
15 314063 HIGH POINT GUILFORD 900 35.9672 -79.9722 | Index | 11/30/2012
5/18/1944-
16 317069 RALEIGH DURHAM WSFO AP WAKE 416 35.8706 -78.7864 Core | 12/31/2012
1/1/1921-
17 317074 RALEIGH 4 SW WAKE 420 35.7283 -78.6844 | Index | 6/1/2010
1/15/1900-
18 317079 RALEIGH STATE UNIV WAKE 400 35.7944 -78.6989 | Index | 11/30/2012
1/4/1905-
19 317097 RANDLEMAN RANDOLPH 810 35.8222 -79.7917 | Index | 12/30/2012
2/1/1962-
20 317202 REIDSVILLE 2 NW ROCKINGHAM 890 36.3825 -79.6947 Core | 12/21/2012
11/1/1972-
21 317656 SANFORD 8 NE LEE 262 35.5347 -79.0464 Core | 11/30/2012
7/1/1916-
22 317924 SILER CITY 2 N CHATHAM 610 35.7606 -79.4622 Core 1/1/2013
12/1/1996-
23 319704 YANCEYVILLE 4 SE CASWELL 655 36.3783 -79.2544 | Index | 1/1/2013
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A National Climate Data Center Web subscription weed to obtain SA data for four airport statioms i
the watershed. SA stations typically have houdlpgs of precipitation, air temperature, wind speed
dew point, cloud cover, and relative humidity. T3 stations used for the Jordan Lake watershed are
provided in Table 2-14 and Figure 2-17. To enhdheecoverage of hourly precipitation data, HPDadat
were obtained from Earthinfo CD sets, which provigether data from the NCDC. The HPD stations
used for the Jordan Lake watershed are provid@alohe 2-15 and Figure 2-17. Data in the CD sets wa
only available through 2010 for three stations g#ammdugh 2006 for one station.

It is Tetra Tech’s experience that the SOD statiaity precipitation totals provide more reliable
estimates ofotal rainfall than do automated hourly or sub-hourhtmoes, which tend to underestimate
low-intensity precipitation; therefore data from &Ad HPD stations were used only for disaggregating
daily totals. The process of disaggregation diatgs the daily total to the hourly increments eeeidr
model input based on the observed hourly patt®efer to Table 2-16 for a reference as to which HPD
station was used to disaggregate which SOD station.

Table 2-14. List of Surface Airways Stations

Sta. | Station . . . . Period of
No. D Station Name County Elevation (ft) Latitude | Longitude Record
01/01/1997 -
1 13722 Raleigh Durham International AP Wake 426 35.8710 -78.7860 12/31/2012
01/01/1997 -

Greensboro Piedmont Triad .
2 13723 International Airport Guilford 980 36.0980 -79.9440 12/31/2012

07/01/1998 -
3 93783 Burlington Alamance Rgl AP Alamance 646 36.0470 -79.4770 12/31/2012
07/14/1999 -
4 93785 Horace Williams Airport Orange 538 35.9330 -79.0640 12/31/2012
Table 2-15. List of Hourly Precipitation Stations
i‘tg‘: Station 1D Station Name County Elevation (ft) Latitude Longitude Psgggrgf
1 NC1241 Burlington 3 NNE Alamance 640 36.1278 -79.4069 162//12/71/9;516
2 NC3232 Franklinton Franklin 375 36.1050 -78.4592 gggggge
3 NC3630 Greensboro WSO Airport Guilford 897 36.0975 -79.9436 162/72/61/92451;)
4 NC7069 Raleigh Durham WSFO AP Wake 416 35.8706 -78.7864 162//12/2/9;:10
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Figure 2-17. Atmospheric Monitoring Stations Select  ed for Model Development

2.5.1.2 Weather Data Processing

Impaired (missing or aggregated) precipitation réds@f the core SOD stations were filled using
neighboring index stations (Table 2-16) using themal ratio method (Dunne and Leopold, 1978). Data
patching and disaggregation for each core SODostatere performed using data from the stationdiste
in the Station 1 column; if that station had a gagemporal coverage for some time period, theti@ta

2 was used, then Station 3. SA and HPD statioms wsed only for disaggregation of daily totalthat
core SOD stations. QA/QC on patched precipitadiata was carried out by comparing monthly totals,
annual totals, and seasonal variation. The pramfgsatching, disaggregation and QA/QC was carried
out iteratively by revising the flagging (periodsimpairment) and re-patching the data.

Monthly precipitation totals were reviewed to idgnperiods of low rainfall and high rainfall amotsrin
a side-by-side comparison of station precipitatmals. Annual totals were evaluated as anothetd@C
to assess annual magnitudes before and after pgtohthe core SOD stations.
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Table 2-16. Precipitation patching assignments for

daily totals and disaggregation

Cqesop | IndexSoD | ndexsop | inderSOD | {phSL | ipDiA | hpDioa
Station 1 Station 2 Station 3

310212 311535 317074 317069 NC7069 13722_uo

311677 317079 317069 311285 NC7069 93785_uo

312515 317079 317069 311285 NC3232 NC7069 93785 _uo

313555 313919 319704 311677 NC1241 93783_uo 93785 _uo

313630 314063 317097 317202 NC3630 13723 _uo

313919 313555 319704 311677 NC1241 93783 _uo 93785 _uo

317069 311285 317079 317074 NC7069 NC3232 13722_uo

317202 312631 312238 319704 NC3630 13723 _uo 93783 _uo

317656 313168 312500 311515 NC7069 13722_uo

317924 317097 313555 310286 NC1241 93783 _uo

Note: uo means unedited observation and is used directly from the quality assured data source

SA stations 13722 (Raleigh-Durham Airport) and 13{@reensboro Airport) were used for calculating
potential evapotranspiration and solar radiatiosh fan assigning hourly temperature, dew point, wind
speed and cloud cover. SOD stations generally daig minimum and maximum temperatures and
therefore need to be disaggregated to an hourl-sitep. As temperature variability across the
watershed is low, actual hourly observations frofsgtions were used to assign the hourly tempegatu
for model input. Evapotranspiration was estimatsidg the Hamon (1961) method. The Hamon method
was selected because, in the humid southeasm#iisod of calculating evapotranspiration perfornedl w
compared to energy balance methods, such as tmesiRedonteith method, that depend on multiple
uncertain datasets (Lu et al., 2005). Solar ramhatas calculated using the CE-QUAL-W2 method.

SA stations 93783 (Burlington) and 93785 (Chapd) Miere not used for temperature or PET
calculation because quality review identified antmaa outliers in the air temperature and dew point
temperature time series when compared to the Reseid Greensboro airport data. Weather stations in
the northeast part of the watershed were assignseheed and calculated weather constituents (other
than for precipitation) from Greensboro Airport {23) and stations in the southwest were assigned
observed and calculated weather constituents fraleigh-Durham’s (13722). Table 2-17 summarizes
the assignments of the processed data for the noédgral input files developed for Jordan waterdshe
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Table 2-17. LSPC *.air file Constituent Assignments
L ozl Air . Solar .
Precipitation Eva.pot.ran- Temperature Wind Radiation Dew Point Cloud Cover
spiration
310212 13722_uoh 13722_uo 13722_uo 13722_uo 13722_uo 13722_uo
311677 13722_uoh 13722_uo 13722_uo 13722_uo 13722_uo 13722_uo
312515 13722_uoh 13722_uo 13722_uo 13722_uo 13722_uo 13722_uo
313555 13723_uoh 13723_uo 13723_uo 13723_uo 13723_uo 13723_uo
313630 13723_uoh 13723_uo 13723_uo 13723_uo 13723_uo 13723_uo
313919 13723_uoh 13723_uo 13723_uo 13723_uo 13723_uo 13723_uo
317069 13722_uoh 13722_uo 13722_uo 13722_uo 13722_uo 13722_uo
317202 13723_uoh 13723_uo 13723_uo 13723_uo 13723_uo 13723_uo
317656 13722_uoh 13722_uo 13722_uo 13722_uo 13722_uo 13722_uo
317924 13723_uoh 13723_uo 13723_uo 13723_uo 13723_uo 13723_uo

Note: _uo means unedited observation and is used directly from the quality assured data source;
_uoh means unedited observation with Hamon calculation

Ten weather (AIR) files were developed for the dordake watershed for the entire calibration and
corroboration period (Table 2-18). Each file po®s hourly values of precipitation, air temperatdeav
point temperature, wind speed, cloud cover, evdjgorsand solar radiation. Air files were assighed
subwatersheds based on a Thiessen polygon andelashtershed was assigned only one AIR file.
Figure 2-18 shows the AIR file locations, the This polygon and the subwatershed AIR file
assignments.

Table 2-18. Weather Files used for the Jordan Water shed Model
Sta. No. | Station ID Station Name County Latitude | Longitude E?;r\?:tliiﬂo(?t)
1 313630 | GREENSBORO WSO AIRPORT GUILFORD 36.0975 | -79.9436 897
2 317202 REIDSVILLE 2 NW ROCKINGHAM | 36.3825 | -79.6947 897
3 313919 HAW RIVER 1 E ALAMANCE 36.0972 | -79.3972 897
4 313555 GRAHAM 2 ENE ALAMANCE 36.0503 | -79.3728 897
5 317924 SILER CITY 2N CHATHAM 35.7606 | -79.4622 897
6 311677 CHAPEL HILL 2 W ORANGE 35.9086 | -79.0794 416
7 312515 DURHAM DURHAM 36.0425 | -78.9625 416
8 317069 RALEIGH DURHAM WSFO AP WAKE 35.8706 | -78.7864 416
9 310212 APEX WAKE 35.7436 | -78.8372 416
10 317656 SANFORD 8 NE LEE 35.5347 | -79.0464 416
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Figure 2-18.  Meteorological Station Assignments

2.5.2 Atmospheric Deposition

Atmospheric deposition is an important source afllog of nitrogen to waterbodies and watersheds.
LSPC specifies wet deposition of pollutants as eatrations, which are applied to precipitationifel
on the land and streams/water bodies. Individuaitiiy values are used to represent seasonal
variability. Dry deposition is also incorporatedliSPC, and is represented as a mass flux to aoth |
surfaces and directly to streams/water bodiesivithaal monthly values are also used for dry defpsi
rates. The LSPC model does not have the abilisimwilate year-to-year variation in atmospheric
deposition except insofar as this depends on clsang&ecipitation volume.

2.5.2.1 Nitrogen Wet Deposition

Wet deposition occurs primarily as ammonium ¢Ykand nitrate (N@/ HNOs) ions and has been
monitored throughout the country by the Nationadrits Network (NTN) of the National Acid

Deposition Program (NADP). The active NTN sitesselst to the Jordan Lake Watershed are NC41
(located at Finley Farms on the North CarolinaeStaniversity campus) and NC34 (located at the
Piedmont Research Station in Rowan County). ERAéan Air Status and Trends (CASTNET) provides
interpolated estimates of average annual wet déposioncentration and load based on NTN results at
their dry deposition monitoring locations. Thesdet active CASTNET sites to the Jordan Lake
Watershed are Prince Edward in Virginia (PED10&) @andor in Montgomery County, NC (CND125).
The station locations are shown in Figure 2-19.
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In monitoring since 1979 at the NTN stations (NARB13) and as interpolated at the CASTNET
stations beginning in 1989 (CASTNET, 2013), wet@gpheric deposition concentration of NEs N
typically varies between 0.15 — 0.35 mg/L, withahear trend over time (Figure 2-20). On the other
hand, N@-N concentrations appear to be decreasing beginniagout 2000 (Figure 2-21) from about
0.25 mg/L to 0.15 mg/L, consistent with nationdbds to control oxidized nitrogen emissions frooak
fired power plants. However, total inorganic nifem wet deposition loads have been relatively stabl

(Figure 2-22), and range from 2.6 to 8.1 kg/ha/yr.
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Figure 2-19. NADP NTN and EPA CASTNET Monitoring St ations near Jordan Lake Watershed
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NADP NTN - Ammonia Wet Deposition Concentration
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Figure 2-20. NADP NTN Precipitation-Weighted Annual Average Conc  entration of Ammonia as N

NADP NTN - Nitrate Wet Deposition Concentration
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Figure 2-21. NADP NTN Precipitation-Weighted Annual Average Conc  entration of Nitrate as N
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NADP NTN - Total Nitrogen Wet Deposition Loading Rate

NC34 e===NC4l e===CND125 e=—PED108

kg-N/ha/yr

6461

1861 +
€86T -
G861 -
L86T +
6861 -
T66T +
€661 -
S66T +
L66T -
666T -
T00¢ ~
€00¢ -
S00¢ +
£L00C ~
600¢ -
T10C -

Figure 2-22. NADP NTN Precipitation-Weighted Annual  Average Total Inorganic N Loading Rate

NTN results do suggest significant spatial variggbih N wet deposition across the watershed (Fegur
2-23), so inference from a single monitoring statisay not accurately reflect wet deposition
concentrations across the entire watershed. Tadaapatial interpolation of the data Tetra Teslred

on EPA’s Atmospheric Deposition Todit{p://www.epa.gov/AMD/Tools/wdt.htmSchwede et al.,
2009), which summarizes the Community Multi-Scaie@uality (CMAQ) Model v. 4.7 (Appel et al.,
2007) output of inorganic nitrogen deposition. Toe provides area-weighted summaries of CMAQ
output across a user-defined watershed, while tidenlying CMAQ model is calibrated to the NTN
observations. The Atmospheric Deposition Tool aors CMAQ output for 2002-2008. Summarization
over this period is appropriate as it represergstntral tendency of NN wet deposition
concentrations over the period of model application
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Inorganic nitrogen wet deposition from nitrate
and ammonium, 2011

Total N
(kg/ha)
-sU.S
o5 -1
[1-1s
[1s-2
[ 2-25
[ 2s-3
[a-3s
Bl ss-4
-5
s

National Atmospheric Deposition Program/National Trends N etwork
http: #inadp.isws.illinois.edu

Figure 2-23. 2011 NTN Isopleths of Total Wet Deposi tion of N

Averages by month were calculated for N¥Mand NQ-N using the Atmospheric Deposition Tool.
Table 2-19 and Figure 2-24 provide the atmospheeicdeposition values being utilized.

Table 2-19. Atmospheric Wet Deposition by Constitue  nt and Month for Model Input

Constituent Jan Feb Mar Apr May | Jun Jul Aug | Sept | Oct Nov | Dec

NH.-N (mg/L) 0.142|0.186| 0.271| 0.357| 0.455| 0.336| 0.401| 0.315| 0.192| 0.287| 0.103| 0.062

NO3-N (mg/L) 0.309(0.312| 0.335| 0.304| 0.373| 0.208| 0.237| 0.205| 0.132| 0.357| 0.159| 0.188
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Modeled Wet Deposition
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Figure 2-24.  Modeled Wet Deposition Monthly Average ~ Concentrations

2.5.2.2 Nitrogen Dry Deposition

Dry deposition of nitrogen is subject to much geeaincertainty than wet deposition because it is
extremely difficult to directly measure net dry deftion, which reflects trapping on leaves, grouatj
other surfaces balanced by re-emission. EPA’s O¥SIT system monitors agoncentrationsf NH,"”
HNO;s, and NQ, andcalculatesnet dry deposition fluxes using the Multi-Layer té&b (MLM).

Dry deposition seasonal and annual loads of N spdmginning in 1989 were obtained from the
CASTNET website (CASTNET, 2013). MLM output fortinearest active CASTNET stations (Figure
2-19), summed to total inorganic nitrogen deposities N), is shown in Figure 2-25. In contrast to
overall wet deposition, there appears to be a dawtirend over time in dry deposition at both stai
For the most recent years of monitoring where ahvalaes were available (2005-2011) the total dry
atmospheric deposition averaged 1.55 and 1.07 kg/i/ (1.38 and 0.95 Ib/ac/yr) at CND125 and
PED108, respectively, suggesting that dry depasliiely accounts for around one-quarter of thaltot
atmospheric deposition load to the watershed.

TETRATECH
) 2



Jordan Watershed Model July 2014

CASTNET - Total Nitrogen Dry Deposition Loading Rate
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Figure 2-25.  CASTNET Annual Average Inorganic N Loa ding Rate

The CMAQ model also simulates dry deposition flyxasd we evaluated both use of CMAQ output and
CASTNET estimates in the Jordan model. This resalsignificantly higher N dry deposition rates
(about 5.9 Ib/ac/yr from CMAQ versus around 1 [bfaérom CASTNET).

The two methods differ due to difficulties in th&tienation of dry deposition of N, which is subjéat

high uncertainty. It is important to remember tiiret CMAQ and CASTNET estimates are both derived
from models and not directly observed: CASTNET comab observed air concentrations with simulated
deposition velocities generated by the MLM moddijl&ry CMAQ models both N transport and
deposition. Studies conducted in Durham by AMEQ1@) show dry deposition of N at about 0.9

Ib/aclyr, consistent with CASTNET; however, thislso a modeled estimate using the MLM model, not
an independent observation.

There is recognition in the literature that CMAQ+heted dry deposition rates of N are generally highe
than CASTNET estimates. CASTNET omits some N gg=in-ionized ammonia, organic N, un-
ionized nitrogen oxides); however, the big diffarem are in the simulation of the deposition vejooft
the ionized nitrate and ammonium components. Vdilable model-based estimates are rated as

uncertain and Koo et al. (2012) document average @i over 200 percent between different methods of
estimation.

Direct measurement data to resolve this discrepareyare. Zhang et al. (2012) used the Geos_ CHEM
model to estimate N deposition over the U.S. andpared the result to a few available direct eddy
covariance measurements of N deposition. Theyw#asurements at Harvard Forest for 1999-2002 of
5.4 kg/halyr oxidized N and 2003 measurements &eBwrest, near the Jordan watershed, of 4.3
kg/halyr oxidized N (the citation is missing in Zigget al., but the Duke Forest work is in Sparkal et
2008). In comparison, the CMAQ estimate of oxididédeposition in this area for 2002 is about
7.3kg/halyr, while that from CASTNET is around Rgthal/yr. However, net deposition is likely to be
higher on forests than on many other surfacesaieaf uptake. At this point the true spatiallgeged

N dry deposition rates on the watershed are coresidencertain, but likely lie between the CMAQ and
CASTNET estimated rates.
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Sensitivity analyses were undertaken relative ¢odifferent N deposition methods (see Section %1.3.3
During this process it was determined that usb®GMAQ-based estimates of dry deposition led to an
over-estimate of observed inorganic N concentratituring baseflow conditions. Therefore, the
CASTNET-based estimates are used in the final model

As with wet deposition, the LSPC model does noelthe ability to simulate year-to-year variability
dry deposition rates. Monthly average dry depositates were calculated for N and NQ-N using
seasonal estimated deposition fluxes from WY 1997124t stations CND125 and PED108 (Table 2-20
and Figure 2-26). Similar to the monthly pattezersfor wet deposition, seasonal deposition rdtes o
inorganic nitrogen are highest in the spring andreer, and lowest in the fall and winter.

Table 2-20. Atmospheric Dry Rates Deposition by Con  stituent and Season

Constituent Dec — Feb Mar — May Jun — Aug Sep — Nov
NH4-N (Ib/acre/day) 7.40E-04 1.24E-03 1.56E-03 8.78E-04
NOs-N (Ib/acre/day) 2.61E-03 5.05E-03 4.51E-03 3.13E-03

B NH4-N mNO3-N
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Figure 2-26. CASTNET Seasonal Average Inorganic NL oading Rate

2.6 POINT SOURCE DISCHARGES

Discharges of waste to surface waters from wastviaatment plants, industrial facilities, andesth
point sources are regulated under the NationalRwit Discharge Elimination System (NPDES). DWQ
provided to Tetra Tech a provisional list of exigtiand discontinued NPDES permits located in the
Jordan Lake watershed. The provisional list inethd27 records with each record containing the Rerm
Number, Permit Status, Permit Type, Permitted FBasin Name, Facility Name, and Latitude/
Longitude coordinates. Duplicate permit entriesenemoved, resulting in 321 unique permits to
evaluate for inclusion in the model. Tetra Tecther reduced the list by removing permits assediat
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with Single Family Domestic Wastewater Dischargetiieate of Coverage (COC), Non-contact

Cooling, Boiler Blowdown Wastewater Discharge C@Zoundwater Remediation Wastewater
Discharge COC, and Fish Farms Packing and Rinsiagt®Water Discharge COC as it was assumed that
these types of permits would have little to no E@de data, generally would not contribute sigrifit
nutrient loads, or in the case of the Single Famibynestic Wastewater Discharge COC would be
covered by the implicit on-site discharge represigom.

2.6.1 Dischargers Included in the Model

This selection process produced a list of pernoitsvhich discharge monitoring report (DMR) data ever
requested and included 52 permits considered &culecharging and 41 permits that were potentially
active during the baseline period. A memo detgitire decision process and the resulting targetedfl
facilities was sent to DWQ, and DMR data were est&id and sent to Tetra Tech. Before the DMR data
was retrieved, Mike Templeton from the point soarbeanch reviewed the provided lists of facilitzesl
concurred that Tetra Tech selected the proper petminclude in the Jordan Lake watershed modeling
effort. Table 2-21 provides the currently activeDES permits that are not included in the watershed
model and the reason why each is not included.

Table 2-21. List of Facilities Actively Discharging Not Used as Model Inputs

Permit Permitted

Number Flow (MGD) Facility Name Reason for Exclusion
NC0003671 0.0000 Greensboro Terminal Il Small flows; flow & sediment only

Graham / Mebane Water
NC0045292 0.0000 Treatment Plant (WTP) Not a significant source of nutrients
NC0046345 0.0000 Reidsville WTP Not a significant source of nutrients
NC0080896 0.0000 Pittsboro WTP Not a significant source of nutrients
NC0081426 0.0000 N.L. Mitchell WTP Not a significant source of nutrients
NC0081591 0.0000 Cary & Apex WTP Not a significant source of nutrients
NC0081671 0.0000 Lake Townsend WTP Not a significant source of Nutrients
NC0082210 0.0000 Jones Ferry Road WTP Not a significant source of nutrients
NC0083828 0.0000 J.D. Mackintosh, Jr. WTP Not a significant source of nutrients
NC0084093 0.0000 Jordan Lake WTP Not a significant source of nutrients
SFR - White Cross Volunteer No data and probably not nutrient
NC0088986 0.0010 Fire Dept. bearing
No data and probably not a significant

NC0088994 0.0000 SFR - 9 S. Circle Drive nutrient source

Table 2-22 lists the list of facilities that arensaered to be actively discharging and are inaudehe
model. Table 2-23 lists the facilities that weigtdrically discharging during the baseline periddhe

model but have subsequently discontinued dischgrgiihe current and historic discharger’s spatial
locations are provided in Figure 2-27.
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Table 2-22. List of Actively Discharging NPDES Fac ilities used as Model Inputs
Permitted
Permit Flow Model
Map ID Number (MGD) Facility Name Period for Model Segment
C1 NCO0047384 40.0000 Greensboro - T.Z. Osborne WWTP 1/1/1996 - 12/31/2012 156
c2 NC0047597 20.0000 South Durham WRF 1/1/1996 - 12/31/2012 234
C3 NC0024325 16.0000 North Buffalo Creek WWTP 1/1/1996 - 12/31/2012 162
C4 NC0025241 14.5000 OWASA - Mason Farm WWTP 1/1/1996 - 12/31/2012 227
C5 NC0026051 12.0000 Durham County Triangle WWTP 1/1/1996 - 12/31/2012 243
Cc6 NC0023876 12.0000 Burlington - Southside WWTP 1/1/1996 - 12/31/2012 119
C7 NC0023868 12.0000 Burlington - Eastside WWTP 1/1/1996 - 12/31/2012 147
Cc8 NC0024881 7.5000 Reidsville WWTP 1/1/1996 - 12/31/2012 196
C9 NC0021211 3.5000 Graham WWTP 1/1/1996 - 12/31/2012 146
C10 NC0020354 3.2200 Pittsboro WWTP 1/1/1996 - 12/31/2012 103
Cc11 NC0021474 2.5000 Mebane WWTP 1/1/1996 - 12/31/2012 208
C12 NC0043559 0.5000 Fearrington Village WWTP 1/1/1996 - 12/31/2012 224
C13 NC0056413 0.3500 Chatham Water Reclamation Facility 1/1/1996 - 12/31/2012 227
C14 NC0066966 0.2000 Quarterstone Farm WWTP 1/1/1996 - 12/31/2012 155
C15 NC0025305 0.0922 UNC Cogeneration Facility 1/1/1996 - 12/31/2012 228
C16 NC0022691 0.0820 Autumn Forest MHC WWTP 1/1/1996 - 12/31/2012 167
Cc17 NC0043257 0.0600 Nature Trails Mobile Home Park WWTP 1/1/1996 - 12/31/2012 226
C18 NC0042528 0.0500 Saxapahaw Plant WWTP 1/1/1996 - 12/31/2012 115
C19 NC0051314 0.0500 Cole Park Plaza Shopping Center WWTP 1/1/1996 - 12/31/2012 226
C20 NC0042285 0.0400 Trails WWTP 1/1/1996 - 12/31/2012 220
c21 NCO0077968 0.0400 Horners Mobile Home Park 1/1/1996 - 12/31/2012 154
C22 NC0046043 0.0400 Oak Ridge Military Academy WWTP 1/1/1996 - 12/31/2012 190
Cc23 NCO0073571 0.0300 Countryside Manor WWTP 1/1/1996 - 12/31/2012 193
C24 NC0035866 0.0250 Bynum WWTP 1/1/1996 - 12/31/2012 105
C25 NC0001384 0.0250 Williamsburg Plant 1/1/1996 - 12/31/2012 199
C26 NC0065412 0.0235 Pleasant Ridge WWTP 1/1/1996 - 12/31/2012 180
c27 NC0046809 0.0200 Cornerstone Conf. & Resource Center WWTP 1/1/1996 - 12/31/2012 184
Cc28 NC0042803 0.0180 Birchwood Mobile Home Park 1/1/1996 - 12/31/2012 236
C29 NC0060259 0.0175 Willow Oak Mobile Home Park 1/1/1996 - 12/31/2012 196
C30 NC0031607 0.0150 Western Alamance Middle School 1/1/1996 - 12/31/2012 153
C31 NC0046019 0.0150 The Summit at Haw River State Park WWTP 1/1/1996 - 12/31/2012 186
C32 NC0074446 0.0120 Hilltop Mobile Home Park WWTP 1/1/1996 - 12/31/2012 236
C33 NC0045161 0.0120 Altamahaw/Ossipee Elementary School 1/1/1996 - 12/31/2012 179
C34 NC0045144 0.0115 Western Alamance High School 1/1/1996 - 12/31/2012 153
C35 NC0022098 0.0100 Cranbrook Village WWTP 1/1/1996 - 12/31/2012 141
C36 NC0045152 0.0075 Jordan Elementary School 1/1/1996 - 12/31/2012 115
C37 NC0055271 0.0060 Shields Mobile Home Park 1/1/1996 - 12/31/2012 150
C38 NC0038164 0.0045 Nathanael Greene Elementary School WWTP 1/1/1996 - 12/31/2012 128
C39 NC0045128 0.0030 Sylvan Elementary School 1/1/1996 - 12/31/2012 113
C40 NCO0071463 0.0000 Apex Oil Company 1/1/1996 - 12/31/2012 171
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Table 2-23. List of Historically Discharging NPDES Facilities used as Model Inputs
Permitted
Permit Flow Model
Map ID Number (MGD) Facility Name Period for Model Segment
H1 NCO0000876 1.250000 White Oak Plant (Cone Mills) 1/1/1996 - 8/30/2001 163
H2 NC0001210 0.050000 Monarch Hosiery Mills Incorporated 1/1/1996 - 7/31/2002 154
H3 NC0003913 0.150000 Glen Touch Yarn Company 1/1/1996 - 6/28/2005 179
H4 NC0022446 0.050000 Aquasource, Inc.-Quarry Hill 1/1/1996 - 7/31/2000 207
H5 NC0022675 0.043000 Birmingham Place WWTP 1/1/1996 - 5/31/2007 141
H6 NC0029351 0.007000 Arrowhead Motor Lodge 1/1/1996 - 7/31/1999 215
H7 NC0029726 0.025000 Guilford Correctional Center WWTP 1/1/1996 - 6/30/2011 161
H8 NC0036994 0.004200 Monroeton Elementary School 1/1/1996 - 2/28/2004 192
H9 NC0038105 0.015000 Guilford Co Sch-E Guilford 1/1/1996 - 11/30/1999 142
H10 NC0038130 0.031000 Guilford Co Sch-Northwest J 1/1/1996 - 9/30/2000 175
H11 NC0038156 0.032000 Northeast Middle & Senior High WWTP 1/1/1996 - 9/30/2005 166
H12 NC0038172 0.011300 McLeansville Middle School WWTP 1/1/1996 - 9/30/2007 156
H13 NC0043362 0.005000 Guilford Co Sch-Ple'snt Gar 1/1/1996 - 8/31/1997 138
H14 NC0048429 0.005000 Cedar Village Apartments 1/1/1996 - 7/31/2011 226
H15 NC0050024 0.010000 Forest Oaks Country Club 1/1/1996 - 1/31/1999 140
H16 NC0051331 0.001600 Chapel Hill West/ Tower Ap 1/1/1996 - 8/31/2001 221
H17 NC0066010 0.004000 Williamsburg Elementary School 1/1/1996 - 9/30/2005 182
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Figure 2-27.  Currently Active and Historically Acti  ve NPDES Permits in the Watershed Model
Note: See Table 2-22 and Table 2-23 for key to facilities.

2.6.2 Processing of Discharge Data

DWQ provided discharge monitoring data for inclusio the model. The DMR data were checked for
quality control problems, revealing outliers in tteta for some of the facilities. Some of theietsl
were easily explained, such as flow in gallonsdasr instead of million gallons per day or a decimal
point in the wrong spot for dissolved oxygen coricgion. Known and easily identifiable outliersree
fixed but some smaller outliers may still existlie model time series. The input time series $ipéecio
the model for each facility are CBOD, DO, Ammoraa (\), Nitrate+Nitrite (as N), Refractory Organic
Nitrogen (as N), Total Nitrogen, Ortho-phosphat&R§, Refractory Organic Phosphorus (as P), Total
Phosphorus, Total Suspended Sediment, and Watgu€eratare.

All of the permitted major discharges (>1 MGD) HaWIR data at a daily frequency and are represented
by daily time series in the model. Gaps in theeolesd data were filled by holding constant the last
available measurement until a new measurement leeagailable. Starting in 2007 the DMR data
contained measurements for all nitrogen specié®sd values were used to calculate average nitrogen
speciation ratios for each facility, which were liggbto data prior to 2007 when only total nitrogemd
ammonia were reported. Additionally, the DMR detatained only total phosphorus data. A default
assumption was applied that 30 percent was toganic phosphorus and 70 percent was inorganic
orthophosphate P. These default speciation asgmsyib fractionate total phosphorus were also bised
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Tetra Tech in previous watershed modeling conduittethe Georgia State-wide Watershed
Management Plan and are reproduced below in Tabe 2

The DMR data for the minor discharges (<1 MGD) wegorted at monthly or sub-monthly frequencies
and are represented by a monthly average timessartte model. To develop the time series, atw su
monthly data was assembled to a monthly averageevalhen, data gaps of three month or less data
were filled with the average of the values of thanths preceding and following the gap. The lomgite
monthly average was used to fill any gaps largen thhree months. For facilities that had observed
nitrogen speciation data in recent years, thissmédion was used to estimate nitrate+nitrite-N totdl
organic nitrogen concentrations previous to 200ilar to the approach used for major facilitidsor
facilities without such data a default speciaticaswised as follows: If total nitrogen (TN) and amnia-

N were both reported, the difference between TNamdhonia-N was multiplied by 83 percent to
estimate the nitrate+nitrite-N fraction and by Efgent to estimate total organic nitrogen fractith.

only TN was monitored then the nitrogen speciatiefaulted to 59 percent ammonia-N, 34 percent
nitrate+nitrite-N, and 7 percent total organic eigfen. Only total phosphorus was reported so autfefa
assumption was made that 10 percent was total mrghnsphorus and 90 percent was orthophosphate-P.
Additionally, some facilities had not reported wedufor all of the constituents needed for modeliinp
When no data were available on a constituent thexsimg default assumptions were applied: CBOD: 30
mg/L, DO: 5 mg/L and temperature of 15 °C in Octplbovember, December, January, February and
March and 25 °C in the other months. The assumptigd to create the time-series inputs for theomin
point sources are shown in Table 2-24.

LSPC represents organic nutrients in two formdraotory organic nutrients (not subject to decayd a
labile organic nutrients (which are subject to g@cal he refractory organic nutrients are statealdes

in the model. The labile organic nutrients arestate variables; instead LSPC represents thenidithpl
through the CBOD (and plankton) state variablesied/CBOD decays inorganic nutrients are released
according to user-specified stoichiometric relagiups that relate the carbon content of organi¢cenéd
the phosphorus and nitrogen content. Thus, thafgaion of the CBOD load for NPDES facilitiessal
implies a certain level of organic phosphorus amgdwic nitrogen load. To prevent double-countifig o
organic nutrients, the “hidden” labile fractionsreealculated based on the stoichiometric ratiesl lxy
the model and the CBOD input. Refractory orgatiimgen and refractory organic phosphorus model
inputs were calculated as the difference betwetah doganics and the calculated labile organicheiv
this difference calculation resulted in a negativenber the refractory portion was zeroed and it was
assumed that all organic nutrients were labile.
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Table 2-24. Default Water Quality Concentrations of

Municipal Facilities

Constituents without Data for Major and Minor

Constituent Parameter Id Minor (<1.0 MGD) Major (>1.0 MGD)
Discharge Flow FLOW 2009 of Permiied Flow | 2008 or Permited Flow
Total Phosphorus TP 5.0 mg/l 1.0 mg/l
Orthophosphate PO4 4.5 mg/l (90% of TP) 0.7 mg/l (70% of TP)

Organic Phosphorus OrgP 0.5 mg/l (10% TP) 0.3 mg/l (30% of TP)

Total Nitrogen TN 29.4 mg/l (sum of species) 17.0 mg/l (sum of species)
Ammonia NH3 17.4 mgl/l 5.0 mg/l

Nitrate+Nitrite NOx 10.0 mgl/l 10.0 mg/l

Organic Nitrogen OrgN 2.0 mg/l 2.0 mg/l

5-day BOD BOD5 30.0 mgl/l 10.0 mgl/l

Dissolved Oxygen DO 5.0 mg/l 5 mg/L

Total Suspended Solids | TSS 30 mg/l 30 mg/L

Water Temperawre | wiew | 350°C Octter tvough areh | 150.C octeber trough v

2.7 ONSITE WASTEWATER DISPOSAL SYSTEMS

Potentially significant sources of nutrient loadshe Jordan Lake watershed include onsite and othe
decentralized wastewater disposal systems. Foatialysisgdecentralized systenase defined as any
wastewater management system not represented asSBBcharges (described in Section 2.6). This
includes individual single family residential (SF&rface and subsurface effluent dispersal systems,
large/non-residential surface and subsurface effldspersal systems, and SFR NPDES systems.

For the purposes of model setup, decentralizedemaser systems are lumped together by subwatershed,
with their load to stream being represented agygregate artificial point source input to the retej

reach. This section focuses on the data procesgapg used to estimate the collective pollutaanddo
attributed to decentralized systems in each sulvglegd. This was accomplished by first developimg a
overall baseline source load for each subwaterghied) per capita flow and pollutant generationgate
multiplied by the unsewered population (as deriusitig census block data and parsing out population
sewer service areas) and then applying pollutahtateon factors based on the distribution of vasiou

types of systems (weighted by their design flowesain those subwatersheds followed by reductioes d

to attenuation during transport.

This protocol was selected in part to ensure tiatré modifications could readily be made to the
analysis. For example, if it were decided to latsrount for a selected subwatershed having cestdlin
characteristics expected to yield different poltiteeduction efficiencies, an additional modifieutd be
applied. Likewise, future refinement and annualatmg of system inventory data can easily be
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incorporated by adjusting the numbers of diffetgpes of systems in each subwatershed (along heth t
served population using future census or other jatipn data).

The protocol was developed to be consistent witgmtbst recent Chesapeake Bay Program Office
(CBPO) findings, previously developed methodolodasother watershed models in North Carolina
(e.g., High Rock Lake) and the most recent andsbscientific research (with priority given to Nort
Carolina specific studies) informed by input fromeadl health departments (LHDs) and staff of thei@ns
Water Protection Branch of the North Carolina Dépant of Health and Human Services.

The protocol includes the following steps (eactcdbed in more detail in subsections below):

1.

The number of people served by decentralized systéthin each subwatershed was estimated
using census block data, excluding population sebyeexisting municipal wastewater collection
systems (Population Estimate)

Flow and total pollutant (TN and TP) input loadsigeated by the population served by
decentralized systems was estimated for each satshat using standard per capita loadings,
based on updated CBPO criteria and standard watsglerzgineering references (Baseline Load
Estimate)

Edge of systempollutant loads were estimated by reducing tha! fwbllutant loads (from #2
above) based on the distribution of system typdsimveach subwatershed using system
inventory data and estimated treatment reductiasgsdbon the CBPO literature review and
preliminary findings (Edge of System Load Estimate)

Delivered loadsvere estimated by applying an attenuation rathé¢edge of systemoads (from
#3 above) for each type of system except SFR NPEE®ms based on published septic load
delivery studies in North Carolina (Attenuated Ldedimate)

A fraction of the total pollutant reduction (sumsystem reduction and attenuation reduction) for
each subwatershed was added back to the delivemddd account for malfunctioning systems
during the winter season (Malfunction Load Estirpate

Loads for each speciated pollutant of interest vestgnated for years 2000 and 2010 (Time
Series Pollutant Load Estimate)

2.7.1 Sewer Service Boundaries

The extent of sewer service areas was used totaisctre density of onsite wastewater treatment
systems. Sanitary sewer service area coveragesolp@ined from several sources. In some cases,
service areas were not available. In place ofaeseervice area polygon, available sanitary sdiwes
and/or points (for manholes) were used to estirpaieer service areas wherever available. All angtis
centralized sewer service were obtained in GlSu$arin model development (Figure 2-28).
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Figure 2-28. Sanitary Sewer Service Area Boundaries  and Infrastructure (Lines and/or Manholes)

2.7.2 Population Estimate

Processed US census block data for 2000 and 20d0denloaded from the NC Center for Geographic
Information and Analysis (NCCGIA). These datasetstain a multitude of demographic data analyzed
at the block scale, which is the smallest geographit utilized by the US Census Bureau. The censu
blocks provided total population and the numbenaiseholds (both vacant and occupied) for eactkbloc
unit.

A series of GIS processes were used to extradbthenumber of onsite wastewater systems withohea
model subwatershed. First, the two census blotksdts were intersected with the model subwatesshed
Areas were recalculated to determine the areaabf e@nsus block located in each subwatershed.eThes
values were used to calculate area-weighted populahd household quantities for each subwatershed
Microsoft Excel.

The next step involved identifying which intersetteensus blocks were served by existing sewer
systems. All of the municipalities within the wetlieed provided sewer coverages as either a polygon
(sewer service area), a polyline (force main ovigyanain locations), or as a point file (manhole
locations). For the polygons, a “select by loadtiprocess was used to determine if the centroigboh
intersected census block was located in a seweicegyolygon. A centroid analysis was used in ita
discrete intersection method to account for ge@spdviations that might overestimate the seweaar
coverage, such as a small piece of a sewer saxgeelocated in a larger census block that otherwis
does not receive sewer service. This analysisstiglygtly overestimate the number of onsite wastewat

TETRATECH
) e




Jordan Watershed Model July 2014

systems in the subwatershed but is likely balamgeother assumptions that tend to underestimate the
number of systems.

A discrete intersection method was used to idestifiyered census blocks using the sewer line and
manhole point datasets. In other words, if theeemfca census block intersected either a sewepline
manhole location, it was assumed that the entoekblvas served by a sewer system. With this agproa
the number of onsite wastewater systems mightigletisi underestimated at the subwatershed scale.

A relatively small number of septic systems aristioperation within municipal wastewater service
areas at properties whose owners have not voliyntamnected and have not been required to do so.
Tetra Tech was able to obtain specific septic systeentory information from several counties which
could potentially be used to identify those systeritkin municipal service areas. However, to be
consistent from county to county across the waegtsbystem inventory information was only used to
provide a more refined estimate of distributiorvafious systentypeswithin counties and, but not to
estimate loadings within subwatersheds as thisdvoale required a number of additional assumptions
believed to be less accurate than the populatise<blbad estimation method described above. The
simplifying assumption that all properties withiewger service areas are indeed served by municipal
systems will introduce a slight underestimate gtisesystem loads associated with areas served by
public sewer.

After identifying which census blocks were liketyle served by sewer systems, the processed dbapefi
were imported to a spreadsheet to calculate togllption and household values for each subwatdrshe
To determine the area-weighted population and Hmldenumbers for the non-sewered census blocks,
the intersected block area was divided by the waigdlock area to determine the percentage of ltteekb
contained in each subwatershed. This ratio waseslently multiplied by the “population” and
“household” attribute values to determine the nursloé each in each subwatershed. This approach
assumes that population and households are eqlistitiouted throughout a census block. Finallg, th
area-weighted population and household values sterened by subwatershed as a basis for estimating
the load managed using decentralized wastewattsygs

2.7.3 Baseline Load Estimate

Baseline input loads for each subwatershed wecelleabd by multiplying the number of people using
decentralized wastewater systems in the subwatkishthe per-capita loading factors listed in Table
2-25.

Table 2-25. Per Capita Loading Factors for Decentra  lized Wastewater Systems

Characteristic Per capita value Units Source
Flow 60 gallons per day (gpd) | CBPO (2013)/Metcalf and Eddy (2003)
Total Nitrogen 13.7 grams per day (g/d) Metcalf and Eddy (2003)
Total Phosphorus | 3.3 grams per day (g/d) Metcalf and Eddy (2003)

2.7.4 Edge of System Load Estimate

The input loads were first reduced by accountingr@atment within footprint of the decentralized
wastewater system. The distribution of systemaypas estimated for each subwatershed using
inventory information provided by county local hballepartments (LHDs). Relatively accurate
subwatershed-specific system counts were deternfiimedose counties whose LHDs provided
geospatial inventories of systems. For those desimthere fairly complete geospatial inventoriesenve
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not available, the distribution of most system g/gmost notably, the SFR subsurface systems) was
assumed constant across all relevant subwatergh#us county. A summary of the data sources used
for estimating the distribution of system typegpiigvided in Table 2-26.

Table 2-26. Summary of Data Sources used to Estimat e System Type Distribution

Facility Type System Type Data Source

SER Subsurface/Conventional LH_D geospatial data, County act|V|t_y reports, estimates from
adjacent subwatersheds and counties

SER Subsurface/Pressure Dosed LH_D geospatial data, County activity reports, estimates from
adjacent subwatersheds and counties

SER Subsurface/Pretreatment LHD geospatial data, County act|V|t.y reports, estimates from
adjacent subwatersheds and counties

SFR Non Discharge (surface irrigation) | DWQ-LAU geospatial database, LHD geospatial data

Non-SFR Subsurface/Conventional DHHS-O.SWPB databage, County activity reports, LHD geospatlal
data, estimates from adjacent subwatersheds and counties

Non-SER Subsurface/Pressure Dosed DHHS-O_SWPB databas_e, County activity reports, LHD geospatlal
data, estimates from adjacent subwatersheds and counties

Non-SER Subsurface/Pretreatment DHHS-O_SWPB databas_e, County activity reports, LHD geospatlal
data, estimates from adjacent subwatersheds and counties

Non-SFR Non Discharge (surface irrigation) | DWQ-LAU geospatial database, LHD geospatial data

SFR NPDES LHD geospatial data, County estimates, NPDES database

Using the counts of the various system types indécan Table 2-26, weighting factors were calcudate
based on design flow rates. Design flow rates weegl to provide a common basis for apportioning
loads. Although actual average flow rates arecalpi considerably lower than design flow ratesyas
assumed that the ratio of average-to-design flowlevbe similar regardless of the system type. For
example, the ratio of average-to-design flow folS&R is assumed to be the same as the ratio for an
office building. This assumption may not be asifiable for systems designed for short term pdaws$,
like churches whose systems are typically sizeasttmmmodate Sunday flows while flows on other days
are much lower, resulting in a relatively low awg@éao-design flow ratio. Because the total loauts f
each subwatershed are based on population, hovtkgee minor discrepancies in the system distobuti
calculations are unlikely to have a significantetfon final delivered loads.

On a subwatershed basis, the total design flowfoateach type of system was calculated. The desig
flow rate for each system type was then dividedheytotal design flow rate for the subwatershed to
determine the weighting factor for that system typaen the baseline pollutant load associated @ath
system was calculated by multiplying the weighfiagtor by the total pollutant loading (calculatexsed
on Table 2-25). Next, the baseline pollutant laadociated with each system was reduced by the
treatment efficiencies listed in Table 2-27 to dmiee edge-of-systeoads.
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Table 2-27. Design Flows and Reduction Efficiencies  for Properly Functioning System Types

Facility Type System Type Flow TN TP
SFR Subsurface/Conventional 360 gpd 50% 100%
SFR Subsurface/Pressure Dosed 360 gpd 70% 100%
SFR Subsurface/Pretreatment 360 gpd 65% 100%
SFR Non Discharge (surface irrigation) | 360 gpd 80% 100%
Non-SFR Subsurface/Conventional Designl 50% 100%
Non-SFR Subsurface/Pressure Dosed Designl 70% 100%
Non-SFR Subsurface/Pretreatment Design1 65% 100%
Non-SFR Non Discharge (surface irrigation) Design1 80% 100%
SFR NPDES 360 gpd 35% 50%

Based on actual design flow as provided in geospatial or other databases. Where not available,
an average non-SFR design flow rate of 1,000 gpd was assumed.

Table 2-27 includes essentially five different typmé systems:

1. Conventional subsurface — these systems have @dptec tank for treatment prior to soil
dispersal using conventional gravity distributiofWhen properly functioning in fine textured
soils, TP will be sequestered in the soil matithough phosphorus sequestration capacity is a
function of unsaturated soil depth, the availapitit iron and other metal cations and other
variables which may change over time, the CPBOather water quality studies recognize that
the TP sorption capacity for most finely textureilssis high and assume complete removal of
TP for properly functioning soil treatment systenological nitrogen removal (sequential
nitrification and denitrification) is the predomimal N reduction mechanism. TN removal in
conventional systems is partially a function of sexture, with finer textured soils supporting
proper development of a biomat which facilitatesaliernating aerobic/anoxic environment and
other conditions that promote TN reduction. A ®8gent TN reduction was assumed, based on
US EPA (2002) guidance for soil treatment at aldep0.6 meter (2 feet). 50 percent represents
a relatively conservative estimate of TN reducfiooonventional systems within the Jordan
Lake Watershed based on conclusions presentedryy (1995) in a literature review on
predicting nitrogen loading for onsite wastewateatment systems

2. Pressure-dosed subsurface — these systems hava seyic tank for treatment prior to soll
dispersal, but dose effluent into the soil treatmenit periodically under pressure which
improves overall treatment performance by avoidauglized overloading and further promoting
sequential aerobic/unsaturated and anoxic/satucataditions. An increase in TN reduction
efficiency to 70 percent was assumed for pressosedi subsurface dispersal systems. 70
percent represents the efficiency suggested by (H@@5) for conventional systems in silty or
clayey soils which predominate in the Jordan Lalaefshed.

3. Pretreatment system to subsurface dispersal — fiystems primarily use aerobic biological
treatment prior to soil dispersal. Typically, fwmary objective of pretreatment is reduction of
CBOD which can grow biofilms which can clog thenizh-soil interface in marginal soils and for
nitrification of ammonia. Although some systems designed for a substantial amount of total
nitrogen removal (i.e., denitrification), most an@t. Inventory information collected for this
project does not allow for denitrification systetnde distinguished from other types of
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advanced treatment systems. With pretreatmengrldM reduction efficiencies in the soll
treatment unit are expected since labile carboilabitity is decreased and biomat formation
reduced. However, microbial assimilation of nigagsimultaneous nitrification/denitrification,
and abiotic removal processes within the pretreatmeit along with lower efficiency TN
reduction processes within the soil absorptionesyswill result in higher overall TN reduction
efficiencies than for conventional septic tank-dgmaflow drainfield systems. Accordingly, a 65
percent efficiency was used.

4. Surface irrigation — these systems generally haseptic tank and some form of pretreatment
prior to soil dispersal on the land surface (vieagpor drip irrigation). Irrigation into surficial
soil layers enhances TN reduction since these sqisally contain higher amounts of labile
carbon needed to drive denitrification. Vegetatiiteogen uptake can also be a significant TN
reduction mechanism in surface irrigation systemscordingly, an 80 percent reduction
efficiency was used for surface irrigation systems.

5. SFR discharge — these systems typically consiatsaiptic tank followed by a single pass
biological filter with an underdrain system thatleots effluent for discharge (typically to a ditch
or surface water). There is a large amount ofatlity in the design of these systems. Older
units often consisted of buried sand filters withliners. Consequently, many older systems
function as (relatively deep) subsurface dispesgsiems and do not discharge through their
underdrains during dry weather. Between 31 anpeB2ent of the discharging sand filters in
Durham County inspected by DWQ showed evidencedieharge (Brown and Caldwell,

2013). Newer systems may use pressure distribtaidisperse septic tank effluent on filters that
can be accessed at-grade. TN reduction efficisrare based on performance data for
intermittent sand filters (Crites and Tchobanog]dig98) and TP reduction efficiencies are based
on typical septic tank removal efficiencies (Londi®r2006) with additional allowances to
account for systems that discharge to the soihdwlry weather, as well as the effect of
attenuation in lower-order stream reaches for tisgstems that do discharge. TN reduction
efficiencies are consistent with concentrationssuezd by the City of Durham (City of Durham
Stormwater Services, 2008), again with some all@edar those systems whose effluent is
dispersed into soil beneath the system insteadgsoharging.

2.7.5 Attenuated Load Estimate

Attenuated or delivered pollutant load for propdtgctioning systems was calculated by reducing the
edge of systemoadings by attenuation factors for TN. (Atteno@tfactors are not needed for TP because
100 percent reduction is assumed to occur withersifstem for properly functioning systems.) An
average TN attenuation rate of 80 percent waslhyitapplied for all functioning soil treatment (face,
subsurface) systems. Although this attenuatiamisahigher than the attenuation rate currentlyl use

the CBPO, the CBPO'’s constant 60 percent ratenistided to be revisited by an Expert Panel later in
2013. An existing Expert Panel studying onsitdesysperformance has found no clear justificatian fo
the 60 percent factor used in the current versidheCBPO watershed model and believes that the 60
percent factor generally underestimates attenuatienaged across the watershed. Furthermore, North
Carolina studies suggest that overall (i.e., aftértreatment and attenuation reductions) TN eejivof

10 percent or less of the base load can be expebtedt notably, NC DENR (2010) in collaboration
with the United States Geological Survey (USGSprepN deliveries of 0.5 to 8.0 percent in Triassic
Basin Falls Lake subwatersheds served by decersidadiystems. By contrast, the soil treatment and
attenuation calculations described above res@tifi percent TN delivery for conventional subswefac
wastewater systems (other system types have loglieeded TN loads, although the numbers of these
other systems are much smaller than those for cdioveal systems).

During model calibration, the original attenuatiate of 80% was found to result in over-simulatidn
nitrogen concentrations at low flows in streamsaitt significant point source discharges. The
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attenuation rate for TN was revised during calibrato be 95%, which is in line with the NC DENR
studies.

Although first-order decay functions are sometimesd to characterize attenuation between edge of
system and modeled stream reach, decay rate cthatsume consistent soil and landscape scale TN
reduction characteristics over the area being neadeAdditionally, travel time (a function of disize,
slope, and saturated hydraulic conductivity) muskibown to accurately estimate resulting TN deliver
Using a constant percent attenuation rate, as forkis exercise, implicitly assumes a constaisti
order decay function and average travel time adtassvatershed. Review of the watershed and
subwatershed characteristics (e.g., soil charatitesj locations of receiving waters) suggestsubatof a
constant attenuation rate is reasonable, as websistent with the data currently available faresent
pollutant delivery.

Watershed characteristics also suggest that sydtesity at various distances from surface waters is
similar (i.e., as a general rule, development iscoacentrated adjacent to streams). Accordingly,
spatial analysis was conducted to attempt to akodéferent load deliveries based on proximity to
surface waters, as has been done in other watktyquadeling exercises (e.g., High Rock Lake).eTh
attenuation rates used therefore represent watkigioe averages.

The literature regarding the importance of horiabseparation distance on TN delivery from
decentralized systems is not conclusive. Althotigppears that an extremely low first order
denitrification rate applied over the travel distafbetween the system and receiving surface water i
applicable, the potential TN reduction associatét this “background” denitrification is small, g
limited by prevailing conditions that are inhospitafor denitrification. More important than trave
distance/timger seare landscape-scale characteristics and landba$eeen systems and receiving
surface waters. Intact riparian areas (particylfested riparian areas), for example, have detnated
a high capacity for denitrification of nitrate plesassociated with septic systems and other soufses
indicated previously, the watershed-wide attenuatite applied implicitly includes the mechanisms
described and is sufficient for the purposes of shildy. However, it would be appropriate to coesi
landscape characteristics, surface water proxiraitg, a host of other nitrogen loading “risk” fastor
when considering how to prioritize systems for rdragon or retrofit. Such analyses will be more
feasible and meaningful when approached at the atdpghed or smaller scale.

2.7.6 Malfunction Load Estimate

Additional load delivery associated with seasonalblfunctioning soil treatment systems was estithate
by applying a malfunction loading factor to theatdbad reduction estimates (i.e., baseline loaausni

the delivered load). The malfunction loading fast@as calculated by applying county-wide malfunetio
rate estimates (typically provided by LHDs) overamsumedveragesystem malfunction profile. The
malfunction profile assumes that, on average, dftmetioning” system results in surfacing effluéot a
total of four weeks (two weeks to identify the nuai€tion and two weeks to mitigate it). It was
additionally assumed that malfunctioning systenmivele50 percent of their TN and TP load when
surfacing. Finally, it was assumed that all mattioning systems malfunction only during the 13 kwee
winter season when evapotranspiration is lowest.

So, for an example county with a 10 percent replamalfunction rate, the loading factor would bel (9.
4 x 0.5)/13 =0.0154. This loading factor waantimultiplied by the load reduction estimates 1br a
system types except SFR NPDES to determine theddddd resulting from malfunctioning systems.
This load is only applied during the winter seaddacember 21 — March 22).

In contrast to other areas in North Carolina, pecussion with the On-Site Water Protection Brastetff
at the NC Department of Public Health, illicit diseges (e.g., graywater or blackwater straightpipes
not believed to be significant in the Jordan Laletesshed and therefore have not been separately
considered in the decentralized system representati
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2.7.7 Time Series Pollutant Load Estimate

Model inputs for decentralized wastewater systemsevestimated for two time series: year 2000 and
year 2010 (based on census population data avaypbiogic for determining the distribution ofi¢
(speciated) pollutants of interest is summarizetahle 2-28. The year 2000 load estimates willded

in the model from January 1, 1997 through DeceriteR001 (baseline period) and the year 2010 load

estimates are used in the model from January 2 #60ugh September 30, 2012.

Table 2-28. Pollutant Speciation Assumptions

Pollutant Species

Applicable Systems

Predominant form of nitrogen from malfunctioning soil treatment systems and SFR NPDES

Ammonia-N
systems
NOx-N Predominant form of nitrogen from functioning systems
Organic N No contribution (converted to ammonia in septic tank)
Orthophosphate No contribution from functioning soil treatment systems; predominant form of phosphorus

load from malfunctioning soil treatment systems and SFR NPDES systems

Organic phosphorus

No contribution

CBOD No contribution (not a pollutant of concern)

TSS No contribution

DO Low/zero DO in groundwater

Temperature Same as the constant groundwater temperature

An example calculation worksheet for a hypothetstddwatershed containing 2,926 people served by
decentralized systems is summarized in Table 288 (TN calculations are shown) and Table 2-30
shows the model input parameters for the same hggioal subwatershed.
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Table 2-29. Example TN Load Worksheet for Single Su  bwatershed
. TN Loads (grams per day)
Facility System Number Flcl?vss(lggd) FL:c?gr
Influent | System Eff. | Delivered | Malfunction | Total Winter

SFR | SS-Conventional | 1 200 432,000| 0.8441| 33,833 16916 3383 468.9 3,852.2
SFR  |SS-LPP 100 36,000( 0.0703| 2,819 846 169 40.8 210.0
SFR | SS-Pretreatment 8 2,880| 0.0056 226 79 16 3.2 19.0
SFR  |Non Discharge 10 3,600/ 0.0070 282 56 11 4.2 15.4
Non- 155 ional
SER -Conventiona 4 12,000 0.0234 940 470 94 13.0 107.0
Non- | ss.Lpp
SER - 2 6,000| 0.0117 470 141 28 6.8 35.0
Non- 1s5p
SER -Pretreatment 1 3,000| 0.0059 235 82 16 3.4 19.8
Non- isch
sFr | Non Discharge 2 12,000/ 0.0234 940 188 38 13.9 51.5
SFR  |NPDES 12 4,320 0.0084 338 220 220 1.8 221.7
Total for Subwatershed 511,800 40082 18998 3976 556 4532

Table 2-30. Example Decentralized Wastewater Input

Model Input March 21-December 20 December 21-March 20
Flow 175,560 gpd | 0.27 cfs 175,560 gpd | 0.27 cfs
Ammonia-N 220 gm/d 0.33 mg/l 776 gm/d 1.17 mgl/l
NOx-N 3756 gm/d 5.65 mgl/l 3756 gm/d 5.65 mg/Il
Orthophosphate 41 gm/d 0.06 mg/l 188 gm/d 0.28 mg/l

2.8 SANITARY SEWER OVERFLOWS

Sanitary sewer overflows (SSOs) can provide inteeemi loads of nutrients into the system. In some
cases, SSOs have been large; however, large owverflocur only very infrequently, so they are not
believed to constitute a significant part of thériemt mass balance.

DWQ provided Tetra Tech with a list of SSO evefran 1995 through 2012, from the BasinWide
Information Management System (BIMS) database thaintain. Included in the list are date, estimated
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volume, an indication of whether or not the sgthched a waterbody, and general, non-specificitycat
information (e.g. a pump station name or a stragig).

The City of Durham provided Tetra Tech with a 6§sewer spill reports for their jurisdiction ineth
Jordan Lake watershed from 1997 through 2012.utted in the list are date, volume, non-specific
location information, and the waterbody that thi# suld have impacted.

Orange Water and Sewer Authority provided TetrahTwith a list of reportable sewer overflows in thei
service area from 2001 through 2012. Includedhénlist are date, volume, volume reaching surface
waters, general location information, and latitlmlegitude.

SSOs are not explicitly included in the model; hegre water quality observations were checked agains
the record of major spills without clear result.odf spills in the watershed are reported as 400,000
gallons or less, which equates to only 0.62 cfa diaily basis — too little to show a clear sigmaiiost
monitored streams. In many cases, monitoring a@tdacking immediately following spills. Some of
the largest spills to monitored watersheds occuneszd the Triangle WWTP on Northeast Creek, with a
spill of 6 million gallons on 3/18/1998 and anotleél.6 million gallons on 7/1/1997. There is no
downstream monitoring at B3660000 correspondirih@cl998 event. On 7/2/1997 this station reported
0.21 mg/L ammonia N, 2.6 mg/L total N, and 0.41 lmgtal P — all of which are within the normal

range for this station. Based on these obsenatmmission of direct representation of SSOs in the
model appears appropriate.

In sum, insufficient data are available to chanaoteSSOs on a watershed-wide basis, and inclugion
SSOs does not appear to be needed to improve malilaiation. A jurisdiction that had detailed
information on SSO volumes over time might be ableequest a nutrient reduction credit for elimingt
such events.

2.9 WATER WITHDRAWALS

Information on water withdrawals is more diffictdt obtain than information on discharges. However,
the OASIS water supply model of the Cape Fear Rdamin (Hydrologics, 2009) contains information
for nine water withdrawals upstream of B. Everettdldn Reservoir.

Water withdrawals are input into the LSPC modehig same manner as point sources but with a
negative flow and a zero load. The water withdilawat are included in the LSPC model based oa dat
from the OASIS model are identified in Table 2-3l d&igure 2-29. All facilities have provided avgea
daily water withdrawal by month and year for theige: of record January 2004 through December 2011.
Most have also provided permitted capacity and/&@ in which operations started. Data gaps less t
three months had the before and after gap valussiged and supplied in place of the missing datee
long-term monthly average was used to extend thiegef record to January 1, 1994 through December
31, 2012 for model simulation.
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Table 2-31. Water Withdrawal Information Obtained f

rom the OASIS Model

Reidsville Water Supply via the 0. S
Reidsville WTP 02-79-020 9 Lake Reidsville 191
Burlington Water Supply via the o Stony Creek
Ed Thomas WTP 02-01-010 16 Reservoir 197
Burlington Water Supply via the o Mackintosh
J.D. Mackintosh WTP 02-01-010 18 Reservoir 132
Greensboro Water Supply via the .
N.L. Mitchell WTP 02-41-010 30 Brandt Reservoir | 170
Greensboro Water Supply via the 1.
Lake Townsend WTP 02-41-010 35 Lake Townsend 168
Graham Water Supply via the s Graham Mebane
Graham/Mebane WTP 02-01-015 12 Reservoir 209
OWASA Cane Creek Water Supply 03-68-010 N/A Cane Creek 217
Reservoir
OWASA University Lake Water Supply 03-68-010 N/A University Lake 229
Pittsboro Water Supply via the Yy .
Town of Pittsboro WTP 03-19-015 2 Haw River 105
N/A means the information was not available in the OASIS data
Reidsville WTP. 29
/ ~R 7 —
ALAMANCE Ed ,Thomas WTP.
COUNTY Graham/Mebane WTP.
\
Ve
\ OWASA Cane Creek
N.L. Mitchell WTP. OWASA University,L'ake
Lake Townsend WTP. \/
J.D. Mackintosh WTP.
73
Legend Pittsboro WTP.
- Water
D County Boundary !
D Jordan Lake Watershed
Jordan Lake Watershed (A B | 20 Eol @ SE———
D poduced B2 2013 Coda 0 5 10 20 30 es

Figure 2-29.  Water Withdrawal Locations
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3 Calibration and Corroboration Process

3.1 MoDEL QUALITY OBJECTIVES

Given the inherent errors in input and observed datl the approximate nature of model formulations,
absolute criteria for watershed model acceptancejection are not generally considered approphbsgte
most modeling professionals. And yet, most denisnakers want definitive answers to the questions—
“How accurate is the model?” and “Is the model gendugh for this evaluation?” Consequently, the
current state of the art for model evaluation iexpress model results in terms of ranges thaespand

to “very good”, “good”, “fair”, or “poor” quality ® simulation fit to observed behavior, as summaize
Tetra Tech (2012a). These characterizations infgppropriate uses of the model: for example, where
model achieves a good to very good fit, decisiofkans often have greater confidence in having the
model assume a strong role in evaluating manageomioins. Conversely, where a model achieves only
a fair or poor fit, decision makers may assume almess prominent role for the model results in the
overall weight-of-evidence evaluation of managenugions.

The intended uses of this LSPC model applicatieadmn accurately estimating baseline nutrientdoad
by regulated entity or jurisdiction for the purpageestablishing load allocations under the Joidzke
Rules. As such, the ability of the models to repri the relative contributions of different souaceas is
of greatest importance, while obtaining a prec&emate of loading time series is of less diretgriast.
Ideally, the models should attain tight calibratiorobserved data; however, a less precise cabbraan
still provide useful information. The general gutaace criterion for models to be applied in thmgjgct

is to achieve a quality of fit of “good” or bettein the event that this level of quality is nohaved on
some or all measures the model may still be usbbwever, a detailed description of its potentaige

of applicability will be provided.

3.1.1 Hydrology Performance Targets

As provided in the Quality Assurance Project Plagtia Tech, 2012a), a variety of watershed model
performance targets have been documented in énatlire, including Donigian et al. (1984), Lumtakt
(1994), and Donigian (2000). Based on these rete®and past experience, the HSPF/LSPC
performance targets for simulation of the wateabeé components are summarized in Table 3-1.
Statistics are calculated using average daily flflwesh observed and simulated) unless otherwise
indicated by the statistic name (e.g., winter vadugnror is calculated using summed flow from Japuar
through March). Monthly Nash-Sutcliffe coefficienitmodel fit efficiency was added as an overall
indicator of seasonal hydrology performance. Thneasures were selected as being the most cfitical
evaluating performance at each gage — error ithtotame (ETV), error in the 10% highest flow
volumes (E10%), and the monthly Nash-Sutcliffe Goiint (NSE). (Error in the 10% highest flow
volumes was selected as preferable to storm vokmag, since storm volume estimation is influenbgd
hydrograph separation method and much of the dbgdrograph information is lost when daily observed
flow is used.) In the performance summary talies follow, the error statistics for the critical
components are color-coded as follows:

« Blue indicates the value lies within the “very gboange
« Green indicates the value lies within the “goodiga

* Yellow indicates the value lies within the “fairAmge

« Orange indicates the value lies within the “poarige.

It is important to clarify that the tolerance rasgee intended to be applied to mean values, atd th
individual events or observations may show largierd@nces and still be acceptable.
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Table 3-1. Performance Targets for LSPC Hydrologic ~ Simulation (Magnitude of
Annual and Seasonal Relative Mean Error ( RE); Daily and Monthly Rz)
Model Component Code Very Good Good Fair Poor
1. Error in total volume ETV <5% 5-10% 10 - 15% > 15%
2. Error in 50% lowest flow volumes E50% < 10% 10 - 15% 15 - 25% > 25%
3. Error in 10% highest flow volumes E10% < 10% 10 - 15% 15 - 25% > 25%
4. Error in storm volume EST <10% 10 - 15% 15 - 25% > 25%
5. Winter volume error EW <15% 15 - 30% 30 - 50% >50%
6. Spring volume error ES < 15% 15 - 30% 30 - 50% > 50%
7. Summer volume error ESU < 15% 15 - 30% 30 - 50% > 50%
8. Fall volume error EF < 15% 15 - 30% 30 - 50% > 50%
9. Monthly NSE* NSE >0.85 >0.75 > 0.65 <0.65
10. R® monthly values R2M >0.85 >0.75 > 0.65 <0.65
11. R? daily values R2D >0.80 >0.70 >0.60 <0.60

* Nash-Sutcliffe Coefficient of Efficiency

3.1.2 Water Quality Performance Targets

As provided in the QAPP (Tetra Tech, 2012a), redaéirror performance targets for water quality
simulation with HSPF/LSPC are also provided by [@am (2000) and are shown in Table 3-2. The

measures were calculated from observed and sindulizity values (paired on the same date), and were
applied only in cases where there were a minimu@0afbservations. Measures were calculated for
mean and median relative errors for both conceatraiand loads. For the paired loads, the valies w
calculated from the product of average daily cotration and average daily flow. The QAPP provides
greater detail regarding the calculation of relagvrors.

Similar to hydrology, a table cell color code scleemas been utilized to aid in the presentatiomef t
model performance results. The color blue indE#te value lies within the “very good” range; gree
indicates the value lies within the “good” rangellgw indicates the value lies within the “fair'nge;
and finally orange indicates the value lies witthia “poor” range. The colors shown in Table 3 ar
used below in the Water Quality Calibration andrGboration Performance Evaluations sections.

Table 3-2. Performance Targets for LSPC Water Quali ty Simulation (Magnitude of Annual and
Seasonal Relative Average Error ( RE) on Daily Values)

Model Component Very Good Good Fair Poor
1. Suspended Sediment < 20% 20 - 30% 30 - 45% > 45%
2. Nutrients <15% 15 - 25% 25 - 35% > 35%

@ TETRATECH

74



Jordan Watershed Model July 2014

3.2 LSPC MODEL SETUP

The LSPC water quality model is setup to model Teraure, Dissolved Oxygen, Carbonaceous
Biochemical Oxygen Demand (CBOD), Ammonia (NH3)tratie+Nitrite (NOXx), Organic Nitrogen (Org-
N), Orthophosphate (PO4), Organic Phosphorus (Qrgdtal Suspended Solids (TSS), Phytoplankton,
Chlorophylla, and Benthic Algae. From the species of nitrogieth phosphorus both Total Nitrogen
(TN) and Total Phosphorus (TP) can be calculateddmparison against observed water quality data.

3.2.1 Reach Group

For the instream water quality simulation, LSPCvdes the ability to parameterize instream
biochemical processes, for the modeled reachess&igning them to reach groups. Assigning reaches
into groups allows for the assignment of uniqueiga) for each reach group, for certain LSPC
parameters. The parameters that can be assigfeelily by reach group include: sediment bed
storage parameters, cohesive and non-cohesiverglespsediment variables for instream transport,
temperature for stream groups, bed heat condupticameters, land to stream mapping (non-point
nutrient loading speciation), variables associatid BOD sinking, decay, and benthic release, \des
for dissolved oxygen reaeration, benthic oxygenatemoxygen scour, all biochemical nutrient
transformation parameters, and all plankton grod#fath and transport parameters. In LSPC, reach
group is analogous to the RCHRES block in HSPFRletailed description of relevant instream and
transport algorithms is presented in the HSPF (Ws8r’'s Manual (Bicknell et al., 2005).

3.2.2 Water Temperature

Instream temperature is an important parametesifoulating biochemical transformations. The
LSPC/HSPF modules used to represent water tempeiiattiude PSTEMP (soil temperature) and
HTRCH (heat exchange and water temperature).).

Simulation of soil temperature is accomplished byng three layers: surface, upper subsurface, and
groundwater subsurface. The surface layer is thigop of the land segment that determines thelandr
flow water temperature. The upper subsurface ldgegrmines interflow temperature while the
groundwater subsurface layer determines groundwextgserature. Surface and upper subsurface layer
temperatures are estimated by applying a regressjoation relative to measured air temperaturee Th
groundwater subsurface temperatures are suppteEt@erature which reflects the mean average earth
temperature for north central North Carolina.

Coefficients for the surface and upper sub-surfan®erature regression equations were obtaineddrom
detailed calibration exercise previously condudteédhe Georgia Automated Environmental Monitoring
Network stations at Ellijay, Georgia as part of @exrters Lake TMDL for the Georgia Environmental
Protection Division. Data used included the meadalaily average surface layer soil temperature and
measured air temperature.

Soil temperature is only used to determine the mtataperature of the three different flow pathgfese
outflow, upper subsurface/interflow outflow, lowsrbsurface/groundwater outflow) as the water is
contributing to stream flow. Once the water isha stream, the temperature is impacted by meamnanis
that can increase or decrease the heat contem @fdter and these mechanisms are dependent on the
weather forcing file (*.air). Mechanisms which dagrease the heat content of the water are abgorpt
of solar radiation, absorption of long-wave radiatiand conduction-convection. Mechanisms which
decrease the heat content are emission of long-vealiation, conduction-convection, and evaporation
(Bicknell et al. 2005).
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3.2.3 Dissolved Oxygen

LSPC simulates dissolved oxygen by using algoritidestical to those in the Hydrologic Simulation
Program FORTRAN (HSPF). The LSPC/HSPF modules tsegpresent dissolved oxygen include
PWTGAS (pervious water temperature and dissolvadcgacentrations), IWTGAS (impervious water
temperature and dissolved gas concentrations)QadRIX (primary instream DO and CBOD balances).
A detailed description of relevant temperature atgms is presented in the HSPF (v12) User’'s Manual
(Bicknell et al. 2005).

In addition to instream transformations, which eitbonsume or produce dissolved oxygen, the disdolv
oxygen simulation is sensitive to stream tempeeatwhich controls the saturation concentration of
dissolved gases, and atmospheric reaeration. Atineoi reaeration rates depend on water temperature
water depth, water velocity, and surface area.

3.2.4 Sediment

LSPC models sediment using algorithms identicéih¢se in the Hydrologic Simulation Program
FORTRAN (HSPF). The LSPC/HSPF modules used tesgmt sediment include SEDMNT (pervious
production and removal of sediment), SOLIDS (acclation and removal of solids on impervious land),
and SEDTRN (transport and behavior of inorganiérsedt in streams). A detailed description of
relevant sediment algorithms is presented in theFH&12) User’'s Manual (Bicknell et al., 2005). In
brief, SEDMNT simulates detachment of sediment fthensoil matrix by rain drop impact, reattachment
into the matrix, and transport of detached sedirbgrdverland flow energy. Overland flow can also
cause gully scouring in which the material avagaliolr transport is not limited by raindrop detachine
SOLIDS simulates sediment availability and wasHiafin impervious surfaces using a buildup/washoff
formulation in which solids accumulate at a spedifbuildup rate towards an asymptotic limit and are
washed off and removed as a function of flow ener@iye upland components consider only a single
sediment size class, but this is partitioned astheam edge into sand, silt, and clay fracticdBEDTRN
simulates these size classes within the streanudimg deposition and scour. The sand fraction is
simulated as non-cohesive, with the rate of trarispgressed as a power function of flow. Silt atey
are simulated as cohesive sediments, for each ichwvtthere is a critical shear stress for deposiéiod a
critical shear stress for scour.

3.2.5 Nutrients and Plankton

LSPC models nutrients and plankton by using algorit identical to those in the Hydrologic Simulation
Program FORTRAN (HSPF). The LSPC/HSPF modules tesespresent nutrients and plankton include
PQUAL (quality constituent loading from perviousd), IQUAL (quality constituent loading from
impervious land), NUTRX (primary inorganic nitrogand phosphorus balances instream), and PLANK
(plankton populations, organic nutrients, and as$ed reactions instream). A detailed descriptbn
relevant sediment algorithms is presented in theFH&12) User’s Manual (Bicknell et al., 2005).

PQUAL can simulate loading from the land surfacaibuildup/washoff process or as a function of the
movement of sediment. PQUAL also simulates subsarfoading as a function of monthly
concentration specifications. IQUAL simulations iimpervious surfaces also use either a
buildup/washoff formulation or a sediment potenppr@ach.

Four nutrient constituents (Organic Matter, AmmeNiaNitrate+Nitrite-N and orthophosphate-P) are
represented in the Jordan watershed model. Orgaetier and orthophosphate P are simulated using a
sediment potency approach for pervious lands andldup/washoff approach for impervious lands. In
contrast to these constituents, inorganic nitrdgdrighly soluble and loading in surface runoff nomgur
independently of sediment movement (particularlewtertilizer is applied). Further, much of the
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nitrate load in surface runoff represents inputfratmospheric deposition. Therefore, inorganimgin
loading from pervious surfaces is represented Waildup-washoff approach.

Total organic matter load — generally representimgnus, leaf litter, other detritus, and particulatel
dissolved organic compounds - is partitioned ateithge of the stream reach into labile and refrgctor
organic phosphorus, organic nitrogen, and orgaamiiban using stoichiometric ratios based on the
chemical composition of forest soils (as foreghislargest land use in the basin). Within theastr
reaches, LSPC uses carbonaceous biochemical oxiggeand (CBOD) as the primary state variable for
labile organic matter. Totals for refractory orgacarbon, organic phosphorus, and organic nitr@gen
tracked and updated.

The stoichiometry of organic matter is specifiedfloy path. The fractions used in the model a@gh
in Table 3-3. As an example, a pound of organidenatinning off impervious surface would produce
0.2 pounds (20%) of BOD into the receiving reach.

Table 3-3. Organic Matter Fractionation parameter v alues by Flow Path and Constituent

BOD Organic Nitrogen Organic Phosphorus Organic Carbon
Flow Path Fraction Fraction Fraction Fraction
Impervious surface flow 20.0% 1.8% 0.8% 55.0%
Pervious surface flow 10.0% 3.0% 0.8% 60.0%
Pervious land interflow 15.0% 3.0% 0.5% 60.0%
Pervious land 15.0% 3.0% 0.5% 60.0%
groundwater flow

Within lakes, rivers, and streams, the model uradtes a full simulation of nutrients and eutrophiarat
kinetics, including dissolved oxygen and biochemmaggen demand balances, organic and inorganic
nutrient cycling, and both planktonic and benthgabpopulations. Key processes for nutrientsudet
nitrification, denitrification, adsorption/desorpti of ammonia and ortho-phosphorus, assimilation of
nutrients by algae, and mineralization of organatarials to produce inorganic nitrogen and phogyhor

3.3 HYDROLOGIC CALIBRATION PROCESS

3.3.1 Flow Gaging

Stream flow gaging data were obtained from the ééhtates Geological Survey (USGS) National Water
Information System (NWIS) and were assumed to laditguassured. Daily average flow data were
downloaded for each station selected for modebration and corroboration. QA/QC was performed by
spot checking a handful of the data points dowrddadr each station. For each station, the data we
then transferred from the download spreadsheet totarnal Tetra Tech tool called HydroCal, whish i
used for comparing simulated and observed flows/Q included checking first and last values plus a
subset of values in between to ensure that data tnarsferred accurately to HydroCal workbooksowF|
data were downloaded in January 2013, at which tir@éctober, November and December data in the
year of 2012 for all flow gages was indicated tgbavisional data and subject to revision. Additity,
gages 02097517 and 0209782609 had provisionakthiating on 10/1/2011 that continued on as
provisional data through 12/31/2012.

A total of 22 stations were selected for use iibcating and corroborating the Jordan Lake watatshe
model. The stations were categorized as eithexor non-coreaccording to their relative importance to
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the calibration process; core stations were giverity, while non-core stations had lower priority
achieve specified hydrology calibration target#sti-stations were identified representing dragsagot
influenced by major NPDES point sources or upstrempoundments. A cross section of these stations
across geologic zones was selected to becometetians. In addition, three stations with sigrait
upstream drainage area were chosen as core st@mmmsn Reedy Fork and two on the Haw River),
since proper simulation of flow in the Haw Rivemniseded to estimate nutrients loads entering Jordan
Lake. The gage on Northeast Creek in Durham Cowasyalso considered a core station; while it is
influenced by a major WWTP, it drains an urbaniaeei and has an important role for delivering flow
and nutrient loads to the upper portion of Jordakel. The remaining stations were categorized as no
core stations; some drain headwaters areas butdupfieative of other nearby core stations. Table
provides the list of stations used and core/noe-essignment. Figure 2-1 shows the location ottne
and non-core stations.

29
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Figure 3-1. Location of Hydrology Calibration Gages in the Jordan Lake Watershed
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Table 3-4. USGS Flow Gaging Stations used for the J

ordan Lake Watershed Model

Site Number Site Name Core
02093800 REEDY FORK NEAR OAK RIDGE, NC Yes
02093877 BRUSH CREEK AT MUIRFIELD RD AT GREENSBORO, NC Yes
0209387778 BRUSH CREEK AT FLEMING ROAD AT GREENSBORO, NC No
0209399200 HORSEPEN CREEK AT US 220 NR GREENSBORO, NC Yes
02094500 REEDY FORK NEAR GIBSONVILLE, NC Yes
02094659 SOUTH BUFFALO CREEK NR POMONA, NC No
02094770 SOUTH BUFFALO CREEK AT US 220 AT GREENSBORO, NC No
02094775 RYAN CREEK BELOW US 220 AT GREENSBORO, NC No
02095000 SOUTH BUFFALO CR NEAR GREENSBORO, NC Yes
02095181 N BUFFALO CR AT WESTOVER TERRACE AT GREENSBORO, NC No
02095271 NORTH BUFFALO CREEK AT CHURCH ST AT GREENSBORO, NC Yes
02095500 NORTH BUFFALO CREEK NEAR GREENSBORO, NC No
0209553650 BUFFALO CREEK AT SR2819 NR MCLEANSVILLE, NC No
02096500 HAW RIVER AT HAW RIVER, NC Yes
02096846 CANE CREEK NEAR ORANGE GROVE, NC Yes
02096960 HAW RIVER NEAR BYNUM, NC Yes
02097280 THIRD FORK CR AT WOODCROFT PARKWAY NR BLANDS, NC Yes
02097314 NEW HOPE CREEK NEAR BLANDS, NC No
0209741955 NORTHEAST CREEK AT SR1100 NR GENLEE, NC Yes
02097464 MORGAN CREEK NEAR WHITE CROSS, NC Yes
02097517 MORGAN CREEK NEAR CHAPEL HILL, NC No
0209782609 WHITE OAK CR AT MOUTH NEAR GREEN LEVEL, NC No

The available gages have an uneven spatial coversgia result of funding and requirements relative
major reservoirs and point source discharges, #jernty of the gages are clustered around the uapear
of Jordan Lake or in the Greensboro area, witivelly few gages in the center of the watershed.

Many factors were considered during the calibragimtess. Gage period of record is important,esinc
not all of the gages were active during the em#lération and corroboration time periods. Figdw2
provides a comparison of flow monitoring availatdethe corroboration and calibration time peridais
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each station. Other factors influence flow recppdsnt sources can be problematic since effluent
volume monitoring data may have gaps, may be agtgddgo monthly averages, and/or may not have
been measured accurately. Upstream impoundmetitaetive management of water levels introduce
uncertainty since detailed time series for watenagg@ment were not used in the model. Upstream
drainage area, land use characteristics, and gikpties also play a significant role in defining
hydrologic response to meteorology. Table 3-5 e contributing area, average point source
contribution, and whether the gage is influencea oyajor reservoir, while Table 3-6 shows percent
impervious area and relative proportion of the B8G classes respectively for the 2001 and 2010 time
periods.

Flow Monitoring Gages Periods of Record

B Corroboration M Calibration

02093800
02093877
0209387778
0209399200
02094500
02094659
02094770
02094775
02095000
02095181
02095271
02095500
0209553650
02096500
02096846
02096960
02097280
02097314
0209741955
02097464
02097517
0209782609

II

1

|

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Figure 3-2. Availability of Flow Monitoring Data Us  ed for Calibration and Corroboration
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Table 3-5. Drainage Area, Point Source Volume, and  Reservoir Influence Upstream of Flow
Monitoring Stations

Stenumuer | conunges | copen SO, | S9fent ppsrean

02093800 20.2

02093877 55

0209387778 9.2

0209399200 16.1

02094500 132 0.1 Yes
02094659 7.3

02094770 15.3

02094775 4.3

02095000 34.4

02095181 9.8

02095271 14.6

02095500 37.1 17.3

0209553650 88.8 57.3

02096500 603 77.6 Yes
02096846 7.6

02096960 1,273 95.9 Yes
02097280 16.6

02097314 75.9 20.0

0209741955 211 12.0

02097464 8.3

02097517 40.6 7.5 Yes
0209782609 12.2
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Table 3-6. Percent Imperviousness and Proportion of HSG Class Upstream
of Flow Monitoring Stations

2001 Land Use/Land Cover 2010 Land Use/Land Cover
Site Number Percent HSG HSG Percent HSG HSG
Impervious Class 1% Class 2° Impervious Class 12 Class 2°
02093800 4.0% 84% 12% 8.2% 80% 11%
02093877 9.8% 78% 12% 21.9% 67% 11%
0209387778 8.6% 81% 11% 19.1% 71% 10%
0209399200 12.3% 54% 34% 24.3% 47% 29%
02094500 5.1% 80% 15% 10.7% 75% 14%
02094659 19.5% 44% 36% 33.4% 36% 31%
02094770 19.6% 22% 58% 30.2% 18% 52%
02094775 15.1% 1% 84% 27.0% 1% 2%
02095000 18.1% 12% 70% 28.0% 10% 62%
02095181 11.1% 62% 26% 19.3% 56% 24%
02095271 12.2% 47% 41% 20.0% 42% 37%
02095500 12.2% 39% 49% 18.8% 35% 46%
0209553650 13.2% 25% 62% 20.7% 23% 57%
02096500 5.0% 56% 39% 9.6% 53% 37%
02096846 0.9% 74% 25% 3.7% 72% 24%
02096960 4.0% 54% 42% 8.0% 52% 40%
02097280 19.6% 27% 53% 31.4% 24% 44%
02097314 10.4% 49% 41% 17.0% 47% 36%
0209741955 13.3% 32% 54% 19.9% 30% 50%
02097464 1.2% 71% 27% 4.4% 69% 27%
02097517 5.7% 71% 24% 10.8% 67% 22%
0209782609 5.6% 70% 25% 13.6% 63% 23%

a. HSG A+B in non-Triassic Basin areas, and HSG A+B+C in Triassic Basin areas
b. HSG C+D in non-Triassic Basin areas, and HSG D in Triassic Basin areas

3.3.2 Hydrologic Calibration Approach

Calibration of the HSPF model is a sequential pgpscbeginning with hydrology, followed by the
movement of sediment, and chemical water quality.

Hydrologic calibration for the Jordan Lake wateshised the standard operating procedures for the
model described in Donigian et al. (1984), Lumble{1994), and USEPA (2000). The general approach
began with replicating the total water balancdpfeéd by adjustments to represent the division betw
high flows (due mostly to surface runoff) and Idevfs (due mostly to subsurface flow). Fine tunivas
then used to adjust the seasonal balance. Cadibnagrformance was tracked using Tetra Tech’s
HydroCal spreadsheet tool, which automaticallyieges model output and generates relevant statistic
and graphical comparisons.
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Initial values for the hydrologic parameters webéamed from the successfully calibrated and védida
High Rock Lake HSPF model created by Tetra TectiZB)) with additional reference to Tetra Tech’s
LSPC model of the Goose and Crooked Creek watesshddecklenburg and Union counties (Tetra
Tech, 2012c). These starting values were cheakecbhsistency with the ranges recommended in
USEPA (2000), and were then varied during calibrato obtain improved fit across the entire sufte o
gaging stations.

Key hydrologic parameters adjusted during calibratncluded the following:

LZSN: The LZSN parameter in HSPF is an index of theglomone nominal soil moisture storage
(inches), where the lower zone is operationallyraef as the depth of the soil profile subject to
evapotranspiration losses. LZSN is related, bteqgaivalent to the available water capacity (AVoCa
soil. It also reflects precipitation charactedsti USEPA (2000) recommends setting initial vakites
one-eighth of annual mean rainfall plus 4 inchesaastal, humid, and sub-humid regions, but alsesno
that this formula tends to yield “values somewhghér than we typically see as final calibratedseal”
The LZSN parameter plays an important role in tteltwater balance and in the low flow simulation.
High values increase the amount of water storédarower zone which is subject to evapotransirati
and therefore reduces baseflow while low valuesadese the amount of stored water subject to
evapotranspiration and therefore increases basefialues used by land use, geologic zone and
hydrologic soil group are provided in Table 3-7.

Table 3-7. LZSN Values by Land Use, Geologic Zone, and Hydrologic Soil Group

Geologic Zone Charlotte Belt Upper Slate Belt Lower Slate Belt Triassic Basin
Hydrologic Soil HSG HSG HSG HSG HSG HSG HSG
Group A+B C+D A+B C+D A+B C+D A+B+C HSG D

Water 0 0 0 0 0 0 0 0
gs;g'ec’ped Open 9 9 9 9 95 95 75 75
Row Crops 9 9 9 9 9.5 9.5 7.5 7.5
Pasture/Grassland 9 9 9 9 9.5 9.5 7.5 7.5
Scrub/Shrub 9 9 9 9 9.5 9.5 7.5 7.5
Forest 9.5 9.5 9.5 9.5 10 10 8 8
Wetland 5 5 5 5 5 5 5 5

INFILT . The INFILT parameter is an index to mean sdiltmtion rate (in/hr), which controls the
overall division of the available moisture from pigtation (after interception) into surface and
subsurface flows. INFILT is not a maximum infiliien rate, nor an infiltration capacity term. As a
result, values of INFILT used in the model are extpé to be much less than published infiltraticesa
or permeability rates shown in the soil surveydnfon the order of 1 to 10 percent of soil surnaues).
USEPA (2000) shows acceptable ranges of INFILTs@k hydrologic groups, ranging from a minimum
of 0.01 in/hr in group D soils to a maximum of inthr in group A soils. Values used by land use,
geologic zone, and hydrologic soil group are predith Table 3-8.
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Table 3-8. INFILT Values by Land Use, Geologic Zone , and Hydrologic Soil Group

Geologic Zone Charlotte Belt Upper Slate Belt Lower Slate Belt Triassic Basin
HSG HSG HSG HSG HSG HSG HSG HSG
Hydrologic Soil Group A+B C+D A+B C+D A+B C+D A+B+C D

Water 0.00007 | 0.00007 | 0.00007 | 0.00007 | 0.00007 | 0.00007 | 0.00007 | 0.00007
Developed Open Space 0.08 0.02 0.1 0.015 0.12 0.007 0.07 0.0055
Row Crops 0.165 0.045 0.1 0.015 0.12 0.007 0.06 0.0035
Pasture/Grassland 0.16 0.040 0.1 0.015 0.12 0.007 0.06 0.0035
Scrub/Shrub 0.17 0.041 0.1 0.015 0.12 0.007 0.06 0.0035
Forest 0.18 0.045 0.1 0.015 0.12 0.007 0.09 0.0055
Wetland 0.00007 | 0.00007 | 0.00007 | 0.00007 | 0.00007 | 0.00007 | 0.00007 | 0.00007

AGWRC and KVARY : The AGWRC parameter is the groundwater recegsiten(/day) and is specified
as the ratio of current groundwater discharge abfilom 24 hours earlier. The overall watershed
recession rate is a complex function of waterslwediitions, including climate, topography, soils and
land use (USEPA, 2000). The KVARY parameter medithe groundwater recession equation to
describe a non-linear recession rate and is used Wie observed groundwater recession shows a
seasonal variability with a faster recession duvieg periods and a slower recession during dryopleri
(USEPA, 2000). The groundwater recession coeffisiavere initially set based on baseflow separation
and graphical analysis of simulated and observeskssion rates and modified throughout the course of
calibration to keep simulated baseflow recessidinmwith observed baseflow recession (Table 3@ a
Table 3-10).

Table 3-9. AGWRC Values by Land Use, Geologic Zone, and Hydrologic Soil Group

Geologic Zone Charlotte Belt Upper Slate Belt Lower Slate Belt Triassic Basin
Hydrologic Soil HSG HSG HSG HSG HSG HSG HSG
Group A+B C+D A+B C+D A+B C+D A+B+C HSG D

Water 0.999 0.999 0.999 0.999 0.999 0.999 0.999 0.999
gggﬁg"ped Open 0.96 0.96 0.95 0.95 0.91 0.91 0.93 0.93
Row Crops 0.97 0.97 0.95 0.95 0.91 0.91 0.93 0.93
Pasture/Grassland 0.97 0.97 0.95 0.95 0.91 0.91 0.93 0.93
Scrub/Shrub 0.98 0.98 0.95 0.95 0.91 0.91 0.93 0.93
Forest 0.985 0.985 0.96 0.96 0.92 0.92 0.94 0.94
Wetland 0.999 0.999 0.999 0.999 0.999 0.999 0.999 0.999
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Table 3-10. KVARY Values by Land Use, Geologic Zone , and Hydrologic Soil Group

Geologic Zone Charlotte Belt Upper Slate Belt Lower Slate Belt Triassic Basin
Hydrologic Soil HSG HSG HSG HSG HSG HSG HSG
Group A+B C+D A+B C+D A+B C+D A+B+C HSG D

Water 0 0 0 0 0 0 0 0
gg;ig’pe‘j Open 0 0 0 0 3 3 1 1
Row Crops 0 0 0 0 3 3 1 1
Pasture/Grassland 0 0 0 0 3 3 1 1
Scrub/Shrub 0 0 0 0 3 3 1 1
Forest 0 0 0 0 4 4 1 1
Wetland 0 0 0 0 0 0 0 0

LZETP : The LZETP parameter is a coefficient to define ¢élvapotranspiration opportunity from the soil
lower zone and is a function of cover type. kssentially a crop coefficient that modifies thaikable
potential evapotranspiration to reflect vegetatiegelopment stage. The parameter controls the
evaporation from the lower (root) zone of the scefaoil profile, which represents the primary soll
moisture storage. Monthly coefficients (MON-LZETWgre specified for all land uses with the lowest
values used in the winter months and the highdaesaised in the summer months (Table 3-11). The
same values were used for each of the geologicszaomé HSGs.

Table 3-11. LZETP parameter values by Land Use

Land Use LZETP
Water 0.43-0.6
Developed Open 0.129-
Space 0.894

0.15-
Row Crops 0.989
0.129-
Pasture/Grassland 0.894
0.171-
Scrub/Shrub 0.989
0.171-
Forest 0.989
0.171-
Wetland 0.989
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BASETP, CEPSC, UZSN, and AGWETP- Remaining soil moisture controls. The simulaetiial
evapotranspiration is calculated by trying to nteetdemand (PET) from five sources in the following
order: 1) BASETP — Active groundwater outflow @skflow, 2) CEPSC — Interception Storage, 3)
UZSN — Upper Zone Storage, 4) AGWETP — Active Gabwater Storage, and 5) LZSN — Lower Zone
Storage. The values used for BASETP are set aurest®.03. Interception storage reflects leahare
development, and the values used for CEPSC varyhtyoand are supplied in Table 3-12. The upper
soil zone nominal storage UZSN is set at a constaoe of 1.2 in, except in the Triassic Basin, wehié

is set at 1.5 in the summer and 1.0 in the wirtexccount for the presence of shrink-swell clays.
AGWETP is set to zero except for wetland land usessistent with the guidance in USEPA (2000).

Table 3-12. CEPSC parameter values by Land Use, Geo logic Zone, and Hydrologic Soil Group

Geologic Zone Charlotte Belt Upper Slate Belt Lower Slate Belt Triassic Basin
Hydrologic Soil HSG HSG HSG HSG HSG HSG HSG
Group A+B C+D A+B C+D A+B C+D A+B+C HSG D
Water 0-0 0-0 0-0 0-0
Developed Open
Space 0.05-0.15 | 0.05-0.15 | 0.05-0.15 | 0.05-0.15 | 0.05-0.15 | 0.05-0.15 | 0.05-0.15 0.05-0.15
0.017- 0.017- 0.017- 0.017- 0.017- 0.017-
Row Crops 0.25 0.25 0.25 0.25 0.25 0.25 0.012-0.2 0.012-0.2
0.01- 0.01- 0.01- 0.01- 0.01- 0.01- 0.01-
Pasture/Grassland 0.098 0.098 0.098 0.098 0.098 0.098 0.01-0.078 0.078
Scrub/Shrub 0.013-0.2 | 0.013-0.2 | 0.013-0.2 | 0.013-0.2 | 0.013-0.2 0.013-0.2 | 0.013-0.2 0.013-0.2
Forest 0.013-0.2 | 0.013-0.2 | 0.013-0.2 | 0.013-0.2 | 0.013-0.2 | 0.013-0.2 | 0.013-0.2 0.013-0.2
Wetland 0.013-0.2 | 0.013-0.2 | 0.013-0.2 | 0.013-0.2 | 0.013-0.2 | 0.013-0.2 | 0.013-0.2 0.013-0.2
Impervious (all) 0.05-0.2 0.05-0.2 0.05-0.2 0.05-0.2

Initial parameterization (obtained from the HighdRd.ake HSPF simulation) resulted in over-predittio
at all gages during low flows and under-predictiogh flows. This required reductions to INFILT and
increases to LZSN in order to balance these floifger bringing the high and low flow simulation neo
in-line the model was generally overestimatingltetdume. This required increasing the amount of
simulated ET, primarily by introducing a multiplien the specified PET to account for uncertairines
the Hamon method estimates (Table 3-13). Thisditbsimulated total volume more in line with
observed total volume and a reasonable water bala@oce these changes were made, INFILT and
LZSN in concert with AGWRC and KVARY were once agaptimized to improve fit. Lastly, small
monthly changes in LZETP and CEPSC were employdidédune the calibration to better match
seasonal trends.
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Table 3-13. Atmospheric Forcing Files PET Multiplie  rs

Weather File Name Station Name PET Multiplier
313630.air GREENSBORO WSO AIRPORT 1
317202.air REIDSVILLE 2 NW 1.25
313919.air HAW RIVER 1 E 1.25
313555.air GRAHAM 2 ENE 1.25
317924 .air SILER CITY 2N 1.25
311677.air CHAPEL HILL 2 W 1.5
317069.air RALEIGH DURHAM WSFO AP 1.5
310212.air APEX 1.25
317656.air SANFORD 8 NE 1.5

3.4 WATER QUALITY CALIBRATION PROCESS

3.4.1 Monitoring Data

Both DWQ through their Ambient Monitoring SystemG@ANMBNT) and the Upper Cape Fear River
Basin Association (UCFRBA) have monitoring statiomghe Lake Jordan watershed. Additional
monitoring has been conducted by USGS and somejlotsadictions. All of the NCAMBNT and
UCFRBA water quality data is stored in EPA STORET.

Water quality data were obtained from the USGSdvati Water Information System (NWIS) and
provided by DWQ from EPA STORET, all of which soescare deemed quality assured per the QAPP.
Similar to the hydrology data, USGS NWIS water gyalata and associated remark codes were
downloaded into an Excel spreadsheet. QA/QC wesernpeed by spot checking a fraction of the data
points downloaded for each station. Constituetda @ temperature, dissolved oxygen, sediment,
nutrients, and chlorophyd were retrieved for each station selected to bleidteel for calibration and
corroboration. The resultant EPA STORET export prasessed with Excel and put into a format that is
easily transferrable to pre-established water tyuedilibration tools. Data codes from both thdeszilon
agency and the analyzing agency were preserveshfdr date and constituent. QA/QC was performed
by spot checking the formatted data with the oagdata obtained from STORET.

There were 35 unique station locations selectedderin calibrating and validating the Jordan Lake
watershed model. To aid in the presentation ofékalts the stations have been separated inte thre
groups. Stations associated with USGS flow gagae wf primary interest to the water quality
calibration due to co-location of flow and wateatity samples which provided the best opporturity f
proper calculation of pollutant load, therefore éndeen placed in thé/Primary group. Stations with
limited or no influence by upstream point sourceseralso deemed important for estimation of nortpoin
pollutant contributions, and were placed in tA&Qecondary group. Finally, all station locatioms im

the primary or secondary groups were placed irecffiTertiary group. (Note that station B3670000
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was moved from the tertiary to the secondary gtougdlow the results for the tertiary group to be
displayed in a single page format.)

Table 3-14 provides the list of station locatiosed, the group that it was placed in, the genenabg of
data located at each location and the calibratnhcarroboration periods used for each locatios. A
stated in the QAPP (Tetra Tech, 2012a), for thenidéd applications of the model it is important to
demonstrate that adequate performance is achievdubth the baseline condition (1997-2001) and
current conditions through 2012. Calibration and@boration time periods for water quality are
selected as 1997-2004 or 2005-2012, or the availadaliods within that range. To help ensure tb#t b
time periods are fit well, some stations use 12004 as the calibration period and other statians (
located downstream of the first group) use 2005224 the calibration period. Figure 3-3 provides t
spatial location of the primary, secondary, antider station locations for water quality calibrati

Table 3-14. Water Quality Stations used for Calibra  tion and Corroboration

Map Calibration Corroboration

Key Agency Station ID Location Group Period Period
1 NCAMBNT B0040000 HAW RIV AT SR 2109 NR OAK RIDGE 2" 1997 - 2004 2005 - 2012
2 UCFRBA B0050000 HAW RIV AT US 29 BUS NR BENAJA 2" 1997 - 2004 2005 - 2012
TROUBLESOME CRK AT US 29 BUS NR nd
3 UCFRBA B0070010 REIDSVILLE 2 2005 - 2012 2000 - 2004
4 NCAMBNT B0160000 LITTLE TROUBLESOME CRK AT SR 2600 3" 2005 - 2012 1997 - 2004

NR REIDSVILLE

HAW RIV AT SR 2620 HIGH ROCK RD NR rd
5 UCFRBA B0170000 WILLIAMSBURG 3 2000 - 2004 2005 - 2012

6 NCAMBNT B0210000 HAW RIV AT SR 1561 NR ALTAMAHAW 2" 1997 - 2004 2005 - 2012

REEDY FORK AT SR 2719 HIGH ROCK RD st
7 UCFRBA B0400000 NR MONTICELLO 1 2005 - 2011 2002 - 2004

N BUFFALO CRK AT N BUFFALO CRK

8 UCFRBA | B0480050 | WWTP INFLUENT CONDUIT PIER AT | 2 | 2002-2004 | 2005 -2011
GREENSBORO
9 | NCAMBNT | B0540000 '(\‘;REBEU,\'IZSFBA('SgO CRK AT SR 2832 NR| 4« | 1997.2004 | 2005- 2012
N BUFFALO CRK AT SR 2770 HUFFINE | .«
10 | UCFRBA | Bos4oos0 | BUFFALO TRK AF OR 2 3 2000 - 2004 | 2005 - 2012
S BUFFALO CRK AT SR 3000 | .«
11 | UCFRBA | BO670000 | 5 BUFFALO SCRK AT SR 1 2005-2011 | 2000 - 2004
NCAMBNT/ S BUFFALO CRK AT SR 2821 AT | .
12 | NCAMBNT | Bo7soo00 | = BUFFALO 3 2005-2012 | 1997 - 2004
13 | NCAMBNT | BO0840000 | REEDY FORK AT NC 87 AT OSSIPEE 3¢ | 1997-2004 | 2005 - 2012

HAW RIV AT SR 1530 GERRINGER MILL rd
14 UCFRBA B0850000 RD NR OSSIPEE 3 2000 - 2004 2005 - 2010

JORDAN CRK AT SR 1754 NR UNION

15 NCAMBNT B1095000 RIDGE 2" 1997 - 2004 2005 - 2012
16 NCAMBNT B1140000 HAW RIV AT NC 49N AT HAW RIVER 1% 1997 - 2004 2005 - 2012
17 UCFRBA B1200000 HAW RIV AT NC 54 NR GRAHAM 3¢ 1997 - 2004 2005 - 2012
18 NCAMBNT B1260000 TOWN BRANCH AT SR 2109 NR GRAHAM 2" 2005 - 2012 1997 - 2004

HAW RIV AT SR 2158 SWEPSONVILLE RD rd
19 UCFRBA B1440000 NR SWEPSONVILLE 3 1997 - 2004 2005 - 2011

BIG ALAMANCE CRK AT NC 87 NR nd
20 UCFRBA B1940000 SWEPSONVILLE 2 2000 - 2004 2005 - 2011
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Map n n Calibration Corroboration
Key Agency Station ID Location Group Period Period

NCAMBNT/ ALAMANCE CRK AT SR 2116 AT | .n
21 | NGAMBNT | Biosoooo | ALAMATIE SR 2 1997 - 2004 | 2005 - 2012
22 | NCAMBNT | B1980000 | HAW RIV AT SR 2171 AT SAXAPAHAW 3¢ | 2000-2004 | 2005 - 2012
23 | UCFRBA | B2000000 | HAW RIV AT SR 1005 NR SAXAPAHAW 3¢ | 1097-2004 | 2005 - 2011
NCAMBNT/
24 | UCFRBA/ nggggggo”’ HAW RIV AT SR 1713 NR BYNUM 1% | 1997-2004 | 2005 - 2012
USGS
25 | UCFRBA | B3020000 | NEW HOPE CRK AT NC 54 NR DURHAM 2 | 2000-2004 | 2005 - 2011
26 | UCFRBA | B3025000 | THIRD FORK CRK AT NC 54 NR DURHAM 1% | 2005-2012 | 1997 - 2004
NCAMBNT/ | 53640000 + “
27 | ucFrRBA/ | BS40000* | NEW HOPE CRK AT SR 1107 NR BLANDS 1 1997 - 2004 | 2005 - 2012
USGS
28 | UCFRBA | B3300000 gg?\ILHIE¢PST CRK'AT SR 1102 SEDWICK | 5ma | 5600_2004 | 2005 - 2011
NCAMBNT/ | B3660000 + | NORTHEAST CRK AT SR 1100 NR «
29 USGS 0209741955 | NELSON 1 1997 -2004 | 2005 - 2012
30 | UCFRBA | B3670000 | noRTHEAST CRK AT SR178L O KELLY | o | 19972004 | 2005 - 2011
MORGAN CRK AT MASON FARM WWTP .
31 | UCFRBA | B3sgo1go | MORSAN CRIC AT MASON | 1 2000 - 2004 | 2005 - 2011
32 NSé,’;"RBBNAT "1 B3900000 '\F"EQRE\TQETOERK AT SR 1726 NR | o | 1997.2004 | 2005 - 2012
33 USGS 02096846 | CANE CREEK NEAR ORANGE GROVE, NC | 1% | 1997-2004 | 2005 - 2012
34 USGS 02007464 | NORGAN CREEK NEAR WHITE CROSS. |yt | 19972004 | 2005 - 2012
35 USGS 0209782609 XVE'?/';E ﬁACK CR AT MOUTH NEAR GREEN | 45t | 5005 2012 | 1999 - 2004
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Figure 3-3. Spatial Location of Water Quality Prima  ry, Secondary, and Tertiary Stations
Note: See Table 3-14 for key to stations.

3.4.2 Water Quality Calibration Approach

Model calibration for water quality depends on tojdgy, and any uncertainties in the hydrologic
calibration can be expected to propagate into themguality simulation. Water quality calibratiisn
also inherently more difficult than hydrology calition. Water quality simulation must represent a
complex set of multiple interacting processes.tlarr the data available for water quality simalatare
generally less precise and less numerous than ghasiable for hydrologic calibration. Unlike flow
continuous measurement of water quality is notlakilg at any monitoring station in the Jordan
watershed. While significant effort and expense lieen invested in water quality monitoring, resale
available only for limited snapshots in time. Thest intensively monitored stations have, at best,
biweekly sampling. A challenge is thus to fit antiouous model to a limited number of discrete pxin
recognizing that differences between model premhistiand observations could reflect either a subgean
difference or merely a small shift in the timinglo&ds. A further challenge is that nutriévdd, which is
the ultimate objective of the modeling, is not dihg observed, but must be inferred from limited
concentration data and flow, which can introducestaerable uncertainty into the calibration targeor
these reasons a perfect fit is not expected aneé:hwatibration must be evaluated using a statistica
approach, as described in the QAPP (Tetra Tecl2a@01Further, past experience with the application
similar models and best professional judgment asdsonable ranges of model parameters must be
applied.
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As described above in Section 2.4.4, water quphivameters (for a given land use and HSG) can be
specified separately on a geographic and geolagisithrough use of group DEFIDs and the HSG
numbers as follows (refer back to Figure 2-14):

¢ Charlotte Belt (DEFID 1)

e Upper Slate Belt (DEFID 2)

* Lower Slate Belt (DEFID 3 with HSG =1 or 2)
» Triassic Basin (DEFID 3 with HSG= 4 or 5).

This approach provides flexibility to the model amas particularly important for the hydrologic
calibration; however, it also introduces a riskspirious over-fitting to limited data. Therefotleg
majority of water quality parameters for nutriewtsre kept constant by land use (specifically, sedim
potency, nutrient buildup, and nutrient washoffgmaeters were set constant by land use). Parameters
controlling sediment erosion were based on avesageharacteristics by HSG, based on the analysis
described below, but not otherwise varied by gguigialocation. However, the impacts of all water
quality parameters do vary with the geologic digions in hydrology parameters described above.

One area in which there was an evident need fagrgebic distinction was the background groundwater
concentration pattern for nitrate-plus-nitrite Specifically, it was evident during the calibratiibrat
concentrations were generally lower in the Tria8gsin than in the remainder of the watersheds Thi
likely reflects longer residence time and greasiwlification capacity in the slowly permeablelsaf

the Triassic Basin, and differences in concentngtivere introduced accordingly.

3.4.2.1 Sediment Calibration Approach

Sediment is one of the most difficult water quapigrameters to accurately simulate with watershed
models because observed instream concentratioendem the net effects of a variety of upland and
stream reach processes. During calibration sedipsameters were adjusted in accordance with
guidelines established in EPA BASINS Technical N&it8ediment Parameters and Calibration
guidance to HSP (USEPA, 2006) an8ediment Calibration Procedures and Guidelines/#atershed
Modeling(Donigian and Love, 2003). Sediment calibratisadia weight of evidence approach. The
first step in calibration involved setting chanasbsion to values that achieve a reasonable fit to
observations when upland erosion is held to reddenalues consistent with the literature and soll
survey data. Second, the long-term behavior ahest in channels was constrained to a reasonable
representation in which degradation or aggradatimounts are physically realistic and consisterth wit
available local information. Finally, results frafetailed local stream studies (e.g., Third For&eRj)
were used to further ensure that the model pro\adesisonable representation in specific areas.

The upland parameters for sediment were relatedit@and topographic properties. The LSPC model
does not use the USLE for sediment simulation; vanesome of the parameters used in LSPC are
similar to those in the USLE. LSPC erosion paransetor pervious land covers were estimated based o
a theoretical relationship between LSPC algoritmd documented soil parameters, ensuring
consistency in relative estimates of erosion basesbil type and cover. LSPC calculates the deteci
rate of sediment by rainfall (in tons/acre) as

DET = (1-COVERCSMPFKRERP*?

whereDET is the detachment rate (tons/acf@DVERIs the dimensionless factor accounting for the
effects of cover on the detachment of soil parsicBVPFis the dimensionless management practice
factor,KRERIs the coefficient in the soil detachment equatliRERIs the exponent in the soil
detachment equation, which is recommended to b® 4e81, andP is precipitation depth in inches over
the simulation time interval. Actual detached seatit storage available for transp@g&TS is a

TETRATECH
91




Jordan Watershed Model July 2014

function of accumulation over time and the reincogpion rate AFFIX. The equation foODET is
formally similar to the USLE equation (WischmeiedeSmith, 1978) wherRE is the rainfall erosivity,
K is the soil erodibility facton,.Sis the length-slope factog is the cover factor, ar@is the practice
factor,

RE-K-LS-C-.P

USLE predicts sediment loss from one or a series/ents at the field scale, and thus incorporates |
transport as well as sediment detachment. Fage kvent with a significant antecedent dry perioid,
reasonable to assume tRET=DETSIif AFFIX is greater than zero. Further, during a largengve
sediment yield at the field scale is assumed tintited by supply, rather than transport capacitinder
those conditions, the USLE vyield from an event sthapproximateDET in HSPF.

With these assumptions, the HSPF vari@MPFmay be taken as fully analogous to the U$LEactor.
The complement dEOVERIs equivalent to the USLE factor (i.e., (1 COVER =C). This leaves the
following equivalence (givedRER= 1.81):

KRERP®*f = REIK LS, or

KRER = RE K D—%m

The empirical equation of Richardson et al. (1983jurther tested by Haith and Merrill (1987) giaas
expression foRE (in units of MJ-mm/ha-h) in terms of precipitation

RE = 6460, [R*,

whereR is precipitation in cm ang is an empirical factor that varies by location aedson. As shown
in Haith et al. (1992), the expression RIE can be re-expressed in units of metric tons/ha as:

RE = 0132646, [R*™.

This relationship suggests that the HSPF exporneptecipitation JRER should be set to 1.81.

The remainder of the terms in the calculatioR&must be subsumed into tKRERterm of HSPF, with
a units conversion. WritinBEin terms of tons/acre and using precipitatiomichies:

RE(tons/ac) = [01320064.6 (A, ]P (in)** O(254 cm/in)*** [(1ton/ac)/ (224 tonnes/ ha)

The average value fe for this part of North Carolina (USLE Region 28)3.225 (Selker et al., 1990),
yielding

RE= 4629P#

The power term for precipitation can then be ela@d from the equation f®RER leaving the
following expression (English units) in terms o tdSLE K factor:

KRER = 4629(K [LS

TheK factor is available directly from soil surveys,ilgltheLS factor can be estimated from slope, using
the expression of Wischmeier and Smith (1978):

LS=(0045L)° ({6541sir? 6, + 456sind, + 0069, where

0 = tari* (§100),Sis the slope in percerit,is the slope length (in meters), amthkes the following
values: 0.5 foS> 5, 0.4 for 3.5 S< 5, 0.3 for I S< 3, and 0.2 fo< 1.
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This approach establishes valuesK&ERthat are consistent with USLE information. Sediime
calibration is then pursued primarily by modifyitige transport coefficienKSER. It should be noted
that Donigian and Love (2003) recommend setdRERdirectly equal to the USLK factor. As was
seen from the discussion above, this is theoréticadorrect, althougiKRERwill be proportional tK,
depending on slope. Because a different appraasbad here, the “typical’ ranges KIRERandKSER
cited by Donigian and Love are not applicable.

OnceKRERiIs established, the primary upland calibratiorapazeter for sediment ISSER which
determines the ability of overland flow to trandpietached sediment. Sediment yield varies as a
function of erodibility, slope, and hydrology.

Key parameters controlling sediment transport wigireams and rivers are as follows (Donigian and
Love (2003) :

KSAND: Sand transport is represented with a power fandiased on velocity. KSAND, the
coefficient in the sand load power function, watsted.1 to start calibration and adjusted to imprthe
comparison between simulated and observed sane@wtvatons.

TAUCD: LSPC calculates bed shear stress (TAU) durieh ezodel time step for each individual reach.
The critical bed shear stress for deposition @préipresents the energy level below which cohesive
sediment (silt and clay) begins to deposit to thé. bValues of TAUCD for silt and clay were estigtat

on a reach-group basis by examining the cumulaistibution function of simulated shear stress and
setting the parameter to a lower percentile ofdis&ibution in each reach segment, as recommebged
Donigian and Love. The™percentile was used for clay and th& pércentile for silt.

TAUCS: The critical bed shear stress for scour (ptitpresents the energy level above which scour of
cohesive sediment begins. Initial values of TAU@Se set, as recommended, at upper percentilée of t
distribution of simulated shear stress in eachhr¢d® 8%' percentile for clay and the 9@ercentile for
silt). Values for some individual reaches weresagiuently modified during calibration.

M: The erodibility coefficient of the sediment (/d) determines the maximum rate at which scour of
cohesive sediment occurs when shear stress eXC&&HSS. This coefficient is a calibration parameter
It was initially set to 0.01 and adjusted duringjlmation to be 0.001 in most reaches and 0.00%nioeh
run-of-river dams where additional fine sedimesuspension loads appear to be generated during high
flow events.

In LSPC reaches are assigned to groups (RGID)tendand, silt, and clay parameter values are ®gpli
for each of those groups. Reaches were assigrggoups based on Strahler (1957) stream order.
Additionally, low head dams within the Strahlerestm group were grouped together and put into gogrou
separate from the original Strahler grouping. lyastach lake was given its own unique reach group.
The final 22 reach groups are provided in Tablé3-1
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Table 3-15. Reach Group Assignments based on Strahl  er Stream Order.

RGID Description RGID Description
1 Strahler 1 12 Lake Brandt
2 Strahler 2 13 Lake Jeannette
3 Strahler 3 14 Lake Townsend
4 Lowhead3 15 Lake Hunt
5 Strahler4 16 Lake Reidsville
6 Lowhead4 17 Lake Mackintosh
7 Strahler5 18 Lake Cammack
8 Lowhead5 19 Old Stony Creek Reservoir
9 Strahler6 20 Quaker Creek Reservoir
10 Lowhead6 21 Cane Creek Reservoir
11 Lake Higgins 22 University Lake

A representative reach was selected to calibraténtream sediment simulation for each group byali
inspection of the simulated output for suspendettentrations, bed storage, and scour and deposition
each sediment class. The goal of parameterizimgakfficient and exponent for the sand simulatvas
to try to maintain 0.5 to 1 mg/L suspended santiénstream during baseflow conditions. Therefore,
calibration focused on calibrating the coefficiantl exponent to provide transport capacity sufficie
enough to maintain small sand concentrations duoiwgvelocity situations. The goals of parametegdz
the threshold values for silt and clay deposit sewlr were to have scour during high flow events an
deposition during low flow events. Simulated bbedar stress TAU values were summarized for each
reach group by 1) finding the maximum, average immirm and percentiles by increments of 5 for each
individual reach and 2) averaging the maximumsrayes, minimums, and percentiles for the reaches
contained within each group. Values in th& @ 90" percentile range became TAUCS and values in the
25" to 10" percentile range became TAUCD. Using these raafjeslues ensured the most of the time
the reaches were simply transporting silt and blatyduring the extremely high flow events they were
scouring material from the bed and during timeexifemely low flow they were depositing material to
the bed.

3.4.2.2 Nutrients Calibration Approach

Nutrient calibration relies on matching both sintethinstream concentration and nutrient load to
observed instream concentrations and estimated [datike sediment, instream nutrient concentration
are generally more dependent on upland loadingahanstream processes, except in lakes and
reservoirs with long residence times.

Initial values for nutrient parameters were obtdifrem the High Rock Lake HSPF model. Initial mbde
runs revealed that Ammonia-N and Nitrate+Nitritdrdim upland sources were over-estimated in the
Jordan watershed as compared to the observed Eias. interflow and groundwater concentrations of
Ammonia-N and Nitrate+Nitrite-N were reduced wipleserving the seasonal trends and magnitude
differences between land uses as determined iHifleRock Lake calibration. Initial model runsals
revealed Ortho Phosphate concentrations were wstienated from upland sources; therefore interflow
and ground water concentrations were increasedttertimatch the observed data. After bringing
Ammonia-N, Nitrate+Nitrite-N, and Ortho Phosphat@centrations more in line, the calibration turned
to the instream organic nutrient simulations. Tuael run with initial parameters revealed reldtive
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acceptable organic nutrient results but some adgrsts were made. Concentrations of organic nusrient
are largely driven by the fractionation of uplamdamic matter into organic constituents as it exiiee
reach, and the fractions are specified as modehpeters. The organic nitrogen fraction was reduced
slightly and organic phosphorus fraction was sligimncreased.

The next step was to verify that unit area loadaigs were reasonable compared to literature values
After ensuring reasonable upland loading rateshredion to instream observations was carried out t
refine the simulation through further adjustmenotganic matter fractionation, adjustment of organi
matter settling rates and decay, bottom sedimemterdrations of phosphorus and ammonium, and the
growth of free floating and attached algae.

Phosphorus calibration to concentrations obsenvetiréams was undertaken using a weight-of-evidence
approach, with checks for biases relative to flow aeason. As with sediment, comparison was also
made to monthly load series estimated via a sidtiegression approach. While nonpoint loading of
phosphorus is generally associated with sedimeethoajor difference from the suspended sediment
calibration is that the phosphorus balance in sstm@gams in the Jordan Lake watershed is dominated b
point source discharges. The accuracy with whieftiime series of point source loading are known
imposes a fundamental limitation on the calibratiothese areas.

The total nitrogen calibration uses the same géapm@oach described above, but is much more
dependent on the specification of subsurface cdrat@ns. These were set as monthly patternsry la
cover. Similar to phosphorus, the low flow nitraggncentration in some area streams is dominated b
point source discharges.

The nitrogen calibration is more complex than thaphosphorus, as three major groups (nitrate-N,
ammonia-N, and organic-N) are simulated. The catiibn endeavored to optimize fit to total N while
also maintaining an accurate representation ofdlative magnitude of these components.

The sediment potency and build-up/washoff pararsetere initialized based on past experience and
revised as needed during the calibration procé&ks. first step was to verify that unit area loadiatgs
were reasonable compared to literature valueseswithed in Section 4.2.1. Next, calibration tstieam
observations was carried out to refine the simomatihrough adjustment of organic matter settlirtgsa
bottom sediment concentrations of phosphorus amdamum, and the growth of
periphyton/macrophytes. Plant growth has an ingmbréffect on nutrient balances during low flow
conditions; therefore, nitrogen and phosphorus thestalibrated simultaneously.

The key parameters controlling the upland nutrsgmiulation are listed below:

MON-ACCUM - The monthly varying assignment of the build-up ocwamulation rate of a constituent
on the land surface (Ib/acre/day). This parameter used for Ammonia-N and Nitrate+Nitrite-N fok al
land uses and varied by month. This parameteraigasused for Organic Matter and Orthophosphate-P
for impervious land uses but held constant acrasstins. The parameter value range for Ammonia-N by
land use, geologic zone, and hydrologic soil gratgprovided in Table 3-16. The parameter value
ranges for Nitrate+Nitrite-N by land use, geologime, and hydrologic soil group are provided inl&ab
3-17. For both Ammonia-N and Nitrate+Nitrite-N timonthly values are identical between geologic
zones and HSG types. The parameter values for @rlyaaiter and Orthophosphate-P for impervious
land uses, by geologic zone, are provided in Tadl8.

MON-SQOLIM - The monthly varying upper limit value beyond whacleonstituent can no longer
accumulate on a surface (Ib/acre). This parammesrused for Ammonia-N and Nitrate+Nitrite-N for al
land uses and varied by month. This parameteragasused for Organic Matter and Orthophosphate-P
for impervious land uses but held constant. Tharpater value ranges for Ammonia-N by land use,
geologic zone, and hydrologic soil group are predith Table 3-19. The parameter value ranges for
Nitrate+Nitrite-N by land use, geologic zone, aydiologic soil group are provided in Table 3-2(r F
both Ammonia-N and Nitrate+Nitrite-N the monthlylwes are identical between geologic zones and
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HSG types. The parameter values for Organic MatterOrthophosphate-P for impervious land uses, by
geologic zone, are provided in Table 3-21.

POTFW - The specification of constituent mass per sedimass (Ib/ton). As stated above, sediment
potencies were specified for Organic matter anth@pthosphate-P for pervious lands. The parameter
values for Organic Matter and Orthophosphate-Pé&ovious land uses by land use and geologic zane ar
provided in Table 3-22.
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Table 3-16.

MON-ACCUM Values for Ammonia (as N) by Land Use, Geologic Zone, and Hydrologic Soil Group

Geologic Zone Charlotte Belt Upper Slate Belt Lower Slate Belt Triassic Basin
Hydrologic Soil Group HSG A+B HSG C+D | HSG A+B HSG C+D | HSG A+B HSG C+D HSG A+B+C HSG D
Water 0-0 0-0 0-0 0-0
0.0045- 0.0045- 0.0045- 0.0045- 0.0045- 0.0045- 0.0045-
Developed Open Space 0.00585 0.00585 0.00585 0.00585 0.00585 0.00585 0.0045- 0.00585 0.00585
0.00945- 0.00945- 0.00945- 0.00945- 0.00945- 0.00945- 0.00945- 0.00945-
Row Crops 0.011925 0.011925 0.011925 0.011925 0.011925 0.011925 0.011925 0.011925
0.007425- 0.007425- 0.007425- 0.007425- 0.007425- 0.007425- 0.007425- 0.007425-
Pasture/Grassland 0.009225 0.009225 0.009225 0.009225 0.009225 0.009225 0.009225 0.009225
0.00405- 0.00405- 0.00405- 0.00405- 0.00405- 0.00405- 0.00405- 0.00405-
Scrub/Shrub 0.00495 0.00495 0.00495 0.00495 0.00495 0.00495 0.00495 0.00495
0.00405- 0.00405- 0.00405- 0.00405- 0.00405- 0.00405- 0.00405- 0.00405-
Forest 0.00495 0.00495 0.00495 0.00495 0.00495 0.00495 0.00495 0.00495
0.00405- 0.00405- 0.00405- 0.00405- 0.00405- 0.00405- 0.00405- 0.00405-
Wetland 0.00495 0.00495 0.00495 0.00495 0.00495 0.00495 0.00495 0.00495
NCDOTPRIMARY Impervious 0.0054 0.0054 0.0054 0.0054
NCDOTSECONDARY Impervious 0.002025 0.002025 0.002025 0.002025
High Intensity Impervious 0.0027 0.0027 0.0027 0.0027
Low Intensity Impervious 0.0027 0.0027 0.0027 0.0027
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Table 3-17.

MON-ACCUM Values for Nitrate+Nitrite (  as N) by Land Use, Geologic Zone, and Hydrologic So

il Group

Geologic Zone

Charlotte Belt

Upper Slate Belt

Lower Slate Belt

Triassic Basin

Hydrologic Soil Group HSG A+B HSG C+D HSG A+B HSG C+D HSG A+B HSG C+D HSG A+B+C HSG D
Water 0-0 0-0 0-0 0-0
0.0105- 0.0105- 0.0105- 0.0105- 0.0105- 0.0105- 0.0105-
Developed Open Space 0.01365 0.01365 0.01365 0.01365 0.01365 0.01365 0.0105- 0.01365 0.01365
0.02205- 0.02205- 0.02205- 0.02205- 0.02205- 0.02205- 0.02205- 0.02205-
Row Crops 0.027825 0.027825 0.027825 0.027825 0.027825 0.027825 0.027825 0.027825
0.017325- 0.017325- 0.017325- 0.017325- 0.017325- 0.017325- 0.017325- 0.017325-
Pasture/Grassland 0.021525 0.021525 0.021525 0.021525 0.021525 0.021525 0.021525 0.021525
0.00945- 0.00945- 0.00945- 0.00945- 0.00945- 0.00945- 0.00945- 0.00945-
Scrub/Shrub 0.01155 0.01155 0.01155 0.01155 0.01155 0.01155 0.01155 0.01155
0.00945- 0.00945- 0.00945- 0.00945- 0.00945- 0.00945- 0.00945- 0.00945-
Forest 0.01155 0.01155 0.01155 0.01155 0.01155 0.01155 0.01155 0.01155
0.00945- 0.00945- 0.00945- 0.00945- 0.00945- 0.00945- 0.00945- 0.00945-
Wetland 0.01155 0.01155 0.01155 0.01155 0.01155 0.01155 0.01155 0.01155
NCDOTPRIMARY Impervious 0.0126 0.0126 0.0126 0.0126
NCDOTSECONDARY Impervious 0.004725 0.004725 0.004725 0.004725
High Intensity Impervious 0.0063 0.0063 0.0063 0.0063
Low Intensity Impervious 0.0063 0.0063 0.0063 0.0063
Table 3-18. MON-ACCUM Values for Organic Matter and  Orthophosphate-P by Impervious Land Use and Geolog  ic Zone

Geologic Zone

Charlotte Belt

Upper Slate Belt

Lower Slate Belt

Triassic Basin

Constituent ORG MAT PO4 ORG MAT PO4 ORG MAT PO4 ORG MAT PO4
NCDOTPRIMARY Impervious 0.6248 0.00495 0.6248 0.00495 0.6248 0.00495 0.6248 0.00495
NCDOTSECONDARY Impervious 0.6248 0.00605 0.6248 0.00605 0.6248 0.00605 0.6248 0.00605
High Intensity Impervious 0.6248 0.0055 0.6248 0.0055 0.6248 0.0055 0.6248 0.0055
Low Intensity Impervious 0.6248 0.0055 0.6248 0.0055 0.6248 0.0055 0.6248 0.0055
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Table 3-19. MON-SQOLIM Values for Ammonia (as N) by Land Use, Geologic Zone, and Hydrologic Soil Group

Geologic Zone

Charlotte Belt

Upper Slate Belt

Lower Slate Belt

Triassic Basin

Hydrologic Soil Group HSG A+B HSG C+D HSG A+B HSG C+D HSG A+B HSG C+D HSG A+B+C HSG D
Water 0-0 0-0 0-0 0-0
0.027- 0.027- 0.027- 0.027- 0.027- 0.027- 0.027-
Developed Open Space 0.0351 0.0351 0.0351 0.0351 0.0351 0.0351 0.027- 0.0351 0.0351
0.06075- 0.06075- 0.06075- 0.06075- 0.06075- 0.06075- 0.06075-
Row Crops 1.35 1.35 1.35 1.35 1.35 1.35 0.06075- 1.35 1.35
0.04455- 0.04455- 0.04455- 0.04455- 0.04455- 0.04455- 0.04455- 0.04455-
Pasture/Grassland 0.05535 0.05535 0.05535 0.05535 0.05535 0.05535 0.05535 0.05535
0.0243- 0.0243- 0.0243- 0.0243- 0.0243- 0.0243- 0.0243-
Scrub/Shrub 0.0297 0.0297 0.0297 0.0297 0.0297 0.0297 0.0243- 0.0297 0.0297
0.0243- 0.0243- 0.0243- 0.0243- 0.0243- 0.0243- 0.0243-
Forest 0.0297 0.0297 0.0297 0.0297 0.0297 0.0297 0.0243- 0.0297 0.0297
0.0243- 0.0243- 0.0243- 0.0243- 0.0243- 0.0243- 0.0243-
Wetland 0.0297 0.0297 0.0297 0.0297 0.0297 0.0297 0.0243- 0.0297 0.0297
NCDOTPRIMARY Impervious 0.0387 0.0387 0.0387 0.0387
NCDOTSECONDARY Impervious 0.014512 0.014512 0.014512 0.014512
High Intensity Impervious 0.01935 0.01935 0.01935 0.01935
Low Intensity Impervious 0.01935 0.01935 0.01935 0.01935
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Table 3-20. MON-SQOLIM Values for Nitrate+Nitrite ( as N) by Land Use, Geologic Zone, and Hydrologic So il Group
Geologic Zone Charlotte Belt Upper Slate Belt Lower Slate Belt Triassic Basin
Hydrologic Soil Group HSG A+B HSG C+D | HSG A+B HSG C+D | HSG A+B HSG C+D HSG A+B+C HSG D
Water 0-0 0-0 0-0 0-0
0.063- 0.063- 0.063- 0.063- 0.063- 0.063- 0.063-
Developed Open Space 0.0819 0.0819 0.0819 0.0819 0.0819 0.0819 0.063- 0.0819 0.0819
0.14175- 0.14175- 0.14175- 0.14175- 0.14175- 0.14175- 0.14175-
Row Crops 3.15 3.15 3.15 3.15 3.15 3.15 0.14175- 3.15 3.15
0.10395- 0.10395- 0.10395- 0.10395- 0.10395- 0.10395- 0.10395- 0.10395-
Pasture/Grassland 0.12915 0.12915 0.12915 0.12915 0.12915 0.12915 0.12915 0.12915
0.0567- 0.0567- 0.0567- 0.0567- 0.0567- 0.0567- 0.0567-
Scrub/Shrub 0.0693 0.0693 0.0693 0.0693 0.0693 0.0693 0.0567- 0.0693 0.0693
0.0567- 0.0567- 0.0567- 0.0567- 0.0567- 0.0567- 0.0567-
Forest 0.0693 0.0693 0.0693 0.0693 0.0693 0.0693 0.0567- 0.0693 0.0693
0.0567- 0.0567- 0.0567- 0.0567- 0.0567- 0.0567- 0.0567-
Wetland 0.0693 0.0693 0.0693 0.0693 0.0693 0.0693 0.0567- 0.0693 0.0693
NCDOTPRIMARY Impervious 0.0903 0.0903 0.0903 0.0903
NCDOTSECONDARY Impervious 0.033862 0.033862 0.033862 0.033862
High Intensity Impervious 0.04515 0.04515 0.04515 0.04515
Low Intensity Impervious 0.04515 0.04515 0.04515 0.04515

Table 3-21. MON-SQOLIM Values for Organic Matter an d Orthophosphate-P by Impervious Land Use and Geolo

gic Zone

Geologic Zone

Charlotte Belt

Upper Slate Belt

Lower Slate Belt

Triassic Basin

Constituent ORG MAT PO4 ORG MAT PO4 ORG MAT PO4 ORG MAT PO4
NCDOTPRIMARY Impervious 3.135 0.029363 3.135 0.029363 3.135 0.029363 3.135 0.029363
NCDOTSECONDARY Impervious 3.135 0.035888 3.135 0.035888 3.135 0.035888 3.135 0.035888
High Intensity Impervious 3.135 0.032625 3.135 0.032625 3.135 0.032625 3.135 0.032625
Low Intensity Impervious 3.135 0.032625 3.135 0.032625 3.135 0.032625 3.135 0.032625
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POTFW - The specification of constituent mass per sedimeds (Ib/ton). As stated above, sediment
potencies were specified for Organic Matter ancdh@hosphate-P for pervious lands. The parameter
values for Organic Matter and Orthophosphate-Bé&vvious land uses by land use and geologic zane ar
provided in Table 3-22.

Table 3-22. POTFW Values for Organic Matter and Ort hophosphate-P by Pervious Land Use and
Geologic Zone

Geologic Zone Charlotte Belt Upper Slate Belt Lower Slate Belt Triassic Basin
Constituent ORG MAT | PO4 | ORG MAT | PO4 | ORG MAT | PO4 | ORG MAT | PO4

Water 0 0 0 0 0 0 0 0
Developed Open Space 64 0.8 64 0.8 64 0.8 44 0.08
Row Crops 82 0.5 82 0.5 82 0.5 62 0.25
Pasture/Grassland 91 0.1 91 0.1 91 0.1 71 0.05
Scrub/Shrub 83 0.8 83 0.8 83 0.8 63 0.05
Forest 83 0.8 83 0.8 83 0.8 63 0.05
Wetland 63 0.035 63 0.035 63 0.035 63 0.035

MON-IFLW-CONC - The monthly varying interflow constituent concetibes. Parameter values were
supplied for all four constituents. The parametdue range for Organic Matter by land use, gealogi
zone, and hydrologic soil group are provided belowable 3-23. The parameter value ranges for
Ammonia-N by land use, geologic zone, and hydralegil group are provided in Table 3-24. The
parameter value ranges for Nitrate+Nitrite-N bydarse, geologic zone, and hydrologic soil group are
provided in Table 3-25. The parameter values fith@hosphate-P by land use, geologic zone, and
hydrologic soil group are provided in Table 3-26.
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Table 3-23. MON- IFLW-CONC Values for Organic Matte r by Land Use, Geologic Zone, and
Hydrologic Soil Group

Geologic Zone Charlotte Belt Upper Slate Belt Lower Slate Belt Triassic Basin
HSG HSG HSG HSG HSG HSG HSG

Hydrologic Soil Group A+B C+D A+B C+D A+B C+D A+B+C | HSG D

Water 0 0 0 0 0 0 0 0
Developed Open Space 3.43-12 3.43-12 3.43- 12 3.43-12 3.43-12 3.43- 12 3.43- 12 3.43- 12
Row Crops 3.14-11 3.14-11 3.14-11 3.14-11 3.14-11 3.14-11 3.14-11 3.14-11
Pasture/Grassland 5.71- 20 5.71- 20 5.71- 20 5.71- 20 5.71- 20 5.71- 20 5.71- 20 5.71- 20
Scrub/Shrub 4.29- 15 4.29- 15 4.29- 15 4.29- 15 4.29- 15 4.29- 15 4.29- 15 4.29- 15
Forest 4.29- 15 4.29- 15 4.29- 15 4.29- 15 4.29- 15 4.29- 15 4.29- 15 4.29- 15
Wetland 4.29- 15 4.29- 15 4.29- 15 4.29- 15 4.29- 15 4.29- 15 4.29- 15 4.29- 15

MON-GRND-CONC - The monthly varying groundwater flow path constitueoncentrations.
Parameter values were supplied for all four camstits. The parameter value ranges for Organiceatt
by land use, geologic zone, and hydrologic soiligrare provided in Table 3-27. The parameter value
ranges for Ammonia-N by land use, geologic zond,tamrologic soil group are provided in Table 3-28.
The parameter value ranges for Nitrate+Nitrite-Ndnd use, geologic zone, and hydrologic soil group
are provided in Table 3-29. The parameter valoae©fthophosphate-P by land use, geologic zone, and
hydrologic soil group are provided in Table 3-30.
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Table 3-24. MON- IFLW-CONC Values for Ammonia (as N ) by Land Use, Geologic Zone, and Hydrologic Soil G roup
Geologic Zone Charlotte Belt Upper Slate Belt Lower Slate Belt Triassic Basin
Hydrologic Soil Group HSG A+B HSG C+D HSG A+B HSG C+D HSG A+B HSG C+D HSG A+B+C HSG D
Water 0 0 0 0 0 0 0 0
0.00585- 0.00585- 0.00585- 0.00585- 0.00585- 0.00585- 0.00585- 0.00585-
Developed Open Space 0.01305 0.01305 0.01305 0.01305 0.01305 0.01305 0.01305 0.01305
Row Crops 0.0243- 0.54 | 0.0243-0.54 | 0.0243-0.54 | 0.0243-0.54 | 0.0243-0.54 | 0.0243-0.54 0.0243- 0.54 0.0243- 0.54
0.0207- 0.0207- 0.0207- 0.0207- 0.0207- 0.0207- 0.0207-
Pasture/Grassland 0.0381 0.0381 0.0381 0.0381 0.0381 0.0381 0.0207- 0.0381 0.0381
0.0012- 0.0012- 0.0012- 0.0012- 0.0012- 0.0012- 0.0012-
Scrub/Shrub 0.0069 0.0069 0.0069 0.0069 0.0069 0.0069 0.0012- 0.0069 0.0069
0.0012- 0.0012- 0.0012- 0.0012- 0.0012- 0.0012- 0.0012-
Forest 0.0069 0.0069 0.0069 0.0069 0.0069 0.0069 0.0012- 0.0069 0.0069
0.0012- 0.0012- 0.0012- 0.0012- 0.0012- 0.0012- 0.0012-
Wetland 0.0069 0.0069 0.0069 0.0069 0.0069 0.0069 0.0012- 0.0069 0.0069

Table 3-25. MON- IFLW-CONC Values for Nitrate+Nitri

te (as N) by Land Use, Geologic Zone, and Hydrologi ¢ Soil Group
Geologic Zone Charlotte Belt Upper Slate Belt Lower Slate Belt Triassic Basin
Hydrologic Soil Group HSG A+B HSG C+D HSG A+B HSG C+D HSG A+B HSG C+D HSG A+B+C HSG D
Water 0 0 0 0 0 0 0 0

0.034125- 0.034125- 0.034125- 0.034125- 0.034125- 0.034125- 0.003413- 0.003413-
Developed Open Space 0.076125 0.076125 0.076125 0.076125 0.076125 0.076125 0.007613 0.007613
0.042525-

Row Crops 0.0567-1.26 | 0.0567-1.26 | 0.0567-1.26 | 0.0567- 1.26 | 0.0567- 1.26 | 0.0567- 1.26 | 0.042525- 0.945 0.945
0.0483- 0.0483- 0.0483- 0.0483- 0.0483- 0.0483- 0.036225- 0.036225-
Pasture/Grassland 0.0889 0.0889 0.0889 0.0889 0.0889 0.0889 0.066675 0.066675
0.0028- 0.0028- 0.0028- 0.0028- 0.0028- 0.0028- 0.0021- 0.0021-
Scrub/Shrub 0.0161 0.0161 0.0161 0.0161 0.0161 0.0161 0.012075 0.012075

0.0028- 0.0028- 0.0028- 0.0028- 0.0028- 0.0028- 0.0021- 0.0021-
Forest 0.0161 0.0161 0.0161 0.0161 0.0161 0.0161 0.012075 0.012075

0.0028- 0.0028- 0.0028- 0.0028- 0.0028- 0.0028- 0.0028-

Wetland 0.0161 0.0161 0.0161 0.0161 0.0161 0.0161 0.0028- 0.0161 0.0161
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Table 3-26. MON- IFLW-CONC Values for Orthophosphat e-P by Land Use, Geologic Zone, and Hydrologic Soll Group
Geologic Zone Charlotte Belt Upper Slate Belt Lower Slate Belt Triassic Basin
HSG HSG HSG HSG HSG HSG HSG

Hydrologic Soil Group A+B C+D A+B C+D A+B C+D A+B+C HSG D
Water 0 0 0 0 0 0 0 0
Developed Open Space 0.0075 0.0075 0.0075 0.0075 0.0075 0.0075 0.0075 0.0075
Row Crops 0.0075 0.0075 0.0075 0.0075 0.0075 0.0075 0.0075 0.0075
Pasture/Grassland 0.0075 0.0075 0.0075 0.0075 0.0075 0.0075 0.0075 0.0075
Scrub/Shrub 0.0075 0.0075 0.0075 0.0075 0.0075 0.0075 0.0075 0.0075
Forest 0.0075 0.0075 0.0075 0.0075 0.0075 0.0075 0.0075 0.0075
Wetland 0.0075 0.0075 0.0075 0.0075 0.0075 0.0075 0.0075 0.0075

Table 3-27. MON- IFLW-CONC Values for Organic Matte

r by Land Use, Geologic Zone, and Hydrologic Soil G roup

Geologic Zone Charlotte Belt Upper Slate Belt Lower Slate Belt Triassic Basin

Hydrologic Soil Group HSGA+B | HSGC+D | HSGA+B | HSGC+D | HSGA+B | HSG C+D HSG A+B+C HSG D
Water 0 0 0 0 0 0 0 0
Developed Open Space 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10
Row Crops 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10
Pasture/Grassland 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10
Scrub/Shrub 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10
Forest 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10
Wetland 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10 2.86- 10
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Table 3-28. MON- GRND-CONC Values for Ammonia (as N ) by Land Use, Geologic Zone, and Hydrologic Soil G roup
Geologic Zone Charlotte Belt Upper Slate Belt Lower Slate Belt Triassic Basin
Hydrologic Soil Group HSG A+B HSG C+D HSG A+B HSG C+D HSG A+B HSG C+D HSG A+B+C HSG D
Water 0 0 0 0 0 0 0 0
0.00885- 0.00885- 0.00885- 0.00885- 0.00885- 0.00885- 0.00885-
Developed Open Space 0.0219 0.0219 0.0219 0.0219 0.0219 0.0219 0.00885- 0.0219 0.0219
0.01185- 0.01185- 0.01185- 0.01185- 0.01185- 0.01185- 0.01185-
Row Crops 0.0249 0.0249 0.0249 0.0249 0.0249 0.0249 0.01185- 0.0249 0.0249
Pasture/Grassland 0.0105- 0.03 | 0.0105-0.03 | 0.0105-0.03 | 0.0105-0.03 | 0.0105- 0.03 | 0.0105- 0.03 0.0105- 0.03 0.0105- 0.03
0.00675- 0.00675- 0.00675- 0.00675- 0.00675- 0.00675- 0.00675- 0.00675-
Scrub/Shrub 0.01494 0.01494 0.01494 0.01494 0.01494 0.01494 0.01494 0.01494
0.00675- 0.00675- 0.00675- 0.00675- 0.00675- 0.00675- 0.00675- 0.00675-
Forest 0.01494 0.01494 0.01494 0.01494 0.01494 0.01494 0.01494 0.01494
0.00675- 0.00675- 0.00675- 0.00675- 0.00675- 0.00675- 0.00675- 0.00675-
Wetland 0.01494 0.01494 0.01494 0.01494 0.01494 0.01494 0.01494 0.01494
Table 3-29. MON- GRND-CONC Values for Nitrate+Nitri te (as N) by Land Use, Geologic Zone, and Hydrologi ¢ Soil Group
Geologic Zone Charlotte Belt Upper Slate Belt Lower Slate Belt Triassic Basin
Hydrologic Soil Group HSG A+B HSG C+D HSG A+B HSG C+D HSG A+B HSG C+D HSG A+B+C HSG D
Water 0 0 0 0 0 0 0 0
0.051625- 0.051625- 0.051625- 0.051625- 0.051625- 0.051625- 0.005163- 0.005163-
Developed Open Space 0.12775 0.12775 0.12775 0.12775 0.12775 0.12775 0.012775 0.012775
0.0553- 0.0553- 0.0553- 0.0553- 0.0553- 0.0553- 0.020737- 0.020737-
Row Crops 0.1162 0.1162 0.1162 0.1162 0.1162 0.1162 0.043575 0.043575
0.018375- 0.018375-
Pasture/Grassland 0.049-0.14 | 0.049-0.14 | 0.049-0.14 | 0.049-0.14 | 0.049-0.14 | 0.049-0.14 0.0525 0.0525
0.0315- 0.0315- 0.0315- 0.0315- 0.0315- 0.0315- 0.011813- 0.011813-
Scrub/Shrub 0.06972 0.06972 0.06972 0.06972 0.06972 0.06972 0.026145 0.026145
0.0315- 0.0315- 0.0315- 0.0315- 0.0315- 0.0315- 0.011813- 0.011813-
Forest 0.06972 0.06972 0.06972 0.06972 0.06972 0.06972 0.026145 0.026145
0.0315- 0.0315- 0.0315- 0.0315- 0.0315- 0.0315- 0.011813- 0.011813-
Wetland 0.06972 0.06972 0.06972 0.06972 0.06972 0.06972 0.026145 0.026145
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Table 3-30. MON- GRND-CONC Values for Orthophosphat

e-P by Land Use, Geologic Zone, and Hydrologic Sail

Group

Geologic Zone

Charlotte Belt

Upper Slate Belt

Lower Slate Belt

Triassic Basin

Hydrologic Soil Group HSG A+B HSG C+D HSG A+B HSG C+D HSG A+B HSG C+D HSG A+B+C HSG D
Water 0 0 0 0 0 0 0 0
Developed Open Space 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055
Row Crops 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055
Pasture/Grassland 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055
Scrub/Shrub 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055
Forest 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055
Wetland 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055 0.0055
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4 Model Calibration Results

4.1 HYDROLOGY CALIBRATION AND CORROBORATION

4.1.1 Water Balance Analysis

Over the period of simulation, average annual pitation on the watershed ranges from 42 to 4@,nly
depending on location. Average water balance iy lese is shown in Table 4-1 and summarized
graphically in Figure 4-1. As in most watersheadmajority of the incoming precipitation is retudn®
the atmosphere as evapotranspiration (ET), withiébielual divided among direct surface runoff and
subsurface (interflow and groundwater) return flo@wver the 1997-2011 model application period the
simulation predicts that 75 percent of precipitati® returned as ET. This is consistent with larigem
analyses of measurements of the water balanceaRBmr and Flat River (in the Falls Lake watershed
in Durham Co.), which showed 74 and 71 percenpeesvely, of precipitation returned via actual ET
(Lu et al., 2005).

Table 4-1. Water Balance for the Jordan Watershed, = 1997-2011 (inches/year)

Shallow Total
Land Use Category ET Runoff Interflow Groundwater Precip.
High Imperviousness 9.6 34.9 0.0 0.0 44.5
NCDOT Roads, Primary 9.6 34.8 0.0 0.0 44.4
NCDOT Roads, Secondary 9.6 34.7 0.0 0.0 44.3
Low Imperviousness 9.6 34.7 0.0 0.0 44.4
Developed Open Space 335 4.8 0.3 5.4 44.0
Pasture/Grass 34.2 4.3 0.2 6.1 447
Row Crop 35.3 3.6 0.2 5.7 44.8
Scrub Shrub 36.0 34 0.1 5.3 44.8
Forest 36.0 3.1 0.4 5.3 44.9
Wetland 31.5 14.3 0.0 0.0 45.9
Open Water 25.7 18.9 0.0 0.0 44.6
Watershed 33.4 6.0 0.3 5.0 447
Overall simulation (%) 75% 13% 1% 11%
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| ET Runoff Interflow Shallow Groundwater
Wetland ‘ 31.5 14.3 0.0

Forest 36.0 3.1 04 5.3

Scrub Shrub 36.0 34 01 53

Row Crop 35.3 3.6 0.2 5.7
Pasture/Grass 34.2 43 0.2 6.1
Developed Open Space 33.5 48 03 5.4

Impervious Surfaces 9.6 34.7 0.0
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0
Depth (inches/year)

Figure 4-1. Water Balance Summary by Land Use
4.1.2 Comparison to Gage Data

4.1.2.1 Hydrology Calibration Performance Evaluation

Table 4-2 provides the performance results forcad#ration period (January 1, 2002 through Sepg&mb
30, 2012) at the core stations. For EBvr@r in total volume- see Table 3-1 for codes), model
performance is rated asry goodat two gagegjoodat seven gagefair at one gage, arbor at two
gages. For E10%&(ror in 10% highest flow volumesmodel performance is rated\asy goodat three
gagesgoodat five gagedsfair at three gages, and poor at one gage. Monthlyisi&&edvery goodat
three gagegjoodat four gagedair at three gages, apaor at two gages.

The station with the largest drainage area is 02696Haw River near Bynum, NC, for which all crdic
measures and nearly all non-critical measuresgaerny good This station measures flow for the
majority of the Haw River drainage, and having aousate representation of flow is of critical
importance for representing inflow hydrology todkm Lake. A detailed summary of representative
graphical comparisons undertaken for all calibragtations is provided for Haw River near Bynunaas
example.

A flow-duration plot (plot of flow versus percent-time exceeded, Figure 4-2) shows excellent
agreement across most of the range of flows. Toeehover predicts flow somewhat between th& 70
and 98 percentile, which may be related to uncertaintgaimt source discharge data and upstream
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reservoir operations. Monthly observed and mod#éteds are plotted along with reported monthly
rainfall (Figure 4-3) and show a good overall agrest.

e Observed Flow Duration (1/1/2002 to 9/30/2012 )
=== \odeled Flow Duration (1/1/2002 to 9/30/2012))
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Figure 4-2. Calibration Observed and Modeled Flow-D  uration, Haw River near Bynum, NC

Avg Monthly Rainfall (in.)
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Figure 4-3. Calibration Time Series of Observed and = Modeled Monthly Flows and Monthly Rainfall,
Haw River near Bynum, NC
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A plot of flow accumulation (Figure 4-4) shows ebkeet agreement between modeled and observed flow
volume across a range of wet and dry years. D&tgnplots of the distribution of observed and
simulated flows by month are shown in Figure 4¥he bar ranges indicate the range between the 25th
and 75th percentile, while the center point isrttezlian. Medians and the interquartile range ate we
replicated throughout the year, though' percentile flows tend to be a bit high during suenmer.

Figure 4-6 shows a comparison of average montblydi(rather than median and interquartile flows),
which can be useful if large storm events influeseasonal flow balance without affecting most ef th
flow distribution. Average monthly flow is well pkcated during the calibration period, althoughrth

are some minor deviations for individual months.

e=ms Observed Flow Volume (1/1/2002 to 9/30/2012 )
=== \odeled Flow Volume (1/1/2002 to 9/30/2012 )
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Figure 4-4. Calibration Cumulative Observed and Mod  eled Flow Volume, Haw River near Bynum, NC
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m Observed (25th, 75th) Average Monthly Rainfall (in)
=Median Observed Flow (1/1/2002 to 9/30/2012) mModeled (Median, 25th, 75th)
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Figure 4-5. Calibration Observed and Modeled Monthl  y Flow Distributions with Monthly Rainfall,
Haw River near Bynum, NC

Avg Monthly Rainfall (in.)
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Figure 4-6. Calibration Observed and Modeled Monthl  y Average Flow with Monthly Rainfall,
Haw River near Bynum, NC

Table 4-3 provides the performance results forctiibration period (January 1, 2002 — September 30,
2012) at the non-core stations. For ETV modelqrernce is rated a®ry goodat four gagegjoodat
four gagesfair at one gage, ambor at one gage. For E10% model performance is agedry goodat
seven gagegioodat one gage, arfdir at two gages. Monthly NSE is ratgdodat four gagedair at
three gages, angbor at three gages. Overall performance at the noa-stations was similar to the core
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stations; for the three critical componentsty goodandgoodratings outweighethir or poor ratings by
a margin of two to one. Trends in performancesd@eussed below, in the context of locale and the
underlying geologic zone.

Charlotte Belt Stations

USGS 02093800 — Reedy Fork near Oak Ridge NC étatien)

USGS 02093877 — Brush Creek at Muirfield road at€iisboro, NC (core station)
USGS 0209399200 — Horsepen Creek at US 220 neanGlbero, NC (core station)
USGS 02094500 — Reedy Fork near Gibsonville, N (station)

USGS 0209387778 — Brush Creek at Fleming Road e¢iaboro, NC (non-core station)

Monitoring in the Charlotte Belt is made up of aiee of four stations upstream of Lake Townsente T
Reedy Fork station near Gibsonville is technicallyhe Slate Belt, but the majority of its drainaggenes
from the Charlotte Belt. Total volume is well pietdd across all of the stations. For the remainin
measures, performance is mixed, but over-predistiom under-predictions tend to balance out for the
10% highest flows and for seasonal volumes. Tékost on Reedy Fork near Gibsonville is downstream
of Lake Townsend, and it performance is likely efféel by water management activities not represented
in the model.

Upper Slate Belt Stations

USGS 02095000 — South Buffalo Creek near Greenshi2qcore station)

USGS 02095271 — North Buffalo Creek at Church Sae€&reensboro, NC (core station)

USGS 02094659 — South Buffalo Creek near Pomondnbicore station)

USGS 02094770 — South Buffalo Creek at US 220 etzboro, NC (non-core station)

USGS 02094775 — Ryan Creek below US 220 at GreensWG (non-core station)

USGS 02095181 — North Buffalo Creek at Westovaagerat Greensboro, NC (hon-core station)
USGS 02095500 — North Buffalo Creek near Greensié@(non-core station)

USGS 0209553650 — Buffalo Creek at SR2819 near &hsivdle, NC (non-core station)

The Upper Slate Belt stations are located in aefis Guilford County and are all associated whith
Buffalo Creek system. Performance is mixed atdtstations, and several of the stations fiaiteor poor
for the critical measures. Many of the statioresiarseries; one would expect errors for a givedeho
component to carry through to the next station thigtis largely not the case. This suggests eithe
differences in hydrology due to small scale vamiaiin soils/geology, or perhaps uncertainty in gggi
records. As seen in Table 3-6, impervious aréégis and fairly consistent across the drainagets, bu
proportions of HSG A+B versus HSG C+D are quitealde. In addition, this particular region of
Guilford County may be poorly represented by theiggeed model precipitation station (Greensboro
WSO Airport), which is 10 to 20 miles away. limsportant to note that undue weight should not be
placed on these gages; while there are many of, ttheay have a narrow geographic focus.

Lower Slate Belt Stations

USGS 02096846 — Cane Creek near Orange Groovecdl€ étation)
USGS 02097464 — Morgan Creek near White Cross,cfe (station)
USGS 02097517 — Morgan Creek near Chapel Hill, N@h{core station)
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These stations are located in southern Orange ¢oamd primarily drain rural areas with a low irgémp

of development. Performance is generally gooditodt these stations. The Morgan Creek near Chape
Hill station is located downstream of Universitykea which has withdrawals for water supply and also
received significant transfers from Cane Creek Reseduring part of the simulation period. This
station is also downstream of the Orange WaterSavader Authority (OWASA) WWTP discharge.

Triassic Basin Stations

USGS 02097280 — Third Fork Creek at Woodcroft Paskmear Blands, NC (core station)
USGS 0209741955 — Northeast Creek at SR1100 nede&eNC (core station)

USGS 02097314 — New Hope Creek near Blands, NCqomanstation)

USGS 0209782609 — White Oak Creek at mouth neardrevel, NC (hon-core station)

All of these stations rate good or very good actbhesnajority of critical and non-critical measurédhe
Third Fork Creek station has a relatively low minwtiSE, but it is important to note that the perafd
record for this station was less than five yedtserformance measures indicate that hydrology i wel
represented for inflows into the upper arms of dordake.

Haw River Stations
USGS 02096500 — Haw River at Haw River, NC (catiast)
USGS 02096960 — Haw River near Bynum, NC (cor@s)at

Most measures, both critical and non-critical, weessessed @®odor very good Both stations are
influenced by significant point source discharges] point source flow often dominates during draugh
conditions. The quality of fit at both of thesatgins indicates that the LSPC model adequately
represents regional hydrology.
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Table 4-2. Hydrology Performance for the Calibrati  on Period at the Core Stations
02093800 | 02093877 |0209399200| 02094500 | 02095000 | 02095271 | 02096500 | 02096846 | 02096960 | 02097280 [0209741955| 02097464
Model Component
Reedy Fk | Brush Crk | Horsepen | Reedy Fk | S Buffalo | N Buffalo Haw R Cane Cr Haw R Third Fk | Northeast | Morgan Cr
%Em in total -0.97%| -5.20%|  5.71%| -5.75%| -17.86%| -19.90%| -7.07%| -6.08%| -1.04%|  9.46%| -8.17%| 12.04%
i 0,

2.Errorin 50% lowest| 7 41001 g 7305| -12.16%| -9.5206 -45.73%| -33.89%|  3.47%|  9.45%|  4.15%| -42.12%| -12.75%|  5.06%
flow volumes
3. Error in 10%

: 17.26%|  -9.32%| 10.36%)| -32.96%| -15.40%| -22.16%| -13.09%| -12.76%| -1.44%| 11.56%)| -7.49%| 14.38%
highest flow volumes
3;,.5;;‘2 In storm -8.87%| -0.34%| 21.74%| -52.67%| -15.22%| -25.49%| -15.94%| -6.25%|  1.27%| 31.36%| 20.15%| 38.61%
2;r\é"r'”ter volume -13.56%| -3.16%| -0.47%| -5.39%| -14.81%| -12.47%| -11.02%| -4.11%| -5.09%| -3.68%| -17.32%|  8.69%
S'rrif””g volume 16.10%| 12.01%| 13.09%|  3.63%| -15.17%| -16.71%|  7.53%| -10.10%|  9.99%| 16.48%| -2.17%| 11.22%
;srmmer volume 21.00%| -8.66%| 22.86%|  3.09%| -15.18%| -22.10%|  1.02%| 8.77%|  5.90%| 47.42%| 11.39%|  8.26%
8. Fall volume error -17.25%| -18.13%|  -9.38%)| -21.63%| -26.01%| -27.88%| -21.11%| -10.37%| -11.03%| -12.22%| -15.89%| 21.68%
9. Monthly NSE 0.625 0.788 0.831 0.691 0.711 0.604 0.833 0.866 0.934 0.716 0.750 0.903
10. R? monthly values 0.482 0.578 0.640 0.499 0.667 0.611 0.621 0.372 0.717 0.541 0.307 0.426
11. R? daily values 0.629 0.806 0.834 0.714 0.756 0.681 0.837 0.874 0.933 0.725 0.768 0.912

Note: Error statistics for hydrology are reported as simulated minus observed flows.
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Table 4-3. Hydrology Performance for the Calibrati  on Period at the Non-Core Stations
0209387778 02094659 02094770 02094775 02095181 02095500 0209553650 02097314 02097517 0209782609
Model Component
Brush Cr S Buffalo S Buffalo Ryan Cr N Buffalo N Buffalo Buffalo Cr | New Hope | Morgan Cr | White Oak
\%(')IE:;"J in total 2.60%|  -18.31% -9.02% 0.85% -8.12% 2.55% 5.81% -0.08% 11.42% -8.37%
i 0,
2. Error in 50% lowest 17.79%|  -22.93% -41.41% -41.55% 5.85% -3.89% -4.80% 2.03% 23.83% 10.71%
flow volumes
i 0,
3. Error in 10% 1.91%|  -21.25% -3.11% 6.56%|  -19.09% 2.71% 7.27% 5.5206 0.1206  -11.46%
highest flow volumes
CGuEJ:;Oer In storm 13.03%|  -21.50% 5.10% 8.80%|  -23.10% -1.75% -9.24% 32.76% 22.53% 9.29%
2;r\é"r'mer volume 12.01%|  -13.70% -3.93% 1.22% -1.47% 3.71% 6.47% -6.17% 11.30%|  -16.82%
2'@?““9 volume 35.65%|  -16.10% 5.74% 11.59% -6.45% 2.70% 3.21% -5.25% 18.29% -4.26%
Z'rrifmmer volume 12.93%|  -21.55% -8.28% 0.75% 7.37% 10.43% 0.60% 22.99% 4.47% 5.82%
8. Fall volume error 17.40%|  -21.33%|  -17.67% 8.60%|  -17.11% 6.05%|  -13.67% 2.29% 10.16% 7.17%
9. Monthly NSE 0.830 0.693 0.725 0.634 0.635 0.611 0.749 0.806 0.868 0.840
10. R monthly values 0.627 0.667 0.662 0.522 0.602 0.629 0.613 0.269 0.887 0.377
11. R? daily values 0.845 0.754 0.748 0.659 0.681 0.690 0.751 0.860 0. 506 0.870

Note: Error statistics for hydrology are reported as simulated minus observed flows.
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4.1.2.2 Hydrology Corroboration Performance Evaluation

Table 4-4 provides the performance results forcthreoboration period (January 1, 1997 — December 31
2001) at the core stations. For the ETV modelquarénce is rated agry goodat one gagegoodat two
gagesfair at three gages, ampaor at four gages. For the E10% model performancatéesi asery good

at three gagesair at five gages, angoor at two gages. Monthly NSE is rateery goodat three gages,
fair at two gages, angbor at five gages.

Looking at the core stations holistically, perfomoa of the model during the corroboration period at
these gages is rated“&&ir.” Tropical storms occurring during the corrobonatiitne period may be
misrepresented in the atmospheric forcing files, @recipitation from hurricanes is manifest in sggo
depth gradients which are not captured using sipgiet precipitation gages. Figure 4-7 shows medel
flow significantly under-predicted during SeptemB600 at USGS 02094500 Reedy Fork near
Gibsonville, NC. Average daily rainfall is shownthe top of the graph; clearly, little or no rauas
represented in the forcing file, but observed fiivows a major event centered on th8, 1Bhis
corresponds to Tropical Storm Gordon, which padisexigh central North Carolina and dropped several
inches of rain in two distinct bands on either sifléhe eye (Figure 4-8). This resulted in sigrafit
rainfall on the Reedy Fork watershed, but not atrdlevant meteorology station. Thus, the model is
unable to predict this large flow event.

Avg Daily Rainfall (in.)
—— Avg Observed Flow (8/1/2000 to 7/31/2001 )
—— Avg Modeled Flow (Same Period)
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Figure 4-7. Late Summer Modeled and Observed Flow a t USGS 02094500 Reedy Fork near
Gibsonville, NC
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Tropical Storm Gordon
September 13-21, 2000
1376 sites
— 1
3
5
7

1.35" Playa Del Carmen/Solidar, MX

9.48" Mayo, FL

L/ -

(Image credit: Weather Prediction Center, Camp Springs, Marylana)
Figure 4-8. Cumulative rainfall from Tropical Storm Gordon, September 2000

Table 4-5 provides the performance results foictireoboration period (January 1, 1997 — December 31
2001) at the non-core stations. For the ETV mpdelormance is rated &sry goodat one gagegoodat
one gagefair at three gages, ampaor at five gages. For the E10% model performancated asrery
goodat two gagegjoodat two gagedair at one gage, amubor at five gages. Monthly NSE is rated
goodat one gagdair at one gage, anbor at eight gages. Conclusions drawn when discusking
overall performance of the core stations can atésdrwn about these non-core stations. In addition
flow monitoring began at most of the Charlotte Beltd Upper Slate Belt stations between 1998 and
1999, so the corroboration periods for these gages on the order of three years or less. Thetwors
performance is seen at the White Oak Creek gagerentbss than two years of data are availablentor t
corroboration period (9/1999 — 12/2001). Thisistahas a negative NSE and the model also tends to
over-predict low flows. Issues may in part be tedao uncertainty in the rating curve in the e@eyiod
of operation of this station, but the short perdddecord makes it difficult to draw firm conclugi®. A
summary of hydrology model performance within tbatext of overall assessment of LSPC model
performance for the Jordan watershed is provideeition 4.3.
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Table 4-4. Hydrology Performance for the Corrobora  tion Period at the Core Stations

02093800 | 02093877 |0209399200( 02094500 | 02095000 | 02095271 | 02096500 | 02096846 | 02096960 | 02097280 |0209741955| 02097464
Model Component

Reedy Fk | Brush Crk | Horsepen | Reedy Fk | S Buffalo | N Buffalo Haw R Cane Cr Haw R Third Fk | Northeast | Morgan Cr
1. Error in total volume -6.21% -18.69%| -6.18%| -25.71%| -29.10%| -10.04%| -13.43%| -2.56% -18.62%| -10.54%
. Ertor In 50% lowest 0.26% -3.45%)| -40.15%| -34.01%| -48.86%| -1.18%| -47.44%| -6.02% -3.14%| -56.84%
3 Ertor in 10% highest | _19.85% 22.40%| -40.45%| -27.16%| -23.42%| -18.33%| -8.78%| -0.45% -23.48%|  0.07%
4. Error in storm volume | -27.19% -18.49%| -60.64%| -27.73%| -33.66%| -26.27%| -11.04%| -3.64% 7.44%|  4.28%
5. Winter volume error | -17.00% -34.16%| -14.89%| -23.71%| -19.29%| -17.05%| -25.24%| -7.34% -29.62%| -18.99%
6. Spring volume error 7.88%| NI/A 2.95%| 16.53%| -35.39%| -38.550%| -2.81%| -26.31%| 0.08%| NJ/A 6.44%| -14.73%
7. Summer volume error | -4.49% 21.73%| -44.41%| -24.31%| -26.60%| -6.86%| 72.81%|  4.88% 4.64%| 28.75%
8. Fall volume error -9.31% -1.86%)| 36.83%| -17.10%| -36.00%| -3.72%| -5.85%|  3.63% -12.45%| -16.17%
9. Monthly NSE 0.743 0603 0681 0572 0057 0878 0.358 0.936 0.879 0.729
10. R? monthly values 0.398 0488 0482 0520 0407 0723 0.441 0.787 0.499 0.634
11. R? daily values 0.743 0697 0681 0639 0471] 0893 0.545 0.939 0.942 0.784

Note: Error statistics for hydrology are reported as simulated minus observed flows.
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Table 4-5. Hydrology Performance for the Corrobora  tion Period at the Non-Core Stations

0209387778 | 02094659 02094770 02094775 02095181 02095500 | 0209553650 | 02097314 02097517 | 0209782609

Model Component
Brush Cr S Buffalo S Buffalo Ryan Cr N Buffalo N Buffalo Buffalo Cr | New Hope | Morgan Cr | White Oak

1. Error in total volume -18.84% -33.38% -38.90% -3.15% -34.35% -12.52% -10.48% -12.75% -7.25% 28.30%
2. Error in 50% lowest 7.23% 6.65%|  -30.12%|  -29.63%|  -15.82%|  -11.02% -6.83% -0.50% 8.89%|  83.07%
flow volumes
3, Error In 10% highest -37.99%|  -39.62%|  -46.35% 1.70%|  -48.67%|  -14.23%|  -15.44%|  -11.16% -2.30%|  29.00%
4. Error in storm volume -35.45% -41.95% -49.19% -3.89% -54.15% -21.41% -20.69% 0.65% 1.84% 59.48%
5. Winter volume error -13.15% -23.14% -31.35% 3.21% -21.19% -9.22% -7.98% -17.13% -20.21% -11.97%
6. Spring volume error 1.84% -25.48% -44.48% 3.90% -39.53% -23.42% -21.19% -37.50% 1.34% 6.36%
7. Summer volume error -37.52% -45.38% -46.07% -12.90% -47.12% -11.68% -10.65% 23.50% 15.62% 79.06%
8. Fall volume error -5.63% -21.50% -18.82% 4.35% -3.03% -4.52% 0.36% 5.91% -10.16% 59.28%
9. Monthly NSE 0.580 0.315 0.425 0.599 0.346 0.471 0.611 0.669 0.821 -0.411
10. R? monthly values 0.407 0.329 0.409 0.190 0.278 0.460 0.520 0.442 0.867 0.279
11. R? daily values 0.688 0.538 0.631 0.594 0.558 0.565 0.645 0.699 0.705 0.589

Note: Error statistics for hydrology are reported as simulated minus observed flows.
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4.2 WATER QUALITY CALIBRATION AND CORROBORATION

As discussed in 3.4.2, parameters for nutrienbrcaiion were initialized using values from the High
Rock Lake HSPF model and the Goose and Crookek€tetPC model. The first step in the
calibration process was to compare unit area lgadgites from each modeled land use to literature
values, providing confirmation that the model adeqgly represents upland pollutant load generation.
The results of the analysis and review are providegection 4.2.1 . Model parameters were then
iteratively adjusted to support a weight-of-evidecomparison to monitoring data from the watershed.
The analyses were conducted at a total of 35 mamitstations, providing robust spatial coveragéhef
watershed. Simulated water quality was comparedawitoring data using both graphical and statitic
methods. The model performance analysis begirsayiresentation of the graphical and statistical
methods using New Hope Creek as an example (Seto? ). Model performance at all of the
monitoring stations is then presented for the calibn and corroboration periods (Section 4.2.3 and
Section 4.2.4, respectively). Due to the large Ipemnof stations, it was not practical to presemaitkd
graphical analyses of results at each stationisntiemorandum. Rather, the statistical performafce
the model across all stations is summarized irriasef tables. The section concludes with antatain
of loads delivered to various points in the watedstwith a comparison of model loads to estimates o
loads derived from monitoring data with the LOADE®DI (Section 4.2.6).

4.2.1 Analysis of Nutrient Loading Rates

The first step in the analysis of model calibrati®a test that unit area loading rates produceith®y
model are reasonable compared to literature valuesortunately, few long-term studies are avagabl
for the Piedmont of North Carolina, and large yeayear variability allows only a qualitative
comparison. Table 4-6 compares the model rangavigly the range of average annual loads over the
1997-2010 simulation period for each land use/H8@kination) to values available in the literature.
Model ranges were tabulated from unique valuesutatied for each model subwatershed across theentir
calibration/corroboration time period. Land usadimg rates within each subwatershed represent area
weighted values across HSG types (see table fasot impervious area assumptions). For the
developed uses (Low-Medium Density Residential ldiggh Density Residential-Commercial), the
loading rates were calculated by combining loadmifthe “Developed, Open Space” RMU with loads
from the impervious RMUs using the range of impewgi percentages reported in the table footnotes.
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Table 4-6. Comparison of Nutrient Unit Area Loading Rates
Land Use Model Range Literature Range Source
(Ib/aclyr) (Ib/aclyr)
Total Nitrogen Load
Low-Medium 4-8 General: Novotny & Olem, 1994, tables 8-2, 8-3;
Density 21-58 Hartigan et al., 1983
Residential 2.6-6.2 NC Piedmont: Line, 2013; Bales et al., 1999
High Density General: Novotny & Olem, 1994, tables 8-2, 8-3, Lin,
Residential, 51-8.2 1.6-11.0 2004
Commercial 2
Forest 1-6 General: Lin, 2004; Chapra, 1997, Table 28.2
1.0-34 NC Piedmont: Swartley et al., 2010; Harned, 1995;
1.1-3.6 Line, 2013.
Row Crops 22.103 0.4-44 General: Chapra, 1997, Table 28.2
’ ’ 11-14 NC Piedmont: Harned, 1995
Pasture/Grassland 18-51 29-125 General: Lin, 2004
' ' 52-75 NC Piedmont: Line and Osmond, 2010
Total Phosphorus Load
Low-Medium 04-14 General: Novotny & Olem, 1994, tables 8-2, 8-3;
Density 0.23-0.79 Hartigan et al., 1983
Residential 0.34-0.81 NC Piedmont: Line, 2013; Bales et al., 1999.
High Density General: Novotny & Olem, 1994, tables 8-2, 8-3, Lin,
Residential, 0.79-1.38 0.1-3 2004
Commercial
Forest 0.05 —0.20 0.01-0.8 General: Lin, 2004; Chapra, 1997, Table 28.2
) ) 0.14 -0.32 NC Piedmont: Swartley et al., 2010
Row Crops 0.09 - 4 General: Chapra, 1997, Table 28.2
0.16 —1.22 S NC Piedmont: Harned, 1995; Line and Osmond,
35-58
2010
Pasture/Grassland 0.09—0.26 0.45-0.54 General: Lin, 2004
) ’ 25-47 NC Piedmont: Line and Osmond, 2010

1. Low-Medium Density assumed impervious area ranging from 10 percent to 30 percent

2. High Density-Commercial assumed impervious area ranging from 50 percent to 80 percent

Estimates of agricultural loading rates in the wsited were also provided to DWQ by Osmond and Neas

(2007). They applied the PLAT tool to estimate gptwrus losses from a statistical sample of
agricultural fields by county. The PLAT tool takeso account soil test P, fertilizer and manure
application, erosion, and other factors and repesslts on a pound per acre basis. However ehdts
are averaged, by county, over all agricultural lasds, including row crops, pasture, and hay. In
contrast, the watershed model specifies row creparsitely from pasture/hay, and different erosiwh a
pollutant loading rates are expected for these lemas. The resulting estimates provided by Osraoild
Neas are primarily driven by hay and pasture, whieike up 68 percent of the sampled fields in the
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watershed, and in several counties only hay antifgaBelds were analyzed. In general, Osmond and
Neas report moderate to high soil test P levelsldwitotal P loss, mostly due to very low erosiates.
The results from the sampled fields look to be tast with average P loss rates from hay/pastiire o
about 0.08 Ib/acre/yr and about 0.4 Ib/acre/yr from crops. However, firm estimates of load rdtem
row crop versus pasture/hay are not possible fremeport.

Osmond and Neas (2007) also produced estimatesabN loss from agricultural land by county. Taes
results combine row crop and hay, but omit padand. The sample fields were generally under-
fertilized relative to estimated N needs. More amantly, the NLEW tool used to estimate N loss is
intended to evaluate relative changes in the dispof fertilizer-derived N. Specifically, “NLEWSs an
‘edge-of-management unit’ accounting tool; it esties changes in nitrogen loss from croplands, bes d
not estimate changes in nitrogen loading to surfeaters” (NBOC, 2012). Notably, the tool does not
account for atmospheric N inputs. The loss rateseported as a total amount over sampled fialols,
as yield per acre, and dividing by the reportec amalyzed yields widely varying results (0.14 — 15
Ib/acrel/yr). As with phosphorus, the informatieported does not allow analysis of loss ratesdar r
crops versus hay; however, the aggregate losspgiear to have a mean and median across all ceuntie
in the neighborhood of 6 Ib/ac/yr, consistent vifith row crop and pasture/hay results in Table 4-6.

4.2.2 Graphical and Statistical Analysis Example: New Hope Creek

The details of the calibration process are presdmyeexample for station B3040000+02097314, New
Hope Creek at SR 1107 near Blands, located in DarhiBhis is one of the primary calibration stations
Monitoring has been conducted by three differeganizations (DWQ, USGS, and the Upper Cape Fear
River Basin Association). There is a co-locatesvfjage, and the model fits the hydrology well.isTh
station is downstream of a major point source (S@uirham WRF); however, an upstream station
(B3020000) is available to check the nonpoint sewimulation. Examination of the calibration asth
station reveals both strengths and weaknesseg ofidldeling approach. Calibration and corroboration
statistics are shown in Table 4-7 for TSS, TN, @Rdwith color coding to indicate where each stiatis
falls within its performance range (discussed presiy in Section 3.1.2).
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Table 4-7. Statistical Performance Measures for New  Hope Creek near Blands

Period Calibration Corroboration
1997 - 2004 2005 - 2112
Sample Count 120 247
Concentration _ 0 019
Average Error 53.8% 9.1%
Total
Suspended | Concentration @ a0
Sediment Median Error -40.2% -47.9%
Load Ave Error 54.3% 138.4%
Load Median Error -6.6% -9.9%
Sample Count 151 252
Concentration o o
Average Error 9.6% 10.5%
Total Concentration
H 0, o)
Nitrogen Median Error 15.0% 8.9%
Load Ave Error 8.0% -9.1%
Load Median Error 10.6% 5.9%
Sample Count 157 246
Concentration 0 @
Average Error 3.6% 0.5%
Total Concentration
4 0, . 0,
Phosphorus Median Error 0.3% 0.3%
Load Ave Error -19.3% -26.5%
Load Median Error -0.1% -0.1%

Note: Error statistics are based on simulated minus observed values.

As noted above, temperature and DO are not primigjectives of the model; however, reasonable

simulations are required. The temperature sinaratiFigure 4-9) is reasonable, although peak summer

temperatures in the hottest years appear to ba-astiemated. For DO (Figure 4-10), the model over-

estimates the summer minimum, likely due to sedtrogpgen demand (i.e., actual rates may be higher

than simulated rates). However, neither the modethe data indicate oxygen conditions sufficientl
low to strongly influence nutrient kinetics. Thimes, this portion of the model is acceptable far t
intended applications.
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Figure 4-9. Temperature Simulation for New Hope Cre ek near Blands, Calibration Period
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Figure 4-10. DO Simulation for New Hope Creek near  Blands, Calibration Period
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Simulation of sediment is also not a major endpfanthe model; however, as noted above, a reas®nab
simulation of sediment is needed to representrresport of phosphorus and organic nutrients. Time
series for the sediment calibration (Figure 4-I#)reot particularly informative, except to demoatdr

that both observations and modeled results ardyhthymamic and cover approximately the same range.
Statistically, for the calibration time period theerage error in paired concentrations (simulateadisn
observed) is -54 percent, indicating an under-gtami of observed concentrations; however, theayeer
error in paired load estimates is 54 percent, sstgggean over-estimation of load, although the medi
error in paired loads is only 7 percent.

Other diagnostic plots are more informative. As@yin terms of loads is particularly important foe
purposes of the model; however, the quality ofistiasl fit for loads may be strongly affected bfesv
observations at high flows, so this type of calim@ametric can be subject to considerable unaastaiA
scatterplot of simulated load versus same day éstichated from discrete samples shows reasonable
agreement (Figure 4-12) except in the lower ramdpere observed loads are generally higher than
simulated. A power plot of load versus flow (Figu-13) confirms these relationships, indicatinggTS
load is under-predicted at low flows. On the othend, the large positive error in total paireddica
largely due to only two high flow observations (the points at the right, noting the log scales).

NEW HOPE CREEK NEAR BLANDS, NC

‘—Simulated A Observed‘

1000

O . 1 T 1 1 1 T T T T
A\ \e) 9 Q N % ) >
N N2 N2 o ¥ WO W N

Year

Figure 4-11.  TSS Simulation for New Hope Creek near  Blands, Calibration Period
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NEW HOPE CREEK NEAR BLANDS, NC 1997-2004
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Figure 4-12.  Scatterplot of Simulated vs. Observed  TSS Load, New Hope Creek near Blands,
Calibration Period
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Figure 4-13.  Power Plot of Observed and Predicted T SS Load vs. Simulated Flow, New Hope
Creek near Blands, Calibration Period
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As part of the calibration process, the differenoetsveen simulated and observed values were checked

for bias against flow (Figure 4-14) and month (F&4-15). The plot versus flow confirms that TSS

observations are generally under-estimated (simdlatinus observed < 0) at lower flows, perhapsaith p

due to mechanical disturbances in the stream chanddloodplain that are not incorporated in the
model. Simulated TSS is over-estimated relativeb®ervations at the highest flows, resulting met.
over-estimation of paired loads; however, this itdswagain dependent on just a few data pointse T
plot versus month (for which the line shows the imeypindicates that the under-estimated concentrati

are primarily in the spring and summer.

Concentration Error vs Flow, New Hope Creek near Bl

ands, NC 1997-2004
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Figure 4-14.  Distribution of TSS Simulation Error v

s. Flow, New Hope Creek near Blands
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Figure 4-15.  Distribution of TSS Simulation Error v s. Month, New Hope Creek near Blands
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Following calibration for sediment, calibration wasrsued for P and N. Phosphorus time series
(Figure 4-16) show a close match, in part becausédord is strongly affected by the wastewater
discharge.
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Figure 4-16.  Total P Simulation for New Hope Creek  near Blands, Calibration Period

The influence of the point source is clearly seea plot of concentration versus flow, where the
declining relationship represents dilution of paotirce loads with higher streamflow. From thimife

it will also be noted that the model does not futigtch a few higher concentrations at the highegisf
(Figure 4-17), which is also confirmed by a plosohulation error versus flow (Figure 4-18). These
higher flow concentrations strongly influence tb&at load calculation. As a result, the averageresn
paired load observations is -19 percent (simulatgais observed); however, the median error is near
zero percent. Notably, the sign of the apparewr@n total P is opposite that of TSS shown above,
suggesting erosional processes have access toesgdiore highly enriched in P during high flow etgen
— perhaps from material stored within the wildfompoundment upstream of this site.
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NEW HOPE CREEK NEAR BLANDS, NC 1997-2004
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Figure 4-17.  Total Phosphorus Concentration vs. Sim  ulated Flow, New Hope Creek near Blands,
Calibration Period

Concentration Error Vs Flow, New Hope Creek near Bl  ands, NC 1997-2004
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Figure 4-18.  Distribution of Total P Simulation Err  or vs. Flow, New Hope Creek near Blands
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Only very limited observations are available ompBcses; however, the data that are available are
consistent with the model (Figure 4-19).
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Figure 4-19.  Organic P Simulation for New Hope Cree k near Blands, Calibration Period

In contrast to phosphorus, the different inorgaamid organic forms play a more important role in the
calibration of nitrogen. The total nitrogen sintida (Figure 4-20) during the calibration periocaprs
quite good, and there is little bias relative wafl(Figure 4-21), with the exception of one largdlier at
low flow. As a result the calibration error stttis are good (10 percent relative error on average
concentration, 8 percent relative error on paiogdls).
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Figure 4-20.  Total N Simulation for New Hope Creek  near Blands, Calibration Period
Concentration Error vs Flow, New Hope Creek near Bl  ands, NC 1997-2004
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Figure 4-21.  Distribution of Total N Simulation Err  or vs. Flow, New Hope Creek near Blands
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Individual species of nitrogen are not always prttl as well. The dominant form under most
conditions is oxidized inorganic N (NE&NO,-N; nitrate plus nitrite N). The fit for oxidizeédorganic N
(Figure 4-22) is generally good. In contrast, el appears to systematically under-estimatengrga
N concentrations beginning in 2002 (Figure 4-28ygesting that changes in the details of plant
operations have not been fully captured in theifipaton of effluent loading series.

Following calibration, model corroboration was uridken using data from 2005 — 2011. Graphical
results (Figure 4-24 and Figure 4-25) are qualigdyi similar to the calibration period, as are stegtistics
(shown previously in Table 4-7), confirming thataebperformance is maintained across a separage tim
period. Full statistical results are presentethénnext section.
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Figure 4-22.  Nitrate plus Nitrite-N Calibration, Ne w Hope Creek near Blands
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Figure 4-23.  Organic N Calibration, New Hope Creek  near Blands
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Figure 4-24.  Total P Simulation for New Hope Creek  near Blands, Corroboration Period
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Figure 4-25.  Total N Simulation for New Hope Creek  near Blands, Corroboration Period

The excellent fit to observed nutrient concentradiat New Hope Creek near Blands is due in part to
knowledge of the loads generated by South DurhankWFhe model is also calibrated to a station
upstream of the point source, New Hope Creek ab¥l@r Durham (B3020000). Nutrient concentrations
are lower at this station and the fit somewhatigoig-igure 4-26 and Figure 4-27); however bothltot
phosphorus and total nitrogen predictions folloes thonitored trends and are generally unbiasedvelat
to flow regime. It is important to note that thedel for New Hope Creek was not fit in isolatiort bu
rather used a common set of parameters (by RMWptlesapplied across the entire Jordan Lake
watershed and varied spatially only in accordanitie known differences in soils and geology.
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NEW HOPE CRK AT NC 54 NR DURHAM
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Figure 4-26.  Total Phosphorus Calibration, New Hope Creek at NC 54
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Figure 4-27.  Total Nitrogen Calibration, New Hope C reek at NC 54
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4.2.3 Water Quality Calibration Performance Evaluation

Due to the large number of stations calibratedjltesre presented sequentially for the primary,
secondary, and tertiary stations. Table 4-8 pewithe performance results for the calibrationgokeri
(which varies by location) at the primary statioffhe primary stations have co-located water qualit
monitoring and flow gaging and, therefore, provilde greatest value for calibrating load estimatss.
with hydrology, results are color-coded using tweking scheme described above in Table 3-2, wiibk bl
representing a “very good” fit, green “good”, yelléfair’, and orange representing a “poor” fit.

Rankings are shown for both concentration and lmad¢cordance with the QAPP; although, for the
intended uses of the model, load estimates arenst importance. However, load estimates are also
poorly known due to limited sampling and a highreéegof intraday variability during the large storms
that transport much of the total load. As a restitttistics comparing the average relative eretwben
simulated and observed loads can be inflated Ingadl sliscrepancy in a few observations at high #ow
To help adjust for this issue the median relativerds also provided as an alternative measuraafel
fit that is less sensitive to outliers.

Table 4-8 and the following tables focus on theepetage errors, consistent with the process laidhou
the QAPP for evaluation of the calibration and dégd in Section 3.1.2. It is important to note,
however, that a relatively large percentage erray neflect a comparatively small difference in
concentration if the average observed concentriitow. The table entries for Concentration Aggra
Error and Concentration Median Error show the easoa percentage, but also include the magnitude of
the error (with units of mg/L) in parentheses. ritis it will be noted, for example that an appdse
large concentration percentage average error far doof -44.7 percent at South Buffalo Creek stati
B0670000 corresponds to a discrepancy of only ab@utng/L - because the average observed total N
concentration at this station is less than 1 mg/L.

The primary stations were selected based on daihbility, not watershed characteristics, and aona
mix of watershed sizes, settings, and point soinftgences (see below). As noted above, model
parameters were optimized across all stations ahfine-tuned to individual station drainage areas.
Inevitably this results in some stations havingtidy fit than others. Overall, for total N theeeage
relative error (RE) on paired load estimates rarfiges fair to very good, with one poor rating (USGS
0209782609). The median REs on total N load drgoald or very good. For total P paired loads, the
median REs are all very good; however, five stati@teived a fair or poor rating for average lo&d R
These stations generally under-predicted totalfe@atrations at high flows. Notes regarding inaiinl
stations are provided below the table, while tisedsof potential under-prediction of total P isredded
in detail in Section 4.3.
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Table 4-8. Water Quality Performance for the Calibr  ation Period at the Primary Stations
Calibration Period 2005 - 1997 - 2005 - 1997 - 1997 - 2005 - 1997 - 1997 - 1997 - 1997 - 1997 - 2005 -
2112 2004 2112 2004 2004 2112 2004 2004 2004 2004 2004 2112
B2100000/ B3040000/ | B3660000/ USGS USGS USGS
L\Zﬂgr?:tlituent Model Component Egi?jOOFOIS EIOstf(f);%O gosgf?;go Ei;\1/v4gt0 Eigw 02096960 ?ﬁi(:(ZjSFOI? 0 02097314 | 0209741955 “Bﬂ?éijgg;%)rk 02096846 | 02097464 | 0209782609
y Haw Bynum New Hope | NE Crk 9 Cane Crk Morgan Crk | White Oak
Sample Count 85 53 86 52 147 85 120 65 57 51 59 47
Concentration -27.3% 24.1% -36.0% 17.3% 13.3% -3.7% -53.8% -64.6% 106.1% -45.3% -55.5% -62.0%
| Average Error (-2.0) (3.7) (-5.4) (3.4) (3.6) (-0.7) (-18.1) (-21.8) (9.5) (-12.5) (-21.6) (-28.2)
Tota
Suspended | Concentration -47.1% 2.2% -6.5% (- 9.6% 7.4% -30.0% -40.2% -36.8% 1.3% -14.9% -13.5% -24.8%
Sediment Median Error (-3.4) (0.3) 1.0) (1.9) (2.0) (-5.6) (-13.5) (-12.4) (0.1) (-4.1) (-5.3) (-11.3)
Load Ave Error -48.8% 15.1% -7.1% -10.0% 9.7% 61.4% 54.3% -45.0% 54.2% 221.9% 153.9% -51.2%
Load Median Error -2.4% 0.3% -0.2% 1.7% 0.4% -0.4% -6.6% -3.9% 0.1% -0.2% -0.2% -1.0%
Sample Count 84 85 86 85 174 85 151 96 57 54 62 49
Concentration 31.4% -8.1% -44.7% 24.3% 19.5% 22.7% 9.6% 20.3% 21.5% -21.0% -23.5% -39.7%
Average Error (0.1) (-0.7) (-0.3) (0.7) (0.3) (0.2) (0.4) (1.9) (0.2) (-0.2) (-0.2) (-0.3)
Total Concentration 29.7% | -10.0% | -33.7% | 25.8% 18.0% | -10.1% | 15.0% | 22.6% | 38.6% | -28.5% | -18.3% | -49.7%
Nitrogen Median Error (0.1) (-0.9) (-0.2) (0.7) (0.3) (-0.1) (0.6) (2.1) (0.3) (-0.3) (-0.2) (-0.3)
Load Ave Error 4.8% -6.4% -18.7% 29.0% 20.6% 18.7% 8.0% 33.3% -3.6% 1.3% -24.6% -41.8%
Load Median Error 2.5% -5.5% -11.0% 17.7% 7.5% -0.3% 10.6% 16.1% 3.5% -1.1% -1.2% -3.9%
Sample Count 80 85 81 85 161 80 157 95 64 51 60 49
Concentration 62.0% 10.6% -0.3% -0.9% 3.1% -2.8% 3.6% 19.5% 55.7% -44.5% -71.4% -32.8%
Average Error (0.02) (0.09) (0.00) (0.00) (0.01) (-0.01) (0.01) (0.09) (0.04) (-0.04) (-0.10) (-0.02)
Total Concentration 78.7% 6.6% -2.9% 9.9% 0.7% | -15.9% -0.3% 5.0% | 48.1% -6.2% | -35.6% | -20.0%
Phosphorus | 0 & Error (0.03) (0.05) (0.00) (0.03) (0.00) (-0.03) (0.00) (0.02) (0.03) (-0.01) (-0.05) (-0.01)
Load Ave Error -44.4% -0.9% 05% | -232% | -343% | -20.5% | -19.3% -1.5% 41.6% | -18.1% | -51.2% | -59.5%
Load Median Error 5.7% 5.1% -0.2% 5.7% 0.4% -0.7% -0.1% 1.9% 11.7% -0.1% -1.2% -0.7%

Note: Error statistics are based on simulated minus observed values.
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The individual stations shown in Table 4-8 ared®Ws (see Table 3-14 and Figure 3-3 for the map k
numbers and locations in the watershed):

Map Key 7: B0O400000 Reedy Fork at SR 2179 High RodRoad near Monticello, NC. Average RE

on paired loads is very good for total N and paortdtal P. This station is located downstrearhake
Townsend, which controls most of the flow and tredel appears to under-predict phosphorus trapping
within the lake at low flows. The fit is unbiasedthough imprecise, at high flows, and discrepasai
load estimates are due to a few extreme values iFhlso suggested by a change in sign in tla ot
load REs during the corroboration period (Tablel)-1

Map Key 9: B0540000 North Buffalo Creek at SR 2838ear Greensboro, NC. This station is
downstream of a major point source and total noitdi@ad is well simulated.

Map Key 11: BO670000 South Buffalo Creek at SR 300@ar Greensboro, NC.The drainage is
urban but does not contain major point sourcess &tEnutrient loads are good or very good, despite
some issues with total N concentrations at low §ow

Map Key 16: B1140000 Haw River at NC 49N at Haw Rer, NC. This mainstem station is
downstream of multiple lakes and point sourcesad average RE for total N is only fair during the
calibration period, but resolves to very good daittime corroboration period. The average RE on Bta
load is good for calibration and fair for corrobtima, noting that both values are close to the ¢fagd
threshold. The simulation appears to show somsis@mt under-estimation of total P load at highvi.

Map Key 24: B2100000/USGS02096960 Haw River at SR113 near Bynum, NC. This downstream
station on the Haw River is below many lakes andtmmurces. Total N loads are well simulatedngat
good during calibration and very good during coamalion; however, total P loads appear to be under-
estimated during high flow events, as with the mes station.

Map Key 26: B3025000 Third Fork Creek at NC 54 neaDurham, NC. This is an urban stream with
no major point sources. Average REs are good dguha calibration period.

Map Key 27: B3040000/USGS02097314 New Hope CreekSR 1107 near Blands, NCDetails on
the calibration process for this station, whickddsvnstream of the South Durham WRF, are presented
above in Section 4.2.2. The load simulation isdajood to very good during calibration.

Map Key 29: B3660000/USGS0209741955 Northeast CreskSR 1100 near Nelson, NCThis
station is downstream of the Triangle WWTP. Fiswaly fair for total N during the calibration peuii
likely reflecting uncertainty in the representatiafrpoint source loads, but improved to very goadrdy
the corroboration period.

Map Key 31: B3899180 Morgan Creek at Mason Farm WWP entrance at Chapel Hill, NC. This
station is upstream of the OWASA discharge, butmkiveam of University Lake. The fit to total N
loads is very good, while total P is overestimatadng calibration, and less so corroboration. rérere
discrepancies in individual concentration preditsidikely due to model representation of lake
hydraulics and nutrient processing.

Map Key 33: USGS02096846 Cane Creek near Orange Gm®, NC. This rural station is upstream of
Cane Creek Reservoir in an area with dairy farrtal N and total P load RE are very good and good,
respectively during calibration. However, durirggroboration sediment, total N, and total P loadRE
rate poor, and appear to be under-estimated affloigk for this station.

Map Key 34: USGS02097464 Morgan Creek near White @ss, NC. Station is upstream of
University Lake and has no major point sourcesm@&ehat similar to Cane Creek, calibration and
corroboration total N and total P loads all apgedre under-estimated for high flows at this statio
while sediment is overestimated.
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Map Key 35: USGS0209782609 White Oak Creek at mouttear Green Level, NC. Calibration is
generally poor at this station, for unknown reasofise watershed is on the east side of Jordan ineke
rapidly developing area. Both N and P loads tenokt under-predicted.

The secondary water quality stations consist oféneaining sites that are without impacts from majo
point sources, but do not have flow gaging. Tdbfand Table 4-12 provide the performance re$oits
the calibration and corroboration periods respebtiat the secondary stations.

Model prediction of individual load events is sonmawlimited for these stations, with four stations
receiving a poor rating on average RE for totab&ll and five stations receiving a poor rating cerage
RE for total P load. However, the median REs Hri@ ¢he good to very good range, with the exocepti
of one headwater station with a poor RE ratingdtal P. On the other hand, the magnitude of there
expressed as concentration is generally smallcrBpancies in the average REs are both positive and
negative, suggesting there may be more local \iditjatlhan is accounted for in the unified set of
parameters adopted for the model.
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Table 4-9. Water Quality Performance for the Calibr  ation Period at the Secondary Stations
L . 1997 - 1997 - 2005 - 1997 - 1997 - 1997 - 2005 - 1997 - 1997 - 1997 - 1997 -
Callorien Seree 2004 2004 2112 2004 2004 2004 2112 2004 2004 2004 2004
Model Model B0040000 | B0050000 | B0070010 B0210000 B0480050 | B1095000 B1260000 | B1940000 B1960000 B3020000 B3300000
Constituent | Component Haw R Haw R Troublesome | HawR N Buffalo Jordan Crk Town Br Alamance Alamance New Hope NE Crk
Sample Count 51 109 85 47 57 50 29 57 107 57 57
Concentration -10.9% 37.0% -53.2% 19.7% 73.6% -13.4% -86.4% 134.8% 65.5% -30.1% -17.8%
Average Error (-0.7) (2.4) (-3.8) (1.6) 4.7 (-2.0) (-15.4) (13.3) (8.2) (-7.9) (-3.9)
Total Concentration -43.6% -31.9% -51.4% 2.6% | -25.6% -25.8% -12.2% 25.4% -1.9% -35.0% -37.2%
Suspended | \\o o Eror (-3.0) (-2.1) (-3.7) (0.2) (-1.6) (-3.8) (-2.2) (2.5) (-0.2) (-9.2) (-8.2)
Sediment
Load Ave Error 9.6% 581.6% 0.6% 11.2% | 445.6% 30.2% 51.5% 560.5% 265.7% -8.0% 60.0%
'é?r"’(‘)‘: Median -19.0% -6.8% -10.9% 07% |  -1.7% -2.2% 4.7% 0.4% -0.1% 1.4% | -0.9%
Sample Count 85 139 85 65 56 46 87 57 105 57 58
Concentration 10.4% -17.9% -10.1% 25.9% | -69.0% 8.1% -52.8% 44.8% 13.4% -1.5% 20.6%
Average Error (0.0) (-0.1) (-0.1) (0.2) (-1.3) (0.0) (-0.5) (0.3) (0.3) (0.0) (0.2)
Total Concentration 13.9% -17.7% -15.5% 20.8% | -29.8% -0.6% -36.8% 48.7% 24.9% 4.8% 1.2%
Nitrogen Median Error (0.1) (-0.1) (-0.1) (0.1) (-0.5) (0.0) (-0.3) (0.4) (0.5) (0.0) (0.0)
Load Ave Error 4.1% 30.3% -1.6% 18.1% | -56.9% 32.7% -44.1% 75.7% 67.9% 11.5% -10.0%
'é?r"’(‘)‘: Median 8.5% -4.9% -3.1% 11.8% | -12.0% -0.3% 3.7% 4.6% 11.3% 0.5% 0.2%
Sample Count 87 147 80 66 64 46 87 64 110 64 64
Concentration 70.9% 15.6% 37.4% 27.4% | -48.0% 0.8% -37.4% 63.1% 9.1% 24.3% | 159.8%
Average Error (0.02) (0.01) (0.02) (0.03) (-0.14) (0.00) (-0.02) (0.03) (0.02) (0.03) (0.12)
Total Concentration 72.0% 26.2% 92.8% 24.1% | -10.3% -3.3% -8.8% 77.9% 8.0% 18.9% 93.4%
Phosphorus | Median Error (0.02) (0.01) (0.04) (0.02) (-0.03) (0.00) (-0.01) (0.04) (0.02) (0.02) (0.07)
Load Ave Error 50.9% 20.5% -24.0% 9.7% | -40.9% -7.1% -19.6% 48.5% 43.4% 2.8% 55.5%
'é‘:f(‘fr' Median 35.6% 8.6% 10.1% 15.8% |  -3.2% -0.2% -0.4% 4.4% 5.4% 0.9% 3.4%

Note: Error statistics are based on simulated minus observed values.
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The individual stations contained in the second#ayion set are as follows (see Table 3-14 andr&igu
3-3 for the map key numbers and locations in thiershed):

Map Key 1: BO040000 Haw River at SR 2109 near Oaki®ye, NC. This represents a small,
unsewered watershed at the headwaters of the I@ser-prediction of phosphorus at this station,
especially at low flow, appears to be associated thie assumptions for failure rate and phosphorus
loading from onsite wastewater disposal systems.

Map Key 2: BO0O50000 Haw River at Business US 29 neBenaja, NC. The station is downstream of
the previous site, but still upstream of the infloe of major point sources. Total P load estimates
improve to good at this site, while total N dectirte a fair rating.

Map Key 3: BO070010 Troublesome Creek at BusinessSL29 near Reidsville, NC.This station is
downstream of Reidsville Lake and nutrient processéhin the lake have a sizable influence on the
quality of model predictions. Load RE rates veppd and good at this station for total N and tBtal
respectively.

Map Key 6: B0210000 Haw River at SR 1561 near Altaahaw, NC. Nutrient load estimates are good
to very good. Although this station is includedhie secondary set, it does have some point source
influence as it is downstream of the Reidsville WRVT

Map Key 8: B0480050 North Buffalo Creek at North Bdifalo Creek WWTP influent conduit pier at
Greensboro, NC. Nutrient loads appear to be under-estimated authian station. This occurs across
the range of flows for nitrogen and may indicateadditional unknown source. RE for phosphorusdpad
but not nitrogen loads, improves during the corrabion period.

Map Key 15: B10950000 Jordan Creek at SR 1754 nebnion Ridge, NC. RE for load estimates
appears to be mostly affected by random noiseigrsthall tributary.

Map Key 18: B1260000 Town Branch at SR 2109 near @ham, NC. Concentrations and loads of
both total N and total P tend to be under-estimatddw to moderate flows, suggesting groundwater
contributions may be elevated in this area. Thifistorm flows is better, but the average RE\Non
loads is poor during calibration. The total Nifitproves to very good during corroboration, though
concentrations remain low.

Map Key 20: B1940000 Big Alamance Creek at NC 87 aeSwepsonville, NC. This site is just
upstream of the Burlington Southside dischargecolmtrast to many of the other secondary stations,
loads of N and P tend to be over-estimated atsthtion across the range of flows, resulting inrpoo
ratings during calibration. Possibly this is doeh over-estimate of onsite wastewater disposal
contributions in the upstream watershed.

Map Key 21: B1960000 Alamance Creek at SR 2116 av8psonville, NC. This site is downstream of
the Burlington Southside discharge, but was inaludehe secondary group due to the relative sizkeo
upstream watershed. The apparent over-predicfitoad at the previous site persists.

Map Key 25: B3020000 New Hope Creek at NC 54 neanitham, NC. A very good fit for
phosphorus loads is obtained at the upstream Ngve I@oeek station. Nitrogen loads tend to be over-
estimated during the corroboration period, withasegenal over-prediction occurring in all flow raisge
and all seasons; nonetheless, the median RE fogait is very good during corroboration. Calilwati

N loads rate very good for both average and meldEn

Map Key 28: B3300000 Northeast Creek at SR 1102 Seidk Road near Research Triangle Park,
NC. This station is located upstream of the Durhamnigi@ WWTP dischargeThe unified parameter
set provides a very good fit to nitrogen loads migithoth the calibration and corroboration periotibe
average RE on phosphorus load is only poor duliegtlibration period, but increases to very good
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during the corroboration period and is thus notelveld to represent a problem.

The remaining stations are presented in the tgrjeoup and include many stations affected by point
sources, but without flow gaging. A majority oEe stations are close to other monitored statiotige
primary group; thus, the amount of additional infiation provided by these stations is somewhatdidhit
Table 4-10 and Table 4-13 provide the performasselts for the calibration and corroboration pesiod
respectively at the tertiary stations.
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Table 4-10. Water Quality Performance for the Calib  ration Period at the Tertiary Stations
Calibration Period 2005 - 1997 - 1997 - 2005 - 1997 - 1997 - 1997 - 1997 - 1997 - 1997 - 1997 - 1997 -
2112 2004 2004 2112 2004 2004 2004 2004 2004 2004 2004 2004
Model Model Component B0160000 | B0170000 | B0540050 | B0750000 | B0840000 | B0850000 | B1200000 | B1440000 | B1980000 | B2000000 | B3300000 | B3900000
Constituent P L Trouble Haw R N Buffalo S Buffalo Reedy Fk Haw R Haw R Haw R Haw R Haw R NE Crk Morgan Ck
Sample Count 29 57 57 94 81 57 58 57 53 52 57 113
Concentration -37.8% |  46.6% 15.6% | -23.3% | -34.7% | 47.8% 48.2% 55.6% 4.3% -6.1% | -68.8% | -29.7%
Average Error (-4.9) (4.6) (1.6) (-3.0) (-6.7) (7.3) (7.5) (8.7) (0.8) (-1.2) (-34.9) (-5.5)
Total
Suspended | Concentration -235% | -22.2% 5.9% | -1.8% (- 7.7% 5.8% 15.7% 16.7% 3.1% 10.4% | -41.8% | -11.1%
Sediment Median Error (-3.1) (-2.2) (0.6) 0.2) (1.5) (0.9) (2.4) (2.6) (0.6) (2.1) (-21.2) (-2.1)
Load Ave Error -13.3% 251.5% 50.7% -50.5% -66.8% 217.6% 241.1% 229.2% 18.7% -33.1% -68.8% -9.0%
Load Median Error -7.8% -2.0% 0.6% -0.3% 0.9% 0.5% 1.0% 1.2% 1.2% 0.8% -2.6% -3.1%
Sample Count 87 58 57 149 115 57 58 56 46 58 57 146
Concentration 162.0% -2.2% 13.4% 10.6% 9.2% -6.0% 16.2% 14.1% 2.0% 14.1% | 37.5% | 71.9%
Average Error (1.2) (0.0) (1.1) 0.7) (0.5) (-0.2) (0.5) (0.4) (0.1) (0.3) (3.5) (3.4)
Total Concentration 154.2% -2.1% 6.4% 7.9% 10.7% -4.9% 13.3% 13.2% 6.2% 17.0% 343% | 53.2%
Nitrogen Median Error (1.2) (0.0) (0.5) (0.5) (0.5) (-0.2) (0.4) (0.4) (0.2) (0.3) (3.2) (2.5)
Load Ave Error 107.7% 33.8% -4.4% 6.3% -12.1% -7.5% 32.2% 32.7% 1.4% 25.1% 4.9% 63.4%
Load Median Error 86.2% -0.6% 7.4% 7.0% 9.2% -3.1% 14.6% 10.3% 6.1% 11.3% 22.4% 55.8%
Sample Count 87 65 64 144 120 64 65 64 53 58 64 152
Concentration 157.2% 11.6% 53.4% 14.3% 12.6% 20.2% 40.0% 17.7% 6.4% -4.1% 65.7% 97.5%
Average Error (0.13) (0.01) (0.30) (0.10) (0.07) (0.07) (0.112) (0.05) (0.02) (-0.01) (0.17) (0.19)
Total Concentration 115.6% 21.5% 49.1% 7.8% 16.9% 20.2% 30.4% 10.0% 9.3% 1.7% 32.3% | 39.6%
Phosphorus | 0 e o (0.10) (0.03) (0.28) (0.05) (0.09) (0.07) (0.08) (0.03) (0.03) (0.00) (0.08) (0.08)
Load Ave Error 89.4% -1.7% 29.2% -4.4% -25.7% -7.1% 40.0% 11.4% -10.3% -30.1% 9.3% 57.9%
Load Median Error 66.3% 8.5% 39.4% 6.1% 9.2% 9.1% 20.0% 7.4% 8.1% 1.1% 9.4% 24.3%

Note: Error statistics are based on simulated minus observed values.

@ TETRATECH

143




Jordan Watershed Model July 2014

The individual stations contained in the tertiaigtion set are as follows (see Table 3-14 and Eig3
for the map key numbers and locations in the whests

Map Key 4: B0160000 Little Troublesome Creek at SR600 near Reidsville, NC.This station is
downstream of the Reidsville WWTP. Over-predictadrboth nitrogen and phosphorus load and
concentration suggests the load from this point®might be over-estimated.

Map Key 5: B0170000 Haw River at SR 2620 High RodRoad near Williamsburg, NC. Located
downstream of both Little Troublesome Creek andiReile Lake, this station is influenced by botke th
WWTP and lake outflow. Performance is mixed & gtation.

Map Key 10: B0540050 North Buffalo Creek at SR 2778 uffine Mill Road near Mcleansville, NC.
Downstream of the Greensboro discharge and alsastosam of primary station B0540000.

Map Key 12: BO750000 South Buffalo Creek at SR 282t Mcleansville, NC. Downstream of
primary station BO750000.

Map Key 13: B0840000 Reedy Fork at NC 87 at OssipadC. Station is downstream of the
confluence with Buffalo Creek and is thus affedgdoth Greensboro WWTP discharges

Map Key 14: BO850000 Haw River at SR 1530 GerringaWlill Road near Ossipee, NC.Mainstem
Haw River below Reedy Fork.

Map Key 17: B1200000 Haw River at NC 54 near GraharrNC. Mainstem, downstream of primary
station B1140000.

Map Key 19: B14400000 Haw River at SR 2158 Swepsdliey Road near Swepsonville, NC.
Downstream of previous station, upstream of Alaraadeek.

Map Key 22: B19800000 Haw River at SR 2171 at Saxalpaw, NC. Mainstem, below Alamance
Creek.

Map Key 23: B2000000 Haw River at SR 1005 near Sgxahaw, NC. Mainstem, downstream of
previous station. When this station and the previhree are examined as a group, the trend isatat
N tends to be overestimated throughout the sinariatResults are mixed for total P with a tendency
towards under-prediction.

Map Key 30: B3670000 Northeast Creek at SR 1731 O#{ly Church Road near Durham, NC. This
station is downstream of the Triangle WWTP discharBit for loads is very good.

Map Key 32: B3900000 Morgan Creek at SR 1726 neamFrington, NC. Morgan Creek below the
OWASA discharge. Total N and total P loads arerofiver-estimated at low to moderate flows during
calibration, suggesting potential inaccuraciesqspoint source discharge record. Performanceownasr
to very good during corroboration.

4.2.4 Water Quality Corroboration Performance Evaluation

Model parameters were developed on the calibrgtésiod results for each station. After calibrafitive
resulting model was then applied to a separat®boration period. The results are presented balow
Table 4-11 through Table 4-13 for the primary, selaoy, and tertiary stations, respectively.
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Table 4-11. Water Quality Performance for the Corro  boration Period at the Primary Stations
Corroboration Period 1997 - 2005 - 1997 - 2005 - 2005 - 1997 - 2005 - 2005 - 2005 - 2005 - 2005 - 1997 -
2004 2112 2004 2112 2112 2004 2112 2112 2112 2112 2112 2004
B2100000/ B3040000/ | B3660000/ USGS USGS USGS
?Zﬂgr?:tlituent Model Component SgigOOFOI? Elostf(f)a?l(c);o goggf?ggo E;ng Eigw 02096960 ?ﬁ%spof 0 02097314 | 0209741955 I\B/I3o?92r118C(:)rk 02096846 | 02097464 | 0209782609
y Haw Bynum New Hope | NE Crk g Cane Crk Morgan Crk | White Oak
Sample Count 35 30 57 30 258 57 247 194 85 45 42 38
Concentration 67.0% 17.6% -55% | 101.2% | 36.5% | -15.4% -9.1% | -18.6% 8.8% | -625% | 25.2% 29.3%
Average Error (6.4) (1.6) (-0.7) (7.5) (4.5) (-3.7) (-1.8) (-3.8) (1.3) (-31.3) (2.5) (5.8)
;ﬂ;ap')en ded | Concentration -27.9% | -10.9% | -17.9% | 71.7% | 33.9% | -27.3% | -47.9% | -30.2% -0.5% -8.2% | -35.6% | -39.8%
Sediment Median Error (-2.7) (-1.0) (-2.4) (5.3) (4.2) (-6.5) (-9.5) (-6.2) (-0.1) (-4.1) (-3.5) (-7.9)
Load Ave Error 259.1% 8.4% 48.0% 60.2% -7.0% 2.8% 138.4% 43.3% 21.1% -64.5% 120.1% 207.2%
Load Median Error -1.0% -1.1% -0.4% 23.1% 2.4% -0.3% -9.9% -3.0% 0.0% -0.2% -2.3% -2.5%
Sample Count 34 86 57 86 261 57 252 198 85 62 43 38
Concentration -0.2% 8.9% | -56.9% 5.3% 19.0% | -14.5% 10.5% 4.1% -5.0% | -44.8% 3.1% | -38.6%
Average Error (0.0) (0.8) (-0.6) 0.2) (0.3) (-0.2) (0.5) (0.1) (-0.1) (-0.6) (0.0) (-0.2)
Total Concentration 10.5% 2.5% | -45.2% 3.5% 9.6% | -10.7% 8.9% 2.9% 10.9% | -31.8% 32% | -47.1%
Nitrogen Median Error (0.1) (0.2) (-0.5) (0.1) (0.2) (-0.1) (0.4) (0.1) (0.1) (-0.4) (0.0) (-0.3)
Load Ave Error 38.2% -6.3% -45.8% -5.1% 4.7% -29.9% -9.1% 4.3% 11.1% -56.3% -36.5% -23.5%
Load Median Error 0.5% 1.7% -8.7% 3.9% 6.8% -1.2% 5.9% 1.4% 1.6% -7.8% 0.5% -4.3%
Sample Count 35 86 64 86 256 64 246 197 80 62 43 34
Concentration 37.8% |  44.3% 5.8% 14.3% 18.0% 15.9% 0.5% -0.8% 11.9% | -67.1% | -39.8% 1.2%
Average Error (0.02) (0.18) (0.00) (0.03) (0.03) (0.02) (0.00) (0.00) (0.01) | (-0.11) | (-0.03) (0.00)
Total Concentration 52.4% | 35.7% -7.0% 14.3% 16.9% 0.0% -0.3% -5.6% 24.4% | -11.9% (- | -22.2% -1.4%
Phosphorus | v\ o Error (0.03) (0.14) (-0.01) (0.03) (0.02) (0.00) (0.00) (-0.02) (0.02) 0.02) (-0.02) (0.00)
Load Ave Error 70.3% 22.0% -28.7% -25.0% -38.5% -8.4% -26.5% -16.8% 18.2% -713.7% -57.7% -38.6%
Load Median Error 5.9% 19.3% -0.3% 6.0% 5.4% 0.0% -0.1% -2.1% 13.3% -0.9% -2.3% -0.1%

Note: Error statistics are based on simulated minus observed values.
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Table 4-12. Water Quality Performance for the Corr  oboration Period at the Secondary Stations
. . 2005 - 2005 - 1997 - 2005 - 2005 - 2005 - 1997 - 2005 - 2005 - 2005 - 2005 -
Cellckaintbylesiicd 2112 2112 2004 2112 2112 2112 2004 2112 2112 2112 2112
Model Model Component B0040000 B0050000 | B0070010 B0210000 B0480050 B1095000 B1260000 B1940000 B1960000 B3020000 B3300000
Constituent P Haw R Haw R Troublesome | Haw R N Buffalo Jordan Crk | Town Br Alamance Alamance New Hope NE Crk
Sample Count 29 86 57 29 85 27 51 85 80 84 85
Concentration 182.6% | 92.8% -35.8% 66.2% 94.6% 87.1% 76.2% 19.1% -0.5% -12.8% -10.2%
Average Error (10.8) (5.3) (-2.4) (5.6) (3.9) (13.1) (6.9) 1.7) (0.0) (-2.5) (-1.7)
Total
Suspended Concentration -35.0% | -26.8% -35.6% 12.6% -25.5% -19.9% -5.5% 10.9% | -11.1% (- -46.2% -51.6%
Sediment Median Error (-2.1) (-1.5) (-2.4) (1.1) (-1.0) (-3.0) (-0.5) (1.0) 0.9) (-9.0) (-8.8)
Load Ave Error 361.4% 246.1% 151.1% 75.3% 166.8% 298.7% 272.4% 25.7% 11.5% 147.1% 216.4%
Load Median Error -11.7% -6.0% -2.9% 1.5% -0.6% -1.4% -0.1% 1.5% -1.5% -4.6% -2.1%
Sample Count 87 87 55 87 87 1 84 85 131 85 85
Concentration 19.0% 5.3% -20.4% -0.6% -56.0% -43.7% 77.0% 9.3% 63.4% 47.0%
Average Error (0.1) (0.0) (-0.2) (0.0) (-0.4) (-0.3) (0.4) (0.2) (0.4) (0.3)
Total Nitrogen | Concentration 9.1% -7.2% -7.2% 5.6% -54.2% -40.1% 85.5% 11.3% 24.8% 14.4%
Median Error (0.0) (0.0) (-0.1) (0.0) (-0.4) N/A (-0.3) (0.5) (0.2) (0.2) (0.1)
Load Ave Error 39.1% 34.8% 7.1% -5.5% -49.5% -8.4% 56.9% 17.7% 41.4% -4.1%
Load Median Error 3.2% -2.2% -1.1% 3.6% -20.3% -2.7% 25.7% 10.0% 3.5% 0.8%
Sample Count 87 83 64 87 82 1 84 80 131 80 80
Concentration 48.5% 5.5% 19.4% 3.6% -14.3% -30.4% 99.3% 18.4% 24.3% 72.4%
Average Error (0.02) (0.00) (0.01) (0.00) (-0.01) (-0.02) (0.04) (0.05) (0.03) (0.07)
Total Concentration 33.9% | 23.0% 59.1% 13.2% -7.0% -11.8% | 119.4% 10.6% 14.5% 33.5%
Phosphorus Median Error (0.01) (0.01) (0.03) (0.01) (0.00) N/A (-0.01) (0.05) (0.03) (0.02) (0.03)
Load Ave Error 61.6% -20.9% 20.5% -29.9% -15.6% -13.3% -3.5% -10.1% -10.7% -0.5%
Load Median Error 17.0% 5.5% 4.8% 4.3% -2.6% -0.1% 21.7% 9.7% 1.6% 1.5%

Note: Error statistics are based on simulated minus observed values.
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Table 4-13. Water Quality Performance for the Corro  boration Period at the Tertiary Stations
Corroboration Period 1997 - 2005 - 2005 - 1997 - 2005 - 2005 - 2005 - 2005 - 2005 - 2005 - 2005 - 2005 -
2004 2112 2112 2004 2112 2112 2112 2112 2112 2112 2112 2112
Model Model Component B0160000 | B0170000 | B0540050 | B0750000 | B0840000 | B0850000 | B1200000 | B1440000 | B1980000 | B2000000 | B3300000 | B3900000
Constituent P L Trouble Haw R N Buffalo S Buffalo Reedy Fk Haw R Haw R Haw R Haw R Haw R NE Crk Morgan Ck
Sample Count 56 85 86 111 28 64 85 85 30 85 85 262
Concentration -20.0% -9.9% 93.3% | -19.3% | 102.0% 31.4% 35.6% 65.3% 38.1% 32.0% | -58.2% | -24.2%
Average Error (-3.3) (-1.3) (3.8) (-3.6) (8.1) (2.5) (4.1) (6.6) 4.7) (4.0) (-17.8) (-3.5)
Total
Suspended | Concentration -25.5% -9.5% 26.8% 24% | 47.9% 10.3% 24.6% 29.9% 18.9% 12.5% | -37.5% | -25.9%
Sediment Median Error (-4.2) (-1.3) (1.1) (0.5) (3.8) (0.8) (2.8) (3.0) (2.3) (1.6) (-11.5) (-3.7)
Load Ave Error -6.8% -31.3% 230.7% -34.3% 83.0% 0.3% -5.1% 13.5% 14.5% -7.9% -23.2% 52.6%
Load Median Error -13.6% -1.7% 8.6% 0.3% 11.4% 2.6% 4.6% 7.7% 7.5% 1.5% -5.1% -9.6%
Sample Count 87 85 86 126 86 64 85 85 1 85 85 265
Concentration 130.0% 4.7% 28.9% 0.2% 13.4% 34.3% 34.6% 27.0% 21.6% 23.7% | 13.9%
Average Error (1.5) (0.0) (2.2) (0.0) (0.6) (0.9) (0.9) 0.7) (0.4) (0.5) (0.9)
Total Concentration 86.6% -1.9% 22.5% 0.1% 9.6% 28.3% 32.5% 20.8% 13.9% 17.1% | 12.3%
Nitrogen Median Error (1.0) (0.0) 1.7) (0.0) (0.5) (0.8) (0.8) (0.5) N/A (0.3) (0.4) (0.8)
Load Ave Error 80.3% 1.7% 22.7% -2.1% 4.1% 19.0% 24.6% 19.2% 18.2% 9.2% 10.2%
Load Median Error 68.0% -1.5% 20.8% 0.0% 5.7% 20.2% 21.6% 19.3% 8.3% 9.3% 10.7%
Sample Count 89 80 81 130 86 59 80 80 1 80 80 259
Concentration 229.4% -13.3% 46.4% 18.9% -34.2% 32.3% 20.5% 10.3% 17.0% 20.2% 16.1%
Average Error (0.33) (-0.01) (0.17) (0.16) (-0.21) (0.08) (0.04) (0.02) (0.03) (0.06) (0.04)
Total Concentration 172.4% 10.9% 38.7% 12.7% 6.7% 21.2% 26.7% 18.6% 16.2% 8.8% 4.3%
Phosphorus | v o Error (0.25) (0.01) (0.14) (0.11) (0.04) (0.05) (0.06) (0.04) N/A (0.03) (0.03) (0.01)
Load Ave Error 105.7% -42.7% 31.5% 5.0% -36.6% -4.1% -15.1% -26.0% -33.7% 3.7% 9.6%
Load Median Error 108.5% 3.4% 25.7% 10.1% 4.5% 17.0% 14.7% 11.5% 7.6% 6.0% 2.6%

Note: Error statistics are based on simulated minus observed values.
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4.2.5 Consistency and Bias Evaluation

Statistics on fit, especially for paired loads, difcult to interpret because they may be thravfihby a
few outliers or temporary changes in conditionsultng in spurious poor ratings. It is usefuptrform
a check of consistency between the calibrationcamnbboration periods to help identify areas of
consistent bias. The consistency check is showialole 4-14. In this table, a code of 0 is assignken
the average relative error achieves a rating otlgwosery good. If the rating is fair or poor, thign of
the RE is shown, with “+” indicating over-prediati@and “-” for under-prediction. Two stations ladke
sufficient total N and total P monitoring data dhgricorroboration for statistical assessment, sy tha
calibration bias rating is shown.

For total N, at 30 of 35 stations a good or batiéng (symbol “0") was achieved on load relativeoein
either the calibration or corroboration period otth One of the stations without a corroborati@sb
rating had positive bias during calibration. Atyofour stations is the bias consistent and sigaii,
three having a consistently positive relative eaatd one having a consistently negative relativerer

For total P, 26 of 35 stations attain a good oteédit in either the calibration or corroboratipariod or
both. Of the remaining nine stations, three hatsistently significant positive REs, five had catently
negative REs, and one switched from positive tatieg bias (indicating absence of a consistenf) bias

Table 4-14. Bias Consistency Check on Nutrient Load Relative Error for Water Quality Calibration
and Corroboration

Station Group Total N Total P
B0400000 Primary o/+ -/ +
B0540000 Primary 0/0 0/0
B0670000 Primary 0/- 0/-
B1140000 Primary +/0 0/-
B2100000/USGS 02096960 Primary 0/0 -/-
B3025000 Primary 0/- 0/0
B3040000/USGS 02097314 Primary 0/0 0/-
B3660000/USGS 0209741955 Primary +/0 0/0
B3899180 Primary 0/0 +/0
USGS 02096846 Primary 0/- 0/-
USGS 02097464 Primary 0/- -/-
USGS 0209782609 Primary -10 -/-
B0040000 Secondary o/+ +/+
B0050000 Secondary +/+ 0/0
B0070010 Secondary 0/0 0/0
B0210000 Secondary 0/0 0/-
B0480050 Secondary -/- -/0
B1095000 Secondary +/ND 0/ND
B1260000 Secondary -/0 0/0
B1940000 Secondary +/+ +/0
B1960000 Secondary +/0 +/0
B3020000 Secondary o/+ 0/0
B3300000 Secondary 0/0 +/0
B0160000 Tertiary +/+ +/+
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Station Group Total N Total P
B0170000 Tertiary +/0 0/-
B0540050 Tertiary 0/0 +/+
B0750000 Tertiary 0/0 0/0
B0840000 Tertiary 0/0 -/-
B0850000 Tertiary 0/0 0/0
B1200000 Tertiary +/0 +/0
B1440000 Tertiary +/0 0/-
B1980000 Tertiary 0/ND 0/ND
B2000000 Tertiary +/0 -/ -
B3670000 Tertiary 0/0 0/0
B3900000 Tertiary +/0 +/0

While the percentage discrepancies between obsanedimulated concentration is variable across the
watershed, the actual magnitude of the differercgsenerally small. Average concentration errors
across all stations are summarized in Table 4Hd.the primary and secondary stations, the average
concentration error for total N is well less thaB thg/L, while the average concentration errortdéoal P

is less than or equal to 0.02 mg/L. Substantialiger concentration errors are estimated forehéaty
stations. These are generally stations that anmstoeam of major point source discharges, but flavk
gaging. The additional uncertainty in hydrologyeda lack of gaging may contribute to the apparent
concentration discrepancies, but it is likely ttietse discrepancies are primarily attributableaty-th-

day variations in point source loading that aregagttured in available discharge monitoring.

Table 4-15. Summary of Average Concentration Errors (mg/L) across All Stations

Primary Secondary Tertiary
Stations Stations Stations
Calibration
Total N Average Error 0.164 -0.074 0.951
Total P Average Error 0.007 0.010 0.101
Corroboration
Total N Average Error 0.030 0.056 0.794
Total P Average Error 0.013 0.020 0.064

4.2.6 Evaluation of Delivered Loads

Analyses in the previous section reported pairedparison of simulated loads to same-day loads
estimated from observations. A further check warsedby comparing complete load time series. Her th
exercise, observed concentrations and loads weneeded to total load estimates using the USGS
LOADEST software, with the adjusted maximum likelifd estimation (AMLE) procedure that accounts
for censored values and automated selection ofrbedel form based on maximizing information and
minimizing variance (Runkel et al., 2004).
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LOADEST provides multiple model forms for fittingdd series with logarithmic transform, including
options for linear and non-linear terms on flow amadltiple terms related to a time variakdéime which

is a measure of the distance from the center ofrthieitored time period. We used automated selectio
of model form based on the Akaike Information Grdge. LOADEST analyses were conducted at seven
monitoring locations where both water quality olbaéipns and flow gaging are available. This inelsid
stations representing each of the major river imjntb Jordan Lake. These are the Haw River auByn
(representing the majority of the drainage arearddn Creek, New Hope Creek, and Northeast Creek.
These seven stations generally had extensive agéngime and include samples that cover the ntgjor
of the range of gaged flows. Detailed informatiomthe LOADEST model selection, sample size, and
temporal and flow range coverage is provided inlgddbl6. These stations have generally large skttt
that cover the period of interest and include Higlv samples. In all cases, less than 1 percefibaf
were larger than the largest sampled flow.

Table 4-16. LOADEST Model Application Details

Haw New

Buffalo River - Haw River - Morgan Hope Northeast Reedy

Creek Bynum Haw River Creek Creek Creek Fork
}\l"o"’\‘/;"m”m sampled 1,143 31,100 7,570 814 1,000 1,120 3,910
?I/'Oa\‘/;“m”m gaged 2,493 39,300 14,300 2,261 6,000 1,940 3,910
Percent of days
above maximum 0.40% 0.10% 0.50% 0.30% 0.80% 0.10% 0.00%
sampled flow
Sample Count 205 442 175 471 470 299 120

04/24/2000- | 01/30/1997- 01/30/1997- 01/30/1997- | 01/15/1997- | 01/15/1997- | 02/04/2002-

Date Range 01/23/2012 04/18/2012 04/16/2012 04/18/2012 | 09/19/2012 | 09/19/2012 | 01/23/2012
TN model 7 6 5 9 9 7 3
TP model 9 9 8 9 9 7 7

The following LOADEST models are used (Runkel et al., 2004):

3:a0 +al InQ + a2dtime
5: a0 +alInQ + a2 InQ2 + a3dtime

7:a0 +alInQ + a2 sin(2 = dtime) + a3 cos (2 xdtime) + addtime

8:a0 +alInQ + a2 InQ2 + a3 sin(2 xdtime) + a4 cos(2 ndtime) + a5dtime

9:a0 +allnQ + a2 InQ2 + a3 sin(2 = dtime) + a4 cos(2 = dtime) + a5dtime + a6dtime2

In these equations, InQ = In(streamflow) - center of In(streamflow); dtime = decimal time - center of decimal time.
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LOADEST is subject to uncertainty, as are all lestimates based on non-continuous data; howe\er, th
a firm

use of automated selection of model form in LOADEE&Moves user selection bias and provides

basis for comparison. In addition, LOADEST prowdsstimates of uncertainty based on the variability
in the relationship between flow and observed cotteéon (but not accounting for any measurement

error). Graphical comparisons for the four doweetn stations are shown in Figure 4-28 through

Eigur

4-43, separated by calibration and corroboratigioge. A summary of loading results for all seven

stations over the entire period of simulation isganted in Table 4-17.

Haw River near Bynum, NC - Calibration Period

Monthly TN load (tons)

,QQ \,QQ ,Q\' ,Q'\' 'Q'\/ \’6\/ ’6’) \9”)
N \'b(\ N \’bo N \’b(\ N \’bo N \’bo N \’bQ )

LOADEST 95% Confidence Interval ~ —/x—LOADEST —@—LSPC

Figure 4-28.  Simulated and LOADEST Observed Monthly ~ Total Nitrogen Loads, Haw River at
Bynum (B2100000), Model Calibration Period
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Haw River near Bynum, NC - Corroboration Period

Monthly TN load (tons)

LOADEST 95% Confidence Interval ~ —/—LOADEST —@—LSPC

Figure 4-29.  Simulated and LOADEST Observed Monthly  Total Nitrogen Loads, Haw River at
Bynum (B2100000), Model Corroboration Period

Haw River near Bynum, NC - Calibration Period
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Figure 4-30.  Simulated and LOADEST Observed Monthly  Total Phosphorus Loads, Haw River at
Bynum (B2100000), Model Calibration Period
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Haw River near Bynum, NC - Corroboration Period
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Figure 4-31.  Simulated and LOADEST Observed Monthly  Total Phosphorus Loads, Haw River at
Bynum (B2100000), Model Corroboration Period

Morgan Creek at SR1726 - Calibration Period

Monthly TN load (tons)

LOADEST 95% Confidence Interval ~ —/x—LOADEST —@—LSPC

Figure 4-32.  Simulated and LOADEST Observed Monthly  Total Nitrogen Loads, Morgan Creek at
SR 1726 (B3900000), Calibration Period
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Figure 4-33.

Simulated and LOADEST Observed Monthly
SR 1726 (B3900000), Corroboration Period

Total Nitrogen Loads, Morgan Creek at

Monthly TP load (tons)
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Figure 4-34.
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Morgan Creek at SR1726 - Validation Period
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Figure 4-35.  Simulated and LOADEST Observed Monthly ~ Total Phosphorus Loads, Morgan
Creek at SR 1726 (B3900000), Corroboration Period

New Hope Creek nr Blands - Calibration Period
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Figure 4-36.  Simulated and LOADEST Observed Monthly  Total Nitrogen Loads, New Hope
Creek at SR 1107 (B3040000), Calibration Period
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New Hope Creek nr Blands - Corroboration Period
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Figure 4-37.  Simulated and LOADEST Observed Monthly  Total Nitrogen Loads, New Hope
Creek at SR 1107 (B3040000), Corroboration Period
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Figure 4-38.  Simulated and LOADEST Observed Monthly ~ Total Phosphorus Loads, New Hope
Creek at SR 1107 (B3040000), Calibration Period
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New Hope Creek nr Blands - Corroboration Period
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Figure 4-39.  Simulated and LOADEST Observed Monthly  Total Phosphorus Loads, New Hope
Creek at SR 1107 (B3040000), Corroboration Period

Northeast Creek at SR1100 - Calibration Period
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Figure 4-40.  Simulated and LOADEST Observed Monthly  Total Nitrogen Loads, Northeast Creek
at SR1100 (B3660000), Calibration Period
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Northeast Creek at SR1100 - Corroboration Period
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Figure 4-41.  Simulated and LOADEST Observed Monthly  Total Nitrogen Loads, Northeast Creek
at SR1100 (B3660000), Corroboration Period

Northeast Creek at SR1100 - Calibration Period
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Figure 4-42.  Simulated and LOADEST Observed Monthly ~ Total Phosphorus Loads, Northeast
Creek at SR1100 (B3660000), Calibration Period
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Northeast Creek at SR1100 - Corroboration Period
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Figure 4-43.

Simulated and LOADEST Observed Monthly
Creek at SR1100 (B3660000), Corroboration Period

Table 4-17. Comparison of LSPC and LOADEST Average

Annual Loads, 1997 - 2012

Total Phosphorus Loads, Northeast

Station Total Nitrogen (tons / yr) Total Phosphorus (tons / yr)
Relative Relative

LOADEST LSPC i LOADEST LSPC i

Haw River at Bynum (B2100000 1,513 1.672 10.5% 200 141 -29.6%

and gage 02096960) (1,418-1,611) | = ° (179 - 222) L

Morgan Creek at SR 1726 120 169 41.1% 7 8 15.7%

(B3900000 and gage 02097517) (112 -129) (5-8)

New Hope Creek at SR 1107 164 204 24.0% 19 16 -15.4%

(B3040000 and gage 02097314) (155 -174) (17-22)

Northeast Creek at SR 1100 88 . 9 .

0209741955)

Haw River at Haw River, NC 1,043 1.269 -24.4% 141 107 -24.4%

(B210000 and gage 02096500) (956 - 1,136) (115-171)

North Buffalo Creek at SR 2770 356 . 22 0

(B0540050 and gage (307 - 410) 340 -4.4% (18 . 28) 29 30.8%

0209553650)

Reedy Fork near Gibsonville, NC 63 52 -17.2% 6 5 -17.5%

(B0400000 and gage 02094500) (50 -77) (4-9)
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In terms of annual loads, the model achieves ay“gend” fit to LOADEST loads of total phosphorus in
Northeast Creek, and a “good” fit in Morgan Credkw Hope Creek, Haw River at Haw River, and
Reedy Fork. For the Haw River at Bynum, the fittfital phosphorus is only fair, with the load gextly
being under-estimated. This discrepancy is betidoeoe associated with loads derived instream, as
discussed further below in Section 4.3.2. Forl tateogen, the fit is rated as “very good” for H&wer
at Bynum, and North Buffalo Creek, while the fir&ed as “good” for New Hope Creek, Haw River at
Haw River, and Reedy Fork. In Northeast CreeKithe only fair, with over-estimation by the model
relative to LOADEST. This problem may be associatéth the quantification of the point source
discharge to Northeast Creek. Likewise in Morgaeek the fit is poor, with over-estimation by the
model relative to LOADEST. The Morgan Creek moriitg stations is downstream of the OWASA
WWTP discharge, so quantification of the point seunay have contributed to the discrepancy.

4.3 MODEL ASSESSMENT AND INTERPRETATION

4.3.1 Summary of Hydrology Simulation

Hydrologic calibration was successful and providesasonable basis for the water quality model,
despite some localized discrepancies. Hydrologyelk represented at key points for dominant inflow
into Jordan Lake: Haw River, New Hope Creek, andiMmst Creek. Total flow volume is over-
simulated for Morgan Creek downstream of Univerkae, likely due to the influence of active
management of the lake. The error on the highegetcent of flows at the downstream Morgan Creek
gage during calibration is acceptable, so domitaatding events are well represented.

Locations with fair or poor ratings on hydrologyibeation measures are largely confined to the &loff
Creek drainage system. Sources of error are rawkiout may be related to variation in soils ormpoo
representation of local precipitation by the Gréens Airport station. This station is on the weste
edge of the watershed. Annual precipitation tatadsease from west to east (from 42.2 in/yr at
Greensboro Airport to 46.93 in/yr at Chapel Hil}dsalso from south to north in the watershed. The
Greensboro Airport station has the lowest annuatipitation total of all the weather stations usatj
the east-west precipitation gradient may accountifaler-prediction of flows in the Buffalo Creek
watershed.

4.3.2 Summary of Water Quality Simulation

The water quality model was built with a unified eeparameters that vary according to land usiés,so
and geology. The model was calibrated simultanigdas35 different stations, ensuring a broad and
representative sample of watershed conditions.il&wa monitoring data provide an imprecise targst,
laboratory analytical results have associated waicey, especially when concentrations are neastjmal
quantification limits. In addition, most samplgalare point-in-time grab samples, which are exqubtd
be imprecise estimates of the daily average coretéon predictions produced by the model. Calibrat
thus consists of comparing two uncertain numbé&ige calibration strategy avoided arbitrary adjusttae
to upland parameter values to obtain better fiisdtes in individual catchments as good practavoid
over-fitting to data that are limited in coveragarticularly for high-flow events.

As a result of these considerations, relativelgéaapparent percent differences between obsergadiaoh
predictions are acceptable at some stations asaetige unified parameter set provides reasonabldts
across stations in aggregate. Analysis showdhkadbsolute magnitude of errors is generally sraafd
that higher percentage errors generally reflectibageline concentrations.

The water quality calibration included assuringse@ble simulation of water temperature, DO,
sediment, and nutrients, examining both concentratand loads; however, the evaluation relativbdo
intended uses of the model should focus primanilbility to predict nutrient loads. Evaluationtbé
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accuracy of load predictions is difficult becausad is not directly measured, but inferred from
infrequent concentration monitoring and flows. tiStecal comparison of paired daily estimated and
simulated loads show that a majority of statiomkras “good” or “very good” in either the calibiati or
corroboration period or both, suggesting that mdetlictions of load at most stations do not hawe a
consistent bias. Comparison to LOADEST estimatesass flux showed a good or very good fit for
total phosphorus, except for Haw River and Nortlff&a Creek, and a good or very good fit for total
nitrogen, except for Northeast Creek and MorgarelCrél' he discrepancies in mass flux in North Buffal
Creek, Northeast Creek, and Morgan Creek appemapty attributable to uncertainty in the
specification of daily time series of point souloads.

Discrepancies relative to LOADEST for total phospisp in which load appears under-predicted at high
flows, are seen in the Haw River at Bynum and HawveRat Haw River. Data at the Bynum station
suggest that the “missing” phosphorus load is piilsnan organic form. Because loading rates bydlan
use appear reasonable and there is not a congisiéat-prediction of phosphorus load in small
headwater streams, it is likely that the un-simadagxcess load is derived from instream sources.
Specifically, it appears likely that high flow exsmay mobilize organic detritus stored behind the
several run-of-river dams present in the Haw, idiclg the dam at Bynum, resulting in increased tBtal
concentrations at high flows. Solids in these sigra likely to be highly enriched in organic mattae

to historical WWTP and textile mill discharges. RS (as does the parent HSPF model) includes an
algorithm to associate orthophosphate with erodedyanic sediment; however, the model does not
include any mechanism to represent the mobilizatfasrganic muck and associated organic nutrients
from behind low head dams during high flow evenfibus, the additional loading from these areas may
need to be estimated external to the watershedlmode

In New Hope Creek, Northeast Creek, and MorganiCitke LOADEST analysis suggests over-
estimation of total nitrogen load by the model.r Rew Hope Creek, LOADEST continuous time series
of loads of N appear to be generally over-preditigthe model from 2005 to present, despite the fac
that the paired comparison of loads on days witteiguality samples yielded good fit ratings. For
Northeast Creek, downstream of the Durham Tria®\&TP, apparent over-prediction of TN load
occurs for the 2001 — 2006 period, while in Mor@aeek below the OWASA discharge TN load is
estimated in most years. For all three waterbadthesliscrepancies seem likely to be associatdd wit
estimates of point source loading resulting fromeripolation of approximately weekly measurements of
effluent concentrations of total N to continuousdiseries.

For nonpoint source loads the model appears t@pe=aimately unbiased, although imprecise in
simulating responses to individual events. Giveat the purpose of the model is to evaluate tragivel
magnitude of annual loads the model is adequétestg although further improvement could be pursued

4.3.3 Sensitivity Analyses

Several detailed sensitivity analyses were underta@ further elucidate model performance and
predictions. The first two sensitivity analysesia$sed key areas of uncertainty in source load
estimation: the nitrogen load from atmospheric déjmn and the nitrogen and phosphorus load derived
from onsite wastewater systems. Specificallyatmospheric deposition scenario investigated the
implications of using the higher loading estimdtesn the CMAQ model as opposed to estimates from
CASTNET (see discussion in Section 2.5.2). Thévdedd loads attributed to onsite wastewater system
are also known to be subject to high levels of uagay (Section 2.7). The potential implicatiarfsthis
uncertainty are investigated by re-running the rhadgl all onsite waster system loads removed.

A third sensitivity analysis was undertaken to exsnthe relative importance of point source loads.
Similar to the onsite wastewater scenario, thisisigity analysis was accomplished by re-running th
model with point source loads removed.

The impacts associated with these sources diffmrding to the characteristics of sub-areas of the

@ TETRATECH

161



Jordan Watershed Model July 2014

watershed. To address this variability, resultseveyaluated at five stations with different larse upoint
source, and onsite system characteristics (Tatht®) 4-

Table 4-18. Sensitivity Analysis Assessment Locatio n Characteristics

DraiiEse Point Percent Onsite Flozw
Impervious cfs / mi
Station Name area Source P ( )
MGD
(acres) | (MGD) | 5001 | 2010 2001 | 2010
B3025000 | Third Fork Creek near Durham 10,639 0| 19.6% | 31.4% | 0.0037 | 0.0044
B0040000 :%V;S'Ver at SR 2109 near Oak 9,053 0.04| 21% 5.8% | 0.0225 | 0.0305
B0670000 gcr’s;?]st”Of:ilo Creek at SR 300 near 22,011 0| 181% | 28.0% | 0.0000 | 0.0000
B0840000 | Reedy Fork at NC 87 at Ossipee 163,373 577 | 7.6% | 13.5% | 0.0062 | 0.0082
B2100000 | Haw River at SR1713 near Bynum 814,686 9% | 4.0% 8.0% | 0.0079 | 0.0100

Results of the sensitivity analyses are presemntd@ble 4-19 through Table 4-21, summarized over th
complete calendar years of 1997 through 2011 x&méning these results, note that the dry atmospher
deposition scenario was done using the final catidzr model, whereas the onsite wastewater and
permitted point sources scenarios were completddam earlier version, prior to the final caliboati

As a result; the baseline loads for the dry atmesgpldeposition scenario are different than basdbiads
for the onsite wastewater and permitted point ssiscenarios. Despite this discrepancy, the sestillt
provide a useful indication of the relative magdéwof the sensitivity of the model to differentdaaput
sources.

Table 4-19. Sensitivity Analysis: Switch from CAST
Deposition of N, 1997-2011

NET to CMAQ Estimates of Atmospheric

Ul Ul Percent Ul Ui Percent
Station Baseline Scenario Chande Baseline Scenario Change
(Ib/yr) (Ib/yr) 9 (Ib/yr) (Ib/yr) 9

B3025000 32,024 38,353 19.76% 4,489 4,455 -0.75%
B0040000 13,011 14,265 9.64% 1,466 1,462 -0.31%
B0670000 68,819 82,883 20.44% 8,346 8,307 -0.47%
B0840000 1,560,554 1,611,183 3.24% 142,397 139,845 -1.79%
B2100000 3,250,174 3,504,568 7.83% 264,636 260,449 -1.58%
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Table 4-20. Sensitivity Analysis: Removal of Onsit

e Wastewater Systems, 1997-2011

Ul Ul Percent Ul U Percent
Station Baseline Scenario Change Baseline Scenario Chande
(Ib/yr) (Ib/yr) 9 (Ib/yr) (Ib/yr) 9

B3025000 38,185 34,581 -9.44% 3,833 3,261 -14.91%
B0040000 14,265 13,109 -8.10% 1,287 1,261 -2.05%
B0670000 82,351 82,351 0.00% 6,295 6,295 0.00%
B0840000 1,624,059 1,621,080 -0.18% 132,451 132,315 -0.10%
B2100000 3,332,443 3,297,804 -1.04% 209,446 207,995 -0.69%

Table 4-21. Sensitivity Analysis: Removal of Point

Source Discharges, 1997-2011

Ul U Percent Ul U Percent
Station Baseline Scenario Change Baseline Scenario Change
(Iblyr) (Iblyr) 9 (Ib/yr) (Ib/yr) 9

B3025000 38,185 38,185 0.00% 3,833 3,833 0.00%
B0040000 14,265 13,698 -3.97% 1,287 1,171 -9.02%
B0670000 82,351 82,351 0.00% 6,295 6,295 0.00%
B0840000 1,624,059 466,349 -71.28% 132,451 24,457 -81.54%
B2100000 3,332,443 2,065,494 -38.02% 209,446 102,112 -51.25%

Table 4-19 shows that use of CMAQ estimates ofatinyospheric deposition of N (which are about 5
times greater than CASTNET) leads to an increagedadicted watershed nitrogen load. The incremse i
on the order of 19 — 20 percent of the total sitedadN load in watersheds where point sources are no
present. The relative contribution declines fotessheds where there are large point source digebar
Increased atmospheric deposition N loads simulatedCMAQ inputs is also predicted to result in a
small decreases in total P delivery due to incretatgal activity in headwater streams.

Table 4-20 examines the importance of loading sitewdl from onsite wastewater systems. This sosrce i
seen to contribute nearly 10 percent of the toteddd and nearly 15 percent of the total P loasbime
headwater streams with large numbers of onsitesyst No effect is seen in streams whose watersheds
are fully sewered (e.g., South Buffalo Creek staB®670000). In streams with a large summer onsite
wastewater contribution due to failing systems.(e.gird Fork Creek) the effect on total nutriepad is
sufficiently large that it makes a significant ingpan model calibration. However, at the largeasstied
scale represented by the Haw River at Bynum (B2Q0JQhe onsite systems contribute just over 1
percent of the total N load and less than 1 perokttite total P load.

Point sources, summarized in Table 4-21, have bl@rianportance, but obviously dominate in certain
streams. For example, in Reedy Fork (B0840000it source discharges contribute over 70 percent of
the simulated total N load and over 80 percenheftbtal P load. For the integrative station antaw
River at Bynum (B2100000), point sources contrid88 percent of the simulated total N load and over
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50 percent of the total P load.

4.3.4 Appropriate Uses and Applications

The Jordan watershed model generally meets thregiarfor model acceptability specified in the QAPP
for addressing the decision purposes of estimdtasgline nutrient loads by regulated entity for
establishing load allocations under the Jordan [Rikes. Tetra Tech thus recommends that the
calibrated model performance is sufficiently wedhtbnstrated to be applied for that purpose, inoydi
evaluation of both current nutrient loads and clearig nutrient loads since the 1997 — 2001 baseline
established in the Rules. The results of the lupdnalysis are presented in Section 5.1.

The model is thus judged to bsefulfor the intended purposes, but, like all simulatmodels, is not a
perfect representation of reality. The true stditecality is not known due to data that are imgeor
incomplete; however, it is also likely that the aaxy of the model could be improved through adddi
efforts that were outside the scope of the cureffiort, including both additional data collectionda
refinements to model calibration. A discussiompofential improvements in the model is provided in
Section 5.2.1. It is important to note that, whilese additional efforts have the potential teéase the
accuracy of the model and reduce uncertainty iividdal entity allocations, they are not a necegsar
pre-requisite to use of the model to establishcalions.
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5 Model Application

5.1 USE OF MODEL FOR JURISDICTIONAL LOADS

The calibration/corroboration LSPC model was camnfigl to span the entire time period between
baseline (beginning in 1997) through current (egdin2012, but using 2010 land use) conditions. As
discussed in Section 2.4.2, time-variable landwase implemented allowing the model to use distinct
land use from the two time periods in a singlentarrupted simulation. The model represents
meteorology in real time, thus providing predicsaf hydrology and water quality that are directly
comparable to monitoring data.

However, the goals for establishing jurisdictiolvalds are fundamentally different. The model bez®m
a tool to provide a reasonable and equitable estinfanonpoint nutrient loading originating frometh

land area in each jurisdiction during two distitiote periods. Other loading sources should also be
represented in a manner appropriate for the timege When models are used to answer questions in
multiple scenarios, it is important to make the eleds equivalent as possible and vary only theténp
related to the study questions. In this casefitsiethree study questions laid out in Sectionduitied
development of model application provided in tl@part:

1. What are the baseline (1997 — 2001) loads of miFiassociated with each jurisdiction in the
watershed?

2. How much of the load generated in specific soureasais ultimately transported to Lake Jordan?
3. How have those loads changed in the period froralimesto current conditions?

Each of the three questions was considered cardtuldevelopment of the model application strategy
The questions are discussed out of order sincarteer to the third question was pivotal in setthnegy
approach in response to the second question.

To address the first question, a version of theeh(zhlled “Baseline”) was created using the 1391l
use divided and tabulated spatially by jurisdicéibmoundaries from the same time period. The @4S f
maintained the same resolution as the file usechtmtel calibration/corroboration (cell size of Hym

The Baseline simulation ran using input meteorolwgyn January 1, 1996 through December 31, 2001;
1996 was used for model spin-up, so output wasegathfor the five year period from 1997 through
2001. Five years of output were used (rather thaimgle year) to a) allow averaging across matipl
years so results would not be overly influencediding a wet or dry year, and b) to correspond Wién
regulatory definition of baseline loading (whictagg 1997 through 2001).

The third question was addressed by building amersf the model using the 2010 land use (called
“Existing”), also divided and tabulated spatially jorisdiction, but with updated jurisdictional
boundaries. The GIS file maintained the same wéisal as the file used for model
calibration/corroboration (cell size of 1°m However, the Existing simulation ran using inpu
meteorology from the exact same time period a8ts®line model: January 1, 1996 through December
31, 2001, with 1996 as spin-up and output gathffoed 1997 — 2001. The reason for using the same
meteorology was to minimize differences betweemtbeéels due to variations in rainfall volume, large
storms, hurricanes, and so forth. Question thoss diot simply ask “What are the loads in 19996420
and what are the loads in 2012, and how do theypaoe?” Rather, it asks “How do loads compare
between baseline and existing conditidag to changes in land use and jurisdictional baurret?”

Using identical meteorology allows the questiothécanswered in a more equitable manner.

The second question asks to what degree loadsdamim jurisdiction are attenuated between source
generation and delivery to Jordan Lake. No spetifie period is explicit (or implicit) in this gation.
To provide the best answer to this question, output the full calibration/corroboration model wased
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to estimate unique delivery rates for each modehsilershed. Delivery was calculated as the rdttbeo
total mass of the nutrient leaving the subwatersirech to mass entering the subwatershed'’s reach
over the course of the simulation. For instanic222,000 Ibs of Total N entered the reach and G4,
Ibs exited the reach, the delivery ratio would &d,200 / 222,000, or 0.964. Using the reach
connectivity network, net delivery to Jordan Lakaswhen calculated for each model reach. Netelgliv
was calculated as the product of all the delivantdrs from each reach between the source reacthand
outlet reach. For instance, if the reach in theyjous drained through two reaches before its water
reached the lake, and the two reaches had deligtzyg of 0.987 and 0.991, the net delivery would be
(0.964)(0.987)(0.991), or 0.943. The local anddedivery rates were used for both the Baseline and
Existing scenarios. Note that output through the @& 2011 was used in the analysis; 2012 was drdlu
since the simulation ended 9/30/2012 and did redude the full year.

Loads from other sources are also tabulated foelBessand Existing conditions for relative comparnis
to entity loads as follows:

* NPDES point source loads from 1997 through 200kweeraged to represent Baseline
conditions, while loads from 2012 alone were usedsikisting conditions.

* Loads from onsite wastewater disposal systems tabrdated from the year 2000 and 2010
model inputs for Baseline and Existing conditiamrspectively.

< Dry nitrogen deposition to the land surface is tred component of accumulation, while wet
deposition contributes to nitrogen in runoff. Landface deposition (wet and dry) is considered
part of entity loading, and is directly incorporgia the model. However, nitrogen deposition
direct to streams and reservoirs is a separate ioghe model, and is not attributable to MS4
jurisdictions. Output from the full calibrationfcoboration model (1997 — 2011) was used to
tabulate direct water surface nitrogen depositmd, the annual average is used in the source
summaries. Output from 2012 was excluded sincsithalation did not include the full year.

Further details regarding configuration are prosgitelow, along with results.
5.1.1 Estimation of at Source Loads

5.1.1.1 Upland Loads

Baseline and existing jurisdictional boundariesramiired to determine nutrient load allocatiornsaib
entities considered to have had, or now have ioepddter the Baseline time period, entity areahen
Jordan Lake watershed. The entities include atioipalities, counties, and state and federal iestit
with jurisdictional areas considered regulated urlke Jordan Nutrient Strategy.

Six municipalities, three counties, NCDOT, Triangl€ouncil of Governments (TJCOG), and NC DENR
provided GIS coverages for all entity areas sulifethhe Jordan Nutrient Strategy for both modektim
periods, using boundaries in effect in 1999 and0t baseline and existing time periods respelstive
(the dates were selected to correspond to aeréjeny used to develop the model land use).
Jurisdictional areas included as separate entitidge model are listed in Table 5-1 (color-codgd b
county for county and municipal jurisdictions—stated federal jurisdictional entities are orange and
white, respectively) and geographically displayedrigure 5-1. The full tabulation of areas will be
provided electronically.

For both the 1999 and 2010 model scenarios, sea@lEslayers were created from GIS datasets noted
above. NCDOT jurisdictional areas were always gigeerriding primacy. In other words, if NCDOT
boundaries crossed over municipal, state, or fédeeas, the assigned jurisdiction was NCDOT. eStat
and federally-owned properties were given the el of primacy, followed by municipalities, and
ending with the counties. All areas within the @rahed were assigned to a single jurisdiction.
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Table 5-1. Responsible Entities Based on the Jordan

Nutrient Strategy Rules

Baseline Scenario Existing Scenario Boundary

=y Lz (Ea) Boundary Source Source
Rockingham County Rockingham Based on remaining areas in watershed
Reidsville Rockingham NC DENR | NC DENR
Forsyth County ! Forsyth Based on remaining areas in watershed
Kernersville Forsyth Kernersville Kernersville
Guilford County Guilford Based on remaining areas in watershed
Stokesdale Guilford NC DENR Guilford County
Summerfield Guilford NC DENR Guilford County
Oak Ridge Guilford NC DENR Guilford County
Greensboro Guilford NC DENR Guilford County
Pleasant Garden Guilford NC DENR Guilford County
Whitsett Guilford NC DENR Guilford County
Sedalia Guilford NC DENR Guilford County
Randolph County * Randolph Based on County area within watershed
Caswell County Caswell Based on County area within watershed
Alamance County Alamance Based on remaining areas in watershed

Gibsonville Alamance, Guilford NC DENR Guilford County
Incorporated 12/9/2002; not

Ossipee Alamance present in baseline period. Guilford County

Elon Alamance NC DENR Guilford County

Alamance Alamance NC DENR Burlington

Burlington Alamance NC DENR Burlington

Green Level Alamance NC DENR Burlington

Haw River Alamance NC DENR Burlington

Graham Alamance NC DENR Burlington

Swepsonville Alamance NC DENR Piedmont Triad Regional COG

Mebane Alamance, Orange NC DENR Piedmont Triad Regional COG

Orange County Orange Based on remaining areas in watershed

Chapel Hill Orange Chapel Hill Chapel Hill

Carrboro Orange Carrboro Carrboro

Chatham County Chatham Based on remaining areas in watershed

Pittsboro Chatham TJCOG | Chatham County

Durham County Durham Based on remaining areas in watershed

Durham Durham TJCOG | City of Durham

Wake County Wake Based on remaining areas in watershed

Cary Wake Wake County Wake County

Apex Wake Apex Apex

Morrisville Wake, Durham Wake County Wake County

NCDOT All NCDOT NCDOT

NCSU? Chatham, Durham NC DENR NC DENR
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. . Baseline Scenario Existing Scenario Boundary
Shiisy Lessinen (Cemiz) Boundary Source Source
Chatham, Durham,
UNC Chapel Hill? Orange UNC Chapel Hill UNC Chapel Hill
UNC Greensboro? Alamance, Guilford NC DENR NC DENR
NCCU? Durham NC DENR NC DENR
NCA&T? Guilford NC DENR NC DENR
NC DPR? (Dept. of Chatham, Alamance, Baseline Extents asslmed
Parks & Recreation) Guilford, Rockingham : L NC DENR
to be same as in existing
NC DCR? (Dept. of Durham, Alamance, scenario
Cultural Resources) Guilford NC DENR
US ACE? (Army Wake, Chatham, Baseline Extents assumed
Corps of Engineers) | Durham, Orange to be same as in existing | NC DENR
USNPS ( National scenario
Park Service?) Guilford NC DENR

" Forsyth and Randolph counties are not called out in the Jordan rules but are reported as separate entities.
% Some State and Federal entities were not explicitly identified in the state regulations known as the Jordan Lake
Nutrient Strategy. These entities were selected under instruction from NC DENR.
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Figure 5-1. Responsible Jurisdictions within the Jo

rdan Watershed

Note: NCDOT boundaries are not shown on this map due to their complexity.
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Output from each of the two time-period models (Baseline and Existing) were tabulated by model
subwatershed and jurisdiction-MRUs. Total N ardItB were summed from their respective runoff
components, including a fraction of BOD represantabile organic fraction. Total N was summed from
output series representing N@efractory organic nitrogen, total ammonia, amgl labile organic N
implicitly simulated as a fraction of CBOD (4.358%CBOD), while total P was summed from
orthophosphate, refractory organic phosphorustlamthbile organic P implicitly simulated as a fran

of CBOD (0.6031% of CBOD).

The Jordan rules specify loading targets by Assessiunit (Figure 5-2). Loading results are shown i
Table 5-2 for Baseline and Existing scenarios bge&sment Unit. The relative contributions by
Assessment Unit for the Baseline scenario are suipetbgraphically in Figure 5-3. Relative
contributions of upland loads by Assessment Urtsamilar for the Existing scenario and are nowaho
here. The relative contribution of each model laader for the Baseline and Existing Scenariohies\
in Figure 5-4. When compared to total land covenas shown in Figure 2-9 and Figure 2-10, it is
apparent that row crops and impervious surfacesibate disproportionately to loading relative keir
contributing land area.

/ i
4
[
Haw B\I\\ er
\ Upper.
New Hope
73
L¢’>wer
Legend New Hope
D Assessment Unit Boundary
I:I County Boundary
D
- Water
Jordan Lake Watershed 0 5 10 20 S
NAD_1983_StatePlane_North_Carolina_FIPS_3200 @ TETRA TECH
"~ Map produced 10-22-2013 - P. Cada 0 5 10 20 3|0Miles

Figure 5-2. Jordan Lake Watershed Assessment Units

@ TETRATECH
169



Jordan Watershed Model

July 2014

Baseline Upland TN
Haw River
Hope
12.9%
Lower New
Hope
5.2%
Baseline Upland TP
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Figure 5-3. Distribution of Baseline Upland Nutrien

Table 5-2. Annual Average Upland Baseline and Exist

t Loads by Assessment Unit

ing Nutrient Loads by Assessment Unit

Haw River 2,917,065 314,985 3,063,380 349,055
Upper New Hope 461,125 37,679 518,038 50,764
Lower New Hope 185,045 11,169 197,945 14,062
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Figure 5-4. Annual Average Upland Baseline and Exis

5.1.1.2 Point Sources

ting Nutrient Loads by Land Cover

As discussed in the Section 5.1 introduction, NPPBI&t source loads from 1997 through 2001 were
averaged to represent Baseline conditions, whiddddrom 2012 alone were used for Existing conaitio
Results are shown in Table 5-3 by Assessment Unit.

Table 5-3. Point Source Baseline and Existing Nutri

ent Loads (at Discharge) by Assessment Unit

Point Source Baseline Loads

Point Source Existing Loads

Total P (Ibs/yr)

Assessment Unit

Total N (Ibs/yr)

Total P (Ibs/yr)

Total N (Ibs/yr)

Haw River 1,816,027 219,729 1,383,949 92,106
Upper New Hope 711,588 38,457 503,593 25,527
Lower New Hope 7,604 723 14,462 224

5.1.1.3 Onsite Wastewater

As discussed in Section 2.7, loads from onsite eveater disposal systems were tabulated from the yea
2000 and 2010 model inputs for Baseline and Exjstonditions, respectively. Results are shown in
Table 5-4 by Assessment Unit.

[E] TETRATECH

171



Jordan Watershed Model July 2014

Table 5-4. Onsite Wastewater Baseline and Existing  Nutrient Loads by Assessment Unit

Onsite Wastewater Onsite Wastewater
Baseline Loads Existing Loads
Assessment Unit Total N (Ibs/yr) Total P (Ibs/yr) Total N (Ibs/yr) Total P (Ibs/yr)
Haw River 33,827 979 41,757 1,208
Upper New Hope 1,531 49 2,543 79
Lower New Hope 7,763 616 9,723 783

5.1.1.4 Direct Nitrogen Deposition to Water Surfaces

LSPC output provides a tabulation of pollutant dsfian loads direct to reach and reservoir surfaces
The Jordan LSPC model was configured to represghtwet and dry direct depositions of nitrate and
ammonia species to reaches and reservoirs. Wealrgrdkpositions are lumped together in model
output, but nitrate and ammonia totals are retagggrarately. Over the course of the 15 year siiounla
spanning 1997 through 2011, nitrogen depositiamadel reaches and reservoirs averaged on an annual
basis about 47,000 Ibs of nitrate species, and)83[is of ammonia species. Annual average loads by
assessment unit are shown in Table 5-5. Direabgitpn to Jordan Lake is not included in the asialy

Table 5-5. Nitrogen Direct Deposition to Reach and Reservoir Surfaces by Assessment Unit

Assessment Unit NOx-N (Ibs/yr) Ammonia-N (Ibs/yr) Total N (Ibs/yr)
Haw River 43,267 34,896 78,163
Upper New Hope 2,685 2,340 5,025
Lower New Hope 981 834 1,815

5.1.1.5 Source Loads Summary

Figure 5-5 provides a summary of total N and tBtébads by source for the Baseline and Existing
Scenarios. Upland areas produce the largest shéoad, followed by NPDES point sources. Onsite
systems contribute less than one percent of tag thbugh it is important to note that they caodurce
localized impacts as shown by the sensitivity asialin Section 4.3.3. Improvements in point source
treatment technology result in dramatic reductionbeir loads, especially for total P. While upudia
loads increase due to development, overall loadsedse between the Baseline and Existing time
periods. Total N is reduced from about 6,227,@30tb 5,820,000 Ibs, representing a decrease of 6.5
percent. Total P decreases from about 624,00@1534,000 Ibs, a 14.5 percent reduction.
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Direct Direct
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Figure 5-5. Nutrient Loads by Source Type forthe B aseline and Existing Scenarios

5.1.2 Estimation of Delivered Loads

Unique delivery factors were calculated for eacldetaubwatershed for total N and total P using wutp
from the full calibration/corroboration simulatigpanning 1997 through 2011. A network analysis was
then performed to calculate the net delivery fraohesubwatershed to Jordan Lake. Net delivery is
shown in Figure 5-6 for total N and Figure 5-7 tatal P. Note that the Haw River model subwatedsh
closest to Jordan Lake has a delivery factor dd4 for total P, which indicates an increase rathan
attenuation. The reason is due to scour of beidhsed with legacy attached phosphorus during large
storm events. Table 5-6 provides a complete {istithe delivery factors from each model subwéieds

to Jordan Lake.
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Figure 5-6. Net Delivery Factors for Total N
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Figure 5-7. Net Delivery Factors for Total P
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Table 5-6. Baseline Scenario Net Delivery Factors f

rom Source to Jordan Lake for Regulated

Land
Sub- Sub- Sub- Sub-
basin TN TP basin TN TP basin TN TP basin TN TP
101 0.996 0.984 139 0.657 0.508 177 0.296 0.227 215 0.813 0.753
102 0.984 0.972 140 0.638 0.476 178 0.299 0.226 216 0.964 0.942
103 0.963 0.939 141 0.637 0.488 179 0.737 0.638 217 0.675 0.585
104 0.997 1.009 142 0.646 0.479 180 0.725 0.615 218 0.652 0.537
105 0.987 0.995 143 0.670 0.568 181 0.693 0.545 219 0.664 0.564
106 0.947 0.888 144 0.771 0.687 182 0.718 0.601 220 0.938 0.900
107 0.984 0.988 145 0.716 0.657 183 0.689 0.556 221 0.953 0.926
108 0.943 0.863 146 0.795 0.752 184 0.602 0.474 222 0.960 0.931
109 0.980 0.974 147 0.792 0.742 185 0.704 0.579 223 0.991 0.971
110 0.934 0.866 148 0.783 0.721 186 0.691 0.558 224 0.992 0.973
111 0.889 0.744 149 0.780 0.711 187 0.663 0.529 225 0.989 0.965
112 0.873 0.723 150 0.764 0.665 188 0.670 0.536 226 0.963 0.943
113 0.842 0.655 151 0.733 0.584 189 0.651 0.514 227 0.991 0.970
114 0.978 0.965 152 0.743 0.619 190 0.624 0.480 228 0.969 0.936
115 0.974 0.950 153 0.778 0.702 191 0.511 0.396 229 0.877 0.761
116 0.849 0.838 154 0.755 0.659 192 0.485 0.367 230 0.855 0.730
117 0.816 0.757 155 0.749 0.642 193 0.461 0.344 231 0.975 0.947
118 0.810 0.789 156 0.741 0.627 194 0.499 0.382 232 0.993 0.979
119 0.805 0.774 157 0.727 0.601 195 0.235 0.174 233 0.987 0.961
120 0.800 0.753 158 0.715 0.570 196 0.693 0.581 234 0.967 0.917
121 0.768 0.675 159 0.713 0.576 197 0.772 0.694 235 0.948 0.879
122 0.785 0.713 160 0.699 0.545 198 0.764 0.665 236 0.915 0.843
123 0.762 0.645 161 0.744 0.630 199 0.732 0.574 237 0.947 0.882
124 0.737 0.589 162 0.739 0.619 200 0.641 0.441 238 0.948 0.876
125 0.728 0.550 163 0.725 0.598 201 0.615 0.382 239 0.962 0.918
126 0.729 0.546 164 0.711 0.572 202 0.617 0.387 240 0.974 0.955
127 0.756 0.647 165 0.700 0.545 203 0.747 0.625 241 0.989 0.974
128 0.723 0.546 166 0.741 0.630 204 0.717 0.544 242 0.975 0.944
129 0.744 0.622 167 0.731 0.609 205 0.720 0.558 243 0.965 0.923
130 0.797 0.738 168 0.442 0.376 206 0.740 0.601 244 0.943 0.887
131 0.769 0.696 169 0.210 0.187 207 0.798 0.767 245 0.955 0.911
132 0.673 0.542 170 0.316 0.248 208 0.733 0.663 246 0.963 0.932
133 0.643 0.465 171 0.306 0.235 209 0.631 0.478 247 0.974 0.970
134 0.657 0.500 172 0.202 0.153 210 0.606 0.420 248 0.976 0.972
135 0.626 0.431 173 0.198 0.148 211 0.605 0.416 249 0.947 0.933
136 0.641 0.472 174 0.195 0.142 212 0.606 0.417 250 0.969 0.966
137 0.618 0.431 175 0.308 0.237 213 0.603 0.413 251 0.986 0.982
138 0.626 0.447 176 0.308 0.239 214 0.604 0.426 252 0.775 0.705
Note: Location of numbered subwatersheds is shown in Figure 2-4.
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5.1.3 Source and Delivered Loads by Jurisdiction

Jurisdictional loads, defined as load from devedblaed subject to the Jordan nutrient strategyewer
tabulated by scenario (Baseline and Existing),ientr(total N and total P), assessment locatioca(ly

at source versus delivered to lake), and by regdlé@teveloped) versus non-regulated (undeveloped)
area. Loads were assigned to the Developedr@gulated) category solely by land cover; all
developed/open space and impervious land in theehveals assigned Developed, while remaining uses
(forest, shrub/scrub, pasture/grassland, row cwpsands, and non-reach surface water) were asign
to the Undeveloped category. There was one exuepmll NCDOT jurisdictional land area was assigned
to the Developed category, since NCDOT is resptm&iy all use within the road rights-of-way. For
reference, regulated land areas by entity are showable 5-7 and Table 5-8 for the Baseline and
Existing Scenarios, respectively. It is importemhote that the GIS analysis supporting developragn
land areas has considerable uncertainty (as dsgussSection 2.4.2) that is less influential at
subwatershed scales but of potential greater imgtdotal scales. As a result, the land arealsdaet
tables should be considered approximations, pdatigudfor 1999 impervious surface estimates.

Baseline total N and total P entity loads at soarg delivered to Jordan Lake are shown in Talde 5-
and Table 5-10, respectively. In these tables dbenty” loads represent load from developed ldved
is within a given county but outside of the bounesiof municipal and other jurisdictions. As thbles
show, there is considerable variation betweendigi®ns, both in terms of load generated and iwaabf
source load delivered to Jordan Lake. Table 5rtlTable 5-12 provide a comparison between
jurisdictions of the magnitude of total N and tdedloads from developed land delivered to JorddelLa
for the Baseline scenario. Total N and total Rtehdads for the Existing (2010 condition) scepaaie
shown in Table 5-13 and Table 5-14, respectively.

Table 5-15 and Table 5-16 provide a comparison &etvihe jurisdictions of total N and total P loads
delivered to Jordan Lake for the existing scenanm show that changes in land use in the previous
decade have influenced the relative contributiomfeach of the jurisdictions (NOTE: per discussion
section 2.4.2, this difference is likely over-esited because of canopy coverage of imperviouscasfa
in the 1999 LULC dataset that resulted in lowenthatual impervious surface area estimates foribase
conditions. Additionally, see analysis providedjppendix C). The increase in total N and totéddls
from developed land from the Baseline to the Exgs8cenario is shown in Table 5-17 (NOTE: Given the
issue regarding 1999 canopy cover and imperviotfagiestimates, the results in this table shoald b
interpreted as approximate and not used in regylatdculations. DWR should work with each
jurisdiction to determine accurate estimates oketlyment that has occurred since the baselinegerio
before calculating the additional reduction requieats per the Jordan Rules). Note also that these
tabulations do not account for any potential reidnstin load from the construction of water quality
BMPs after the baseline period.

The LSPC model provides a direct estimate of theeBa@e loads delivered to Jordan Lake during the
1997-2001 period. The Jordan Purpose and Scopme(Ra NCAC 02b .0262) defines the baseline
loading amount to the three assessment segmedtsd#n Lake based on earlier analyses described in
the TMDL document. The estimates codified in thie are similar to, but not identical to the cutren
model output. It is therefore necessary to dexisgeans of translating between the LSPC model loads
and the loads stated in the Rule (see further giison below in Section 5.3). This translation ban

done on the basis of relative percentage of loadirggaccomplish the translation annual average
delivered loads originating from regulated (develdpareas were tabulated by entity and lake asse$sm
unit and converted to percentages of total loadkg¢@ssessment unit. These are expressed as a
percentage of loads from all sources, includingnpsburces and direct atmospheric deposition amsl th
may be used to convert from the total loading tefgean assessment unit as specified in the Rude t
delivered load allocation associated with a specégulated entity. Results are shown in Tabl® %ot
the Haw River Assessment Unit, and in Table 5-19He Upper New Hope and Lower New Hope
Assessment Units. Each table includes resultB&seline conditions and Existing conditions.
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Table 5-18 and Table 5-19 also show percentagEsisfing loads attributed to developed land uses in
each regulated entity. These are generally hitjtzar the Baseline percentages because developkd lan
area has increased (see caveats noted on prewgeas\phile many point source loads have decreased.
To provide a direct comparison to the Baseline gr@iamges, the Existing load percentages are cadculat
by combining the Existing scenario land use witB719 2001 meteorology. There is not a model run
that includes all point and nonpoint sources wlB7.— 2001 meteorology because Existing (2012)tpoin
source flow time series would not be properly state1997 — 2001 precipitation (noting that spikes
WWTP outflow occur due to infiltration and inflovesociated with large storm events). Existing
condition entity percentages were therefore estéithby taking the nonpoint source load increase
between the Baseline scenario model (without mxntces) and the Existing scenario model, and gddin
the increase to the total loads from the 1997 -120@put from the full calibration/ corroboratiorodel.
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Table 5-7. Regulated Land Areas for Baseline Scenar 0 (1999 LU, acres)
Jurisdiction Pervious Impervious Total

Rockingham County 2041.26 705.55 2746.81
Reidsville 1930.58 488.92 24195
Forsyth County 152.57 62.46 215.03
Kernersville 280.82 160.15 440.97
Guilford County 9969.24 4575.54 14544.78
Stokesdale 1560.26 146.82 1707.08
Summerfield 3101.17 305.86 3407.03
Oak Ridge 2650.67 131.64 2782.31
Greensboro 18291.91 7168.93 25460.84
Pleasant Garden 1005.85 135.33 1141.18
Whitsett 515.95 34.59 550.54
Sedalia 220.39 27.77 248.16
Randolph County 81.65 43.71 125.36
Caswell County 575.48 102.17 677.65
Alamance County 9836.74 4954.06 14790.8
Gibsonville 370.71 113.08 483.79
Ossipee 0 0 0
Elon 711.61 197.34 908.95
Alamance 125.69 21 146.69
Burlington 4295.64 2829.61 7125.25
Green Level 259.36 50.95 310.31
Haw River 557.46 136.51 693.97
Graham 1464.5 686.33 2150.83
Swepsonville 146.32 35.35 181.67
Mebane 1631.75 244.85 1876.6
Orange County 3177.22 787.45 3964.67
Chapel Hill 2637.92 1695.86 4333.78
Carrboro 828.4 331.58 1159.98
Chatham County 3330.16 1240.78 4570.94
Pittsboro 531.38 121.57 652.95
Durham County 1544.6 724.51 2269.11
Durham 8599.16 4677.06 13276.22
Wake County 1167.17 376.08 1543.25
Cary 755.35 275.72 1031.07
Apex 1153.89 261.73 1415.62
Morrisville 92.99 3.18 96.17
NCDOT 13072.91 13160.49 26233.4
NCSU 4.02 4.2 8.22
UNC Chapel Hill 453.72 515.6 969.32
UNC Greensboro 92.4 48.87 141.27
NCCU 39.4 54,51 93.91
NCA&T 189.41 70.02 259.43
NCDPR 12.17 9.8 21.97
NCDCR 12.26 2.32 14.58
USACE 310.72 222.42 533.14
USNPS 14.81 1.77 16.58
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Table 5-8. Regulated Land Areas for Existing Scenar io (2010 LU, acres)
Jurisdiction Pervious Impervious Total

Rockingham County 2595.13 2255.09 4850.22
Reidsville 1693.97 906.12 2600.09
Forsyth County 179.04 65.06 2441
Kernersville 290.27 265.22 555.49
Guilford County 10719.83 9735.63 20455.46
Stokesdale 2652.78 377.02 3029.8
Summerfield 5337.1 897.01 6234.11
Oak Ridge 3542 475.68 4017.68
Greensboro 25121.42 13982.51 39103.93
Pleasant Garden 1426.5 228.12 1654.62
Whitsett 691.03 64.94 755.97
Sedalia 279.6 47.85 327.45
Randolph County 131.33 113.12 244.45
Caswell County 755.71 1023.16 1778.87
Alamance County 12307 10445.85 22752.85
Gibsonville 828.61 412.43 1241.04
Ossipee 163.82 34.47 198.29
Elon 988.29 450.35 1438.64
Alamance 179.33 82.17 261.5
Burlington 5810.75 4603.56 10414.31
Green Level 394.71 96.99 491.7
Haw River 778.36 239.4 1017.76
Graham 2130.89 1279.63 3410.52
Swepsonville 407.2 115 522.2
Mebane 2187.71 846.31 3034.02
Orange County 4043.65 3522.01 7565.66
Chapel Hill 2612.37 3180.38 5792.75
Carrboro 1239.11 821.36 2060.47
Chatham County 4373.79 3888.01 8261.8
Pittsboro 630.18 328.09 958.27
Durham County 1768.71 898.07 2666.78
Durham 7923.51 8326.49 16250
Wake County 1234.99 903.31 2138.3
Cary 1276.62 1452.54 2729.16
Apex 1713.43 919.68 2633.11
Morrisville 247.31 187.85 435.16
NCDOT 10792.95 16535.01 27327.96
NCSU 2.82 4.76 7.58
UNC Chapel Hill 562.22 653.12 1215.34
UNC Greensboro 114.34 63.28 177.62
NCCU 28.22 74.87 103.09
NCA&T 260.95 113.83 374.78
NCDPR 24 22.64 46.64
NCDCR 17.75 4.4 22.15
USACE 371.6 349.93 721.53
USNPS 12.89 5.7 18.59
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Table 5-9. Source and Delivered Jurisdictional Tota

I N Loads for Baseline Scenario (1999 LU)

Total N at Source (Ibs/yr)

Total N Delivered to Jordan Lake (Ibs/yr)

Jurisdiction
Developed Undeveloped Developed Undeveloped
Rockingham County 11,100 113,871 6,508 68,857
Reidsville 8,796 3,368 5,797 2,111
Forsyth County 941 2,847 369 1,340
Kernersville 2,136 393 633 116
Guilford County 73,610 645,180 44,562 432,808
Stokesdale 5,082 6,369 2,904 3,699
Summerfield 10,409 17,648 4,913 8,583
Oak Ridge 7,974 9,164 3,647 4,234
Greensboro 125,869 75,703 80,376 46,912
Pleasant Garden 5,249 10,892 3,301 6,854
Whitsett 2,487 3,393 1,663 2,262
Sedalia 1,180 3,044 764 1,970
Randolph County 685 13,713 496 9,957
Caswell County 3,059 107,131 1,964 67,951
Alamance County 78,642 859,572 60,412 667,813
Gibsonville 2,458 2,090 1,683 1,434
Ossipee (n/a) (n/a) (n/a) (n/a)
Elon 4,247 3,120 3,106 2,301
Alamance 670 953 514 729
Burlington 41,257 16,043 30,918 12,002
Green Level 1,455 1,458 1,012 1,013
Haw River 3,125 2,187 2,448 1,709
Graham 11,611 7,573 8,739 5,736
Swepsonville 889 471 705 376
Mebane 6,794 3,245 4,760 2,268
Orange County 17,170 294,944 14,135 237,353
Chapel Hill 24,998 15,451 24,279 15,009
Carrboro 5,964 4,320 5,749 4,151
Chatham County 21,773 338,690 21,067 325,482
Pittsboro 2,119 1,593 2,043 1,536
Durham County 11,622 33,583 11,154 32,403
Durham 69,162 33,118 66,226 31,740
Wake County 7,672 76,766 7,385 74,024
Cary 5,517 7,892 5,250 7,564
Apex 6,485 4,316 6,280 4,180
Morrisville 322 1,346 307 1,285
NCDOT 156,635 (n/a) 119,187 (n/a)
NCSU 50 836 50 827
UNC Chapel Hill 6,386 7,254 6,214 6,994
UNC Greensboro 801 481 569 359
NCCU 610 39 587 37
NCA&T 1,383 2,351 1,016 1,722
NCDPR 116 4,578 91 3,773
NCDCR 73 466 53 372
USACE 3,076 73,828 3,027 72,717
USNPS 51 251 13 59
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Table 5-10. Source and Delivered Jurisdictional Tot

al P Loads for Baseline Scenario (1999 LU)

Total P at Source (Ibs/yr)

Total P Delivered to Jordan Lake (Ibs/yr)

Jurisdiction
Developed Undeveloped Developed Undeveloped
Rockingham County 1,609 11,597 758 5,675
Reidsville 1,242 345 680 179
Forsyth County 134 238 39 84
Kernersville 319 41 72 9
Guilford County 10,299 61,263 4,931 32,851
Stokesdale 584 664 254 296
Summerfield 1,190 1,799 445 685
Oak Ridge 818 898 283 316
Greensboro 16,257 4,851 8,359 2,239
Pleasant Garden 506 512 231 235
Whitsett 293 219 158 118
Sedalia 145 198 70 95
Randolph County 104 2,073 57 1,127
Caswell County 404 10,559 175 4,431
Alamance County 11,505 93,842 7,674 62,701
Gibsonville 338 141 193 80
Ossipee (n/a) (n/a) (n/a) (n/a)
Elon 597 239 378 154
Alamance 84 62 58 43
Burlington 6,098 1,111 4,202 757
Green Level 192 100 112 58
Haw River 430 161 315 117
Graham 1,631 506 1,125 353
Swepsonville 115 31 87 23
Mebane 929 287 553 169
Orange County 2,445 28,908 1,800 19,983
Chapel Hill 3,382 860 3,172 807
Carrboro 878 300 814 276
Chatham County 2,973 29,916 2,783 27,140
Pittsboro 297 129 279 122
Durham County 1,280 1,072 1,169 991
Durham 8,033 885 7,269 804
Wake County 756 3,009 715 2,867
Cary 550 229 513 214
Apex 594 181 574 175
Morrisville 14 28 12 26
NCDOT 23,678 (n/a) 15,549 (n/a)
NCSU 7 35 7 33
UNC Chapel Hill 917 439 862 403
UNC Greensboro 104 27 60 18
NCCU 86 1 79 1
NCA&T 166 134 102 82
NCDPR 18 427 13 320
NCDCR 9 25 5 17
USACE 394 3,048 380 2,949
USNPS 6 28 1 5
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Table 5-11. Comparison of Baseline Scenario Deliver ed Total N Load from Developed Land (Ib/yr)

Jurisdiction Baseline Delivered Total N from Develop  ed (Regulated) Land (Ibs)
Rockingham County 6,508
Reidsville 5,797
Forsyth County 369
Kernersville 633
Guilford County 44,562
Stokesdale 2,904
Summerfield 4,913
Oak Ridge 3,647
Greensboro 80,376
Pleasant Garden 3,301
Whitsett 1,663
Sedalia 764
Randolph County 496
Caswell County 1,964
Alamance County 60,412
Gibsonville 1,683
Ossipee (N/A)
Elon 3,106
Alamance 514
Burlington 30,918
Green Level 1,012
Haw River 2448
Graham 8,739
Swepsonville 705
Mebane 4,760
Orange County 14,135
Chapel Hill 24,279
Carrboro 5,749
Chatham County 21,067
Pittsboro 2,043
Durham County 11,154
Durham 66,226
Wake County 7,385
Cary 5,250
Apex 6,280
Morrisville 307
NCDOT 119,187
NCSU 50
UNC ChapelHill 6,214
UNC Greensboro 569
NCCU 587
NCA&T 1,016
NCDPR 91
NCDCR 53
USACE 3,027
USNPS 13
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Table 5-12. Comparison of Baseline Scenario Deliver ed Total P Load from Developed Land (Ib/yr)

Jurisdiction Baseline Delivered Total P from Develop  ed (Regulated) Land (Ibs)
Rockingham County 758
Reidsville 680
Forsyth County 39
Kernersville 72
Guilford County 4,931
Stokesdale 254
Summerfield 445
Oak Ridge 283
Greensboro 8,359
Pleasant Garden 231
Whitsett 158
Sedalia 70
Randolph County 57
Caswell County 175
Alamance County 7,674
Gibsonville 193
Ossipee (N/A)
Elon 378
Alamance 58
Burlington 4,202
Green Level 112
Haw River 315
Graham 1,125
Swepsonville 87
Mebane 553
Orange County 1,800
Chapel Hill 3,172
Carrboro 814
Chatham County 2,783
Pittsboro 279
Durham County 1,169
Durham 7,269
Wake County 715
Cary 513
Apex 574
Morrisville 12
NCDOT 15,549
NCSU 7
UNC ChapelHill 862
UNC Greensboro 60
NCCU 79
NCA&T 102
NCDPR 13
NCDCR 5
USACE 380
USNPS 1
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Table 5-13. Source and Delivered Jurisdictional Tot

al N Loads for Existing Scenario (2010 LU)

Total N at Source (Ibs/yr)

Total N Delivered to Jordan Lake (Ibs/yr)

Jurisdiction
Developed Undeveloped Developed Undeveloped
Rockingham County 25,793 106,069 15,221 64,037
Reidsville 11,784 3,215 7,765 2,019
Forsyth County 1,038 2,658 434 1,256
Kernersville 3,063 318 908 94
Guilford County 121,961 577,189 76,238 388,877
Stokesdale 9,748 4,760 5,594 2,767
Summerfield 21,093 14,171 9,906 6,965
Oak Ridge 13,210 8,027 5,876 3,814
Greensboro 206,279 66,462 124,697 40,722
Pleasant Garden 7,719 9,323 4,858 5,864
Whitsett 3,498 2,792 2,341 1,858
Sedalia 1,611 2,826 1,043 1,829
Randolph County 1,478 12,658 1,069 9,190
Caswell County 12,000 99,743 7,731 63,216
Alamance County 136,212 788,733 104,745 613,688
Gibsonville 6,851 2,986 4,741 2,059
Ossipee 869 429 658 325
Elon 7,518 2,433 5,529 1,805
Alamance 1,399 656 1,068 503
Burlington 62,792 14,923 46,617 10,849
Green Level 2,401 1,083 1,685 759
Haw River 4,814 1,977 3,772 1,548
Graham 19,255 5,960 14,565 4,521
Swepsonville 2,477 864 1,973 693
Mebane 13,578 4,277 9,802 3,020
Orange County 44,757 274,825 36,904 221,364
Chapel Hill 38,486 11,822 37,375 11,483
Carrboro 11,887 3,500 11,484 3,367
Chatham County 49,306 321,427 47,701 308,872
Pittsboro 4,222 2,080 4,091 2,022
Durham County 13,875 26,922 13,309 25,969
Durham 99,788 30,136 95,649 28,888
Wake County 12,833 56,862 12,355 54,929
Cary 18,594 14,399 17,760 13,802
Apex 14,648 4,499 14,184 4,345
Morrisville 2,460 1,293 2,349 1,235
NCDOT 183,644 0 139,551 0
NCSU 52 830 51 820
UNC Chapel Hill 8,061 6,965 7,843 6,715
UNC Greensboro 1,016 374 722 283
NCCU 756 18 728 17
NCA&T 2,057 1,793 1,510 1,315
NCDPR 258 4,516 192 3,724
NCDCR 114 439 81 354
USACE 4,459 72,089 4,385 71,014
USNPS 81 249 20 58
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Table 5-14. Source and Delivered Jurisdictional Tot

al P Loads for Existing Scenario (2010 LU)

Total P at Source (Ibs/yr)

Total P Delivered to Jordan Lake (Ibs/yr)

Jurisdiction
Developed Undeveloped Developed Undeveloped
Rockingham County 4,088 10,753 1,939 5,241
Reidsville 1,803 328 987 170
Forsyth County 145 223 45 79
Kernersville 488 33 111 7
Guilford County 18,567 54,259 9,219 29,177
Stokesdale 1,197 483 525 215
Summerfield 2,638 1,417 984 545
Oak Ridge 1,567 772 528 280
Greensboro 28,805 4,347 13,928 1,972
Pleasant Garden 774 438 355 200
Whitsett 421 181 228 97
Sedalia 204 184 99 89
Randolph County 231 1,881 125 1,023
Caswell County 1,906 9,690 826 4,057
Alamance County 20,835 85,475 13,768 57,164
Gibsonville 997 202 572 116
Ossipee 120 33 79 22
Elon 1,104 183 703 118
Alamance 197 42 135 29
Burlington 9,449 1,055 6,395 681
Green Level 323 75 192 44
Haw River 674 143 494 105
Graham 2,781 405 1,932 283
Swepsonville 333 65 253 50
Mebane 2,001 375 1,250 223
Orange County 6,927 26,727 5,065 18,513
Chapel Hill 5,630 673 5,281 632
Carrboro 1,801 255 1,676 235
Chatham County 7,315 28,347 6,859 25,725
Pittsboro 634 172 603 164
Durham County 1,563 878 1,427 810
Durham 13,479 816 12,245 741
Wake County 1,577 2,298 1,493 2,197
Cary 2,448 416 2,282 389
Apex 1,701 177 1,643 170
Morrisville 308 28 280 26
NCDOT 28,581 0 18,766 0
NCSU 8 34 8 33
UNC Chapel Hill 1,157 427 1,088 392
UNC Greensboro 134 22 76 16
NCCU 116 0 107 0
NCA&T 257 103 157 63
NCDPR 42 421 27 316
NCDCR 15 24 8 16
USACE 602 3,038 579 2,938
USNPS 12 27 2 5
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Table 5-15. Comparison of Existing Scenario Deliver

ed Total N Load from Regulated Land (Ib/yr)

Jurisdiction Baseline Delivered Total N from Develop  ed (Regulated) Land (Ibs)
Rockingham County 15,221
Reidsville 7,765
Forsyth County 434
Kernersville 908
Guilford County 76,238
Stokesdale 5,594
Summerfield 9,906
Oak Ridge 5,876
Greensboro 124,697
Pleasant Garden 4,858
Whitsett 2,341
Sedalia 1,043
Randolph County 1,069
Caswell County 7,731
Alamance County 104,745
Gibsonville 4,741
Ossipee 658
Elon 5,529
Alamance 1,068
Burlington 46,617
Green Level 1,685
Haw River 3,772
Graham 14,565
Swepsonville 1,973
Mebane 9,802
Orange County 36,904
Chapel Hill 37,375
Carrboro 11,484
Chatham County 47,701
Pittsboro 4,091
Durham County 13,309
Durham 95,649
Wake County 12,355
Cary 17,760
Apex 14,184
Morrisville 2,349
NCDOT 139,551
NCSU 51
UNC ChapelHill 7,843
UNC Greensboro 722
NCCU 728
NCA&T 1,510
NCDPR 192
NCDCR 81
USACE 4,385
USNPS 20
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Table 5-16. Comparison of Existing Scenario Deliver  ed Total P Load from Regulated Land (Ib/yr)

Jurisdiction Baseline Delivered Total P from Develop  ed (Regulated) Land (Ibs)
Rockingham County 1,939
Reidsville 987
Forsyth County 45
Kernersville 111
Guilford County 9,219
Stokesdale 525
Summerfield 984
Oak Ridge 528
Greensboro 13,928
Pleasant Garden 355
Whitsett 228
Sedalia 99
Randolph County 125
Caswell County 826
Alamance County 13,768
Gibsonville 572
Ossipee 79
Elon 703
Alamance 135
Burlington 6,395
Green Level 192
Haw River 494
Graham 1,932
Swepsonville 253
Mebane 1,250
Orange County 5,065
Chapel Hill 5,281
Carrboro 1,676
Chatham County 6,859
Pittsboro 603
Durham County 1,427
Durham 12,245
Wake County 1,493
Cary 2,282
Apex 1,643
Morrisville 280
NCDOT 18,766
NCSU 8
UNC ChapelHill 1,088
UNC Greensboro 76
NCCU 107
NCA&T 157
NCDPR 27
NCDCR 8
USACE 579
USNPS 2
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Table 5-17. Regulated Land Delivered Load Increase  from Baseline to Existing Scenario
Jurisdiction Total N (Ibs) Total P (Ibs)
Rockingham County 8,713 1,182
Reidsville 1,968 307
Forsyth County 65 6
Kernersville 275 38
Guilford County 31,676 4,288
Stokesdale 2,690 271
Summerfield 4,993 539
Oak Ridge 2,229 244
Greenshboro 44,320 5,569
Pleasant Garden 1,557 123
Whitsett 678 70
Sedalia 279 28
Randolph County 573 68
Caswell County 5,767 652
Alamance County 44,333 6,094
Gibsonville 3,057 379
Ossipee 658 79
Elon 2,422 325
Alamance 554 77
Burlington 15,699 2,192
Green Level 673 80
Haw River 1,325 180
Graham 5,826 807
Swepsonville 1,268 166
Mebane 5,042 697
Orange County 22,770 3,265
Chapel Hill 13,096 2,109
Carrboro 5,735 862
Chatham County 26,635 4,076
Pittsboro 2,049 324
Durham County 2,155 258
Durham 29,423 4,976
Wake County 4,971 777
Cary 12,510 1,769
Apex 7,903 1,069
Morrisville 2,042 268
NCDOT 20,365 3,218
NCSU 1 1
UNC ChapelHill 1,629 226
UNC Greenshboro 153 17
NCCU 141 27
NCA&T 494 55
NCDPR 102 14
NCDCR 28 3
USACE 1,358 199
USNPS 7 1
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Table 5-18. Percent of Delivered Nutrient Loads to Haw River Assessment Unit of Jordan Lake

Percent of Baseline Load (1999 LU) Percent of Existing Load (2010 LU)
AU Jurisdiction
TN TP TN TP
Rockingham County 0.187% 0.226% 0.427% 0.550%
Reidsville 0.167% 0.203% 0.218% 0.280%
Forsyth County 0.0106% 0.0117% 0.0122% 0.0129%
Kernersville 0.0182% 0.0216% 0.0255% 0.0313%
Guilford County 1.28% 1.47% 2.14% 2.61%
Stokesdale 0.0836% 0.0760% 0.157% 0.149%
Summerfield 0.141% 0.133% 0.278% 0.279%
Oak Ridge 0.105% 0.0847% 0.165% 0.150%
Greensboro 2.31% 2.50% 3.50% 3.95%
Pleasant Garden 0.0950% 0.0692% 0.136% 0.100%
Whitsett 0.0479% 0.0473% 0.0657% 0.0647%
Sedalia 0.0220% 0.0210% 0.0293% 0.0280%
Randolph County 0.0143% 0.0169% 0.0300% 0.0353%
Caswell County 0.0565% 0.0522% 0.217% 0.234%
Alamance County 1.74% 2.29% 2.94% 3.90%
Gibsonville 0.0485% 0.0576% 0.133% 0.162%
Ossipee (N/A) (N/A) 0.0185% 0.0225%
Haw | Elon 0.0894% 0.113% 0.155% 0.199%
River | Alamance 0.0148% 0.0174% 0.0300% 0.0382%
Burlington 0.890% 1.26% 1.31% 1.81%
Green Level 0.0291% 0.0335% 0.0473% 0.0545%
Haw River 0.0705% 0.0941% 0.106% 0.140%
Graham 0.252% 0.336% 0.409% 0.548%
Swepsonville 0.0203% 0.0261% 0.0554% 0.0718%
Mebane 0.137% 0.165% 0.275% 0.354%
Orange County 0.174% 0.209% 0.469% 0.626%
Chatham County 0.294% 0.437% 0.792% 1.21%
Pittsboro 0.0588% 0.0834% 0.115% 0.171%
NCDOT 2.38% 3.21% 2.74% 3.71%
UNC Chapel Hill 0.000676% 0.00113% 0.00262% 0.00421%
UNC Greensboro 0.0164% 0.0178% 0.0203% 0.0216%
NCA&T 0.0292% 0.0305% 0.0424% 0.0446%
NCDPR 0.00261% 0.00382% 0.00540% 0.00766%
NCDCR 0.00114% 0.00118% 0.00192% 0.00200%
USACE 0.00411% 0.00674% 0.00585% 0.00879%
USNPS 0.000388% 0.000392% 0.000570% 0.000704%

Note: Delivered load from developed land as a percentage of the total delivered load to the assessment unit.
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Table 5-19. Percent Contributions of Delivered Nutr  ient Loads to Upper New Hope and Lower New
Hope Assessment Units of Jordan Lake

Percent of Baseline Load (1999 LU) Percent of Existing Load (2010 LU)
AU Jurisdiction
TN TP TN TP
Orange County 0.707% 1.56% 1.68% 3.47%
Chapel Hill 2.12% 4.50% 3.12% 6.43%
Carrboro 0.503% 1.15% 0.958% 2.04%
Chatham County 0.476% 0.913% 0.767% 1.43%
Durham County 0.975% 1.66% 1.11% 1.74%
Durham 5.79% 10.3% 7.98% 14.9%
Upper Wake County 0.181% 0.290% 0.266% 0.471%
New | Cary 0.132% 0.158% 0.762% 1.46%
HoPe | Morrisville 0.0268% 0.0175% 0.196% 0.341%
NCDOT 2.53% 5.35% 2.84% 5.54%
NCSU 0.00433% 0.0100% 0.00426% 0.00936%
UNC Chapel Hill 0.541% 1.22% 0.646% 1.31%
NCCU 0.0513% 0.112% 0.0607% 0.130%
NCDCR 0.00116% 0.00147% 0.00105% 0.00153%
USACE 0.131% 0.265% 0.156% 0.306%
Chatham County 2.80% 5.74% 5.00% 9.71%
Wake County 2.76% 4.34% 4.46% 7.62%
Lower Cary 1.94% 3.41% 4.19% 7.47%
New | Apex 3.26% 4.87% 6.90% 11.3%
Hope | ncpoT 3.97% 8.84% 3.89% 7.82%
UNC Chapel Hill 0.000244% 0.000560% 0.0000888% 0.000176%
USACE 0.722% 1.45% 1.12% 2.04%

Note: Delivered load from developed land as a percentage of the total delivered load to each assessment unit.
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5.2 FUTURE USES OF THE MODEL

5.2.1 Potential Improvements

5.2.1.1 Land Use and Imperviousness

Land use/land cover classifications based on aengdery are always subject to uncertainty and
classification error. Of particular interest irethordan watershed is the potential under-estimatio
impervious surface area due to overhanging treemaras is discussed in Section 2.4.2.4 and
Appendix C. At the same time, it proved infeastioleletermine the extent to which impervious swefac
runoff is mitigated by existing stormwater BMPs ¢&en 2.4.6) and, as a result of these issueantiael
was calibrated without an adjustment for the diyembnnected fraction of impervious area.

The accuracy of the model calibration could likee/improved by a better tabulation of imperviousaar
and accounting for the fraction of impervious et is directly connected to runoff pathways. rigpi
this is, however, problematic, especially for tlasddine period. The LULC analysis for the baseline
period has higher uncertainty due to the qualitthefavailable aerial photography. Further, ita$
possible to go back in time and verify either tiReeat or connectedness of impervious surface cover
1999 except where detailed planimetric surveysagadlable. The City of Durham does have impervious
surface coverages for 1999 (see discussion in Afipel), but similar spatial coverages are not amé
for most other jurisdictions. Partial results ablikely be created through detailed analysis of
development engineering designs, but this woulgrbaibitively expensive and would likely still not
yield complete coverage of the watershed. Sinsiteasiderations apply to the accounting of existing
stormwater BMPs.

For both connected imperviousness and stormwatd?8the conclusions presented in the BMP
discussion remain valid: Both the State and stdkien® are likely best served by applying the wéteds
model to the Baseline conditions without includBiglPs or corrections for other forms of impervious
disconnection explicitly. Interested entities abten use approved accounting methods to estiwizie
reductions for installed BMPs and subtract thatiftbe model predictions to compare with observed
loads where data are available. If funding wermlable to undertake more detailed analyses of
impervious surface area and connection for botlBteeline and Existing periods then the calibration
status of the model could likely be improved. Tikiaot, however, likely to make a substantive
difference in the attribution of loads and calcalatof allocations for individual entities.

5.2.1.2 Hydrology

The hydrology model appears acceptable in its otfogmulation. However, further refinements could
be pursued in the following areas.

Precipitation. Rain gages represent a point in space and dowayslreflect the spatially averaged
precipitation experienced by a watershed, espgdalling summer convective storms. Additional
sources of precipitation station data could bestigated and added to the model (e.g., USGS
monitoring, county data if available) to provideegter spatial coverage. Alternatively, a grid-blase
precipitation data product that uses Doppler radigput (e.g., NEXRAD level Il products from the
National Weather Service) or applies more soplaitait spatial interpolation techniques (e.g., OagRi
National Laboratory’s DAYMEThttp://daymet.ornl.govmight help adjust for spatial variability in
precipitation not captured with the fixed statiggpeoach, although a significant amount of additiona
processing and effort would be required to useetireshe model.

Reservoir Operations. Overflow from reservoirs is represented basedtage-storage-discharge curves
without regard for intentional water level managameReservoir withdrawals are estimated only at th
monthly scale, from OASIS. A more detailed, dadpresentation of reservoir withdrawals and release
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would improve hydrologic performance at gages daxeasn of reservoirs, and could also improve the
water quality simulation by improving accuracy lire tsimulation of lake residence time.

Water Land Use. Small ponds and other isolated waterbodies arexpiicitly represented in the model,
although their influence on the hydrology of theolghwatershed model is approximated. While this
simplified approach provides for an accountinghaf balance of precipitation and evaporation on lsmal
ponds, as well as providing a means to accoudiniited nutrient load generation within the footprof
the pond itself, the representation is not optibedause it does not explicitly account for the gag of
water, sediment, and nutrients from upland areasdfain to the ponds. A more sophisticated agjroa
could be designed in which upland areas withintavstiershed that do drain to ponds are routed tiroug
an aggregate pond representing the total stordgenegprovided by such features. (This is simitatite
approach that is employed by the SWAT model [N&itscal., 2005]). The hydraulic performance
simulated for the water land use should also ben@ed in greater detail. Note, however, that uitri
removal credits for existing and future ponds dilhbe calculated in the model as currently forated
through application of accounting methods to madgput, similar to the approach that will be used f
other upland BMPs (Section 2.4.6).

5.2.1.3 Water Quality

It is Tetra Tech'’s opinion that the water qualitgael is usable in its current form for the intended
purposes of calculating the relative magnitudellotations to be assigned to different entities &ind
provide a basis for evaluating changes since tkeling period. The model was developed under a
limited budget and schedule and, like any complexeh could likely be further refined and
strengthened if additional time and budget werélabi@. Some suggestions on potential enhancements
are provided below.

Monitoring Sites. High quality data sets with relatively frequerdter quality monitoring are available
throughout the watershed and provide a firm fouondaor model development. It is understandabdy th
case, however, that many of the monitoring locatioaive been chosen relative to needs to evaluate po
source discharges and loading to local water sumggrvoirs. The result is that portions of the
watershed have relatively sparse monitoring datatably southeastern Guilford Co., southern Alareanc
County, and Chatham County. An additional monitgrstation on a stream near the Alamance-Chatham
line would broaden the geographic coverage of mani, but is not deemed essential.

Onsite Wastewater Systems. The representation of onsite wastewater sységmgheir impact on surface
waters was designed to capture available informatial to be consistent with work developed for the
Chesapeake Bay. The revised estimates appearezm@nable than those previously developed with the
GWLF model; however, considerable uncertainty githains and it is likely that failure and attenomt
rates vary spatially in much more complex ways tisarow accounted for. Data are not available to
directly test the adequacy of the representatiorneite wastewater systems. However, the sengitivi
analysis (Section 4.3.3) shows that the predicteédent loads are not particularly sensitive tetimput.

The calibration process did suggest that nutrigatl$ from failing onsite systems might be over-
estimated in some areas and collecting additioriafmation on rates and types of system failureghii

be useful.

Point Source Discharges. Model calibration for some effluent-dominatexeaims suggested that there
may be some issues in the representation of pourtes that contribute to uncertainty in the prigoinc
of nutrient loads. To some extent, these uncditgimay be unresolvable if they are due to infesdu
monitoring of parameters such as total N load. evemphisticated representation of interpolatedbgderi
might be possible, for instance through buildingperoal regression models that represent effluent
concentrations as a function of flow, air tempematand other factors.

Impoundments. The LSPC model provides only a simplified, om&e&hsional representation of the
many impoundments within the watershed. This gitedlrepresentation is a source of uncertaintshin
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water quality simulation because stratification &ie algal dynamics cannot be fully incorporateid ia
one-dimensional model segment. Detailed analyskdke input, output, and trapping might be used to
refine the impacts of impoundments on downstreatemguality.

Additional Phosphorus Loads. In the mainstem of the Haw River (stations B1Oe@m B2000000, and
B2100000, from Haw River to Bynum), it appears thrgianic phosphorus load is generated during high
flow events from legacy material stored behindgéeeral run-of-river dams. LSPC does not provide a
mechanism for direct representation of this phemmngbut an empirical correction could be madéden t
allocation process for the average annual loadrepig generated in this manner. Additional stofly
these areas — as well as other stream segments thiegphosphorus load simulation at high flows is
imprecise — could lead to improved methods to agiisimsuch accounting.

Treatment of SSOs. Known spill events do not appear to have lefiear signature on available
monitoring data. In most cases, the volume ofsfglsmall relative to the amount of flow in mamid
streams. Further, in some cases it may be thatingpgubsurface leaks contribute greater loads of
soluble nutrients over time than occasional spilsven the lack of direct impact on the modelppears
most appropriate to analyze the contribution of $&@d other sanitary wastewater system losses
independently of the watershed model.

5.2.2 Use for Remodeling of Future Time Periods

The Jordan watershed model can readily be adaptaddress future changes in land use or jurisdiatio
boundaries. Doing so requires only an updatestdnd Use Information table in the LSPC database.
This table identifies the areas of all HRUs (indéhgdentity tags) within each subwatershed. Excel
spreadsheets have been developed to assist jraisss.

The model can also be modified to use additionabgs of weather time series. This would requing/o
appending data to the end of the existngfiles and specifying a new end date for simulatro@ard 50
of the input file.

For the purposes of the Jordan nutrient strategylikely that a revised version of the modellvoi
desired to represent conditions at whatever ddteally adopted for implementation of the new
development requirements. This would require d lase update, but not a weather update, as thenturr
conditions should be compared to the 1997-2001linassonditions using the 1997-2001 meteorology.
The weather update option may be of interest foeropurposes, such as evaluating the potentiattsffe
of climate change on the nutrient strategy.

5.3 RELATIONSHIP OF MODEL TO LOAD REDUCTION ACCOUNTING
METHODS

The watershed modeling effort described in thigreprovides new estimates of nutrient loading to
Jordan Reservoir during the 1997 — 2001 baseliriegbelt should be noted, however, that the Jordan
Purpose and Scope Rule (15A NCAC 02b .0262) etlplidefines the baseline loading to the three
segments of Jordan Lake (Upper New Hope Arm, Lawer Hope Arm, and Haw River Arm). The
load estimates in the rule are in turn derived fiicable 8 in the Jordan TMDL (NC DENR, 2007). As
described in the TMDL document, the loads in thlde are those estimated for the Jordan Lake nutrie
response model (Tetra Tech, 2002, 2003c). Thesaates were based on an estimate of deliveredload
based on water quality monitoring data and flowigggn major tributaries, plus an extrapolation to
ungaged areas. The delivered load estimates wenputed using the FLUX tool (Walker, 1987), and a
separate analysis was used to back out the dalivergribution of point sources, with the remainder
attributed to nonpoint sources.
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While the current LSPC watershed model is calilor#ébethe same data used in the earlier FLUX
analyses, the estimates of delivered load duriad#seline period, while similar, are not identtcal
those specified in the Purpose and Scope RuleoriRéiation of the loads estimated by the LSPC nhode
and those set forth in the Rule will be the resjmlity of NC DWR; however, it is anticipated thete
LSPC model results for the baseline period willised to determine the percentage of nonpoint source
baseline loading delivered to the lake that is gated by existing developed land cover in each
jurisdictional entity. These percentages (providbdve in Table 5-18) can be applied to the baselin
loads set forth in the Rule to determine each\égtiiaseline loading as defined in the Rule.

Current conditions in the model represent 2010 lass®l Changes in delivered loading from developed
land (by entity) can be calculated from 2001 to@B¢ comparison of the modeling runs. Howeves it
anticipated that future updates will be neededé¢dand use corresponding to the point in timelatv

the final new development regulations take effddte difference between the developed load gerterate
by that land use (with 1997 — 2001 meteorology) thieddeveloped load estimated by the model for the
1997 — 2001 baseline period represents the incraineterim delivered load for each entity.

The rules also specify allowable loading rates®n development. These loading rates are calcuéste
a reduction from “greenfield average loading rdtasd are thus at-source, rather than deliveredihgga
rates. Therefore, it will be necessary to caleutae change in source loading rates for eaclhyesitice
the baseline period. The extent to which interewedoped source load exceeds the interim allowable
source load will determine the amount that eactiyeistrequired to reduce from its interim develagrh

Performing these calculations will require two aiddial considerations. The first is accounting for
additional development that occurs between the 28ddel land use and the end of the interim period.
The second is accounting for stormwater water uBMPs that have been installed since the baseline
period.

Estimates of loading with land use changes sind® 20uld be derived by rerunning the model with
altered land use (and 1997-2001 meteorology), ssritbed in Section 5.1. Alternatively, and more
simply, the effect of changes since 2010 coulddtienated by applying the average loading rate (for
developed land use classes within an entity) tecktzge in land use area.

As discussed in Section 2.4.6, the watershed ndmid not account for the effects of the relatiwshall
number of water quality BMPs installed on new depetent since 2001. Instead, it is anticipated that
jurisdictional entities will, at their discretionalculate and claim credit for BMPs installed dgrthe
interim period.

The method for calculating credits for BMPs will éhetermined by NC DWR. It is, however, likely that
the method will use the Jordan/Falls Lake Stormwidteérient Load Accounting Tool or JF SW Tool
(NCSU BAE, 2011), a spreadsheet-based tool desifgmexhlculating nutrient loads and assessing the
impact of BMPs at the scale of a development oviddal site. The JF SW Tool addresses stormwater
loads, and does not account for onsite wastewgsterss or subsurface transport in groundwater;
however, it is an appropriate method for addresgieghanges in stormwater source loads from
development after installation of BMPs.

Regulated entities may also wish to claim creditréaluctions associated with management measutes no
represented in the JF SW Tool — for example, thHaaton in nutrient loads achieved by providing esew
service to a neighborhood with poorly performingitewastewater disposal systems. Analyses of this
sort should generally be made relative to the segr&tion of the source in the watershed model.

For future updates of the watershed model it magldsérable to incorporate direct simulation of BMPs
This can readily be done in LSPC, although it inses model complexity as it requires routing an
appropriate fraction of runoff from each develofmtd HRU through BMP modules. To do this, a full
tabulation of water quality BMPs and the land atesining to such BMPs is needed. Lack of such data
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was the primary reason for not including water qu@MPs in the current version of the model. Thus
this type of update is feasible but would requineeatensive data gathering effort to implement.
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Appendix A.  Guide to Modeling Files

A complete set of files for the calibrated modgpiievided electronically.

There are four file types needed for executiorhefltSPC model: first is the model executable, séi®n
the ACCESS database, third is the model input ditel fourth is the model weather or *.air files.

The model executable PCModel_082013.exeontains a graphical user interface (GUI) thitved the
user to either load an ASCII input file or retrigi® model from the database. The GUI allows #ex u
to select which modules to execute (i.e. hydrolegater quality, sediment, etc.) and allows the tser
change the model parameters, simulation periogublncation and type, etc. Once the model is
calibrated the GUI of the executable can writedfiérated parameters back to the database oritsave
an ASCII input file. The GUI simply loads and ruhe model and there are no post processing
capabilities built into the interface.

The ACCESS database (suffixdt) contains all of the information needed by thecexable, sans the
atmospheric forcing time series in the weathesfilinitially, the user populates the database alitbf

the watershed specific and pertinent informatiodh then “gets” the model from the ACCESS database.
After completing the calibration of a specific méelor the suite of modules being simulated, the use
stores the calibration parameters in the databaseiting the parameters back to the database. The
ACCESS database is always needed when runningSR€Lmodel as it contains the input time series for
point sources, water withdrawals, and time variddohel use (if it is being utilized).

The input file (suffixinp) contains the same information as the databasedas not contain the input
time series for point sources, water withdrawatsetvariable land use, or the weather files. Tipaif

file contains a file path and name to the ACCES@lulse and weather files so the executable knows
where to go to obtain these items. After the get¢s the model from the database they save anfitgut
While calibrating, the user makes parameter maatifie directly to the input file or through the Gahd
subsequently saves an input file and keeps a refdhd changes that were made. After the model ha
been calibrated the parameters are written bathetdatabase so if/when the retrieval from thelieta

is performed again the calibrated parameters aneghit into the GUI and saved into a new inputifile
one chooses to save one.

The weather files (suffirir) contain all of the atmospheric forcing informatim drive the simulation in
a text file format. The weather files are creatthe time step of the model simulation (hourlytfe
Jordan watershed model). The weather file mustrapass the entire simulation period but is nott&ohi
to only the simulation period (i.e. if the simutatiperiod is January*11997 — December $12012 then
the weather file must at a minimum be from Jand&i 997 — December 312012, but the time series
can start earlier and end later if wanted).

To use the model, one simply updates the file patiise weather file and output directory in the
database in the Input-Output File Paths Table, ®pes GUI and performs the “get from database”
procedure. Once the model is loaded the userunitand the model will execute. An alternative
approach is to update the file paths to the oupattory and weather files (Card 30), point souilee
path (Card 31), time-variable land (Card 32) initiput file, open the GUI and then open the newly
modified input file. Once the model is loaded tiser hits run and the model will execute. LSPC wil
write the simulation results to the directed outjplder. If outputs from a previous execution éxisthat
folder they will be replaced with the new outplftone wishes to save a particular set of outpugy t
must either manually transfer them to a differetdér or direct the model to write the outputs to a
different folder. Output files include the follomg:

* Aunique file for a subwatershed/reach with out@itthe model time step (hourly) for
parameters selected in the General Output Corttible (Card 45) or the User Specified Output
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Parameter List table (Card 46). Files are giveamme corresponding to the subwatershed/reach
number used in the model, with an extensiorot . The user selects the subwatersheds/reaches
for output in the Channel Routing Network table gC405).

» Depending on the options selected in the GenergdControls table (Card 45), a file is
produced with output for each model subwatersheldC#LUID at the selected time step
(monthly, annual, or entire simulation). The outfile (landuse.csv) includes a suite of
parameters providing detailed hydrology and pofititaading values. An additional file,
landuse.out provides a description of each paramete

« Depending on the options selected in the GenergdControls table (Card 45), a file is
produced with output for each model reach at thecged time step (monthly, annual, or entire
simulation). The output file (stream.csv) includesuite of parameters providing detailed
hydrology, hydraulic, and pollutant concentratioadl values. An additional file, stream.out
provides a description of each parameter

When executing the model, it is normal for a meegagppear stating the number of user-defined F-
tables in the model and listing the model outléfso it is important to note that significant contation
time is needed to execute the scenario fileshdfuser wishes to reproduce the exact model output
provided in the electronic files, the input file tined should be used to run the model.
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Appendix B. QAPP

(Provided in separate file.)
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Appendix C.  Analysis of Baseline
Imperviousness Classification

Background

During the period of review of the draft Jordan ¥ahed Model, the City of Durham presented new
information from analysis that the City had conédctomparing impervious surface data generated from
1999 planimetric data to that generated from a@riabery interpretation used for the model baseline
input dataset. Durham’s analysis showed that, argely to canopy cover interference for the imagery
interpretation, the baseline model impervious sigrfassumption for the Durham jurisdictional area
underestimated actual impervious area by a sigmfiamount (4,677 acres compared to 6,358 acres). F
well-established (older) urban and suburban aieg&snot surprising that canopy could cover 26cpet
(what the Durham findings represent) of imperviatsas along streets, driveways, buildings and parki
lots. However, since the LSPC model applied forJiwelan watershed lumps land use and land cover
(LULC) by hydrologic modeling unit, there is er@nd uncertainty in all LULC assumptions and
calibration by modeling unit can serve to minimiae impact of such error. Therefore, it was unclear
how much this error impacts the modeling results.tkis reason, Tetra Tech conducted an additional
modeling analysis in the Upper New Hope assessuarénto further evaluate the implications of this
error.

This memorandum summarizes Tetra Tech’s methodéirgidgs for the additional modeling analysis.

Methods

For this analysis Tetra Tech modified the basel®@9 land use model assumptions for the City of
Durham by burning in the 1999 impervious surfaceecage. To accomplish this, Tetra Tech clipped the
polygons provided by the City of Durham to the dordl SPC model subwatershed polygons. QA/QC
measures demonstrated that the total imperviodacaiarea (polygon-based estimate) in the City’'s
datasets within the LSPC model boundary is 6,30@sasvhich corresponds well with Tetra Tech’s
raster-based area of 6,298 acres applied to thelmblde minor difference can be attributed to the
difference between raster grid and polygon conégan.

The Jordan watershed LSPC calibration model wasfraddo incorporate the revised land use coverage
for the City of Durham’s modeling subwatershedsted in the Upper New Hope assessment unit. In the
calibration model setup, the 1999 (baseline) lasglwas input at the beginning of the simulation
(1/2/1997 through 1/1/2002) and then switched 02010 land use for the rest of the simulation
(1/2/2002 through 9/30/2012). Thus, only the lasd at the beginning of the simulation was modifad
the City of Durham impervious scenario. Tetra Teatan the model with this revised setup, and
examined the impact (before and after) the charagenon the calibration model results for hydrology
and water quality at gages within and downstreath@imodified area.
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Results and Interpretation
Hydrology

The hydrology calibration period was from 1/1/2@B&ugh 9/30/2012. The coincident timeframe of
modified land use and the hydrology calibrationigeérs only a single day (1/1/2002). Therefore éhisr
no impact of the baseline impervious surface estimarror on the Jordan LSPC model hydrology

calibration. From this perspective, the calibratisacedure increased model robustness to thisdfype

model input error.

While the 1999 impervioushess has no impact on haadibration for hydrology it will affect model

performance during the earlier (corroboration) @a&1997-2002, which uses the 1999 land use. The
revised assumptions increase impervious surfa@eaare thus should increase the flashiness of storm
event response for the corroboration period, aihahe effect is likely to be muted by the very low
infiltration capacity of most soils in the Trias8asin.

Examination of impact on hydrology for the Durharatersheds during the corroboration period (Table

C-1) shows no change for Morgan Creek (most ofathershed being in Chapel Hill and Orange
County). For New Hope Creek and Northeast Crdakcorrection to impervious area results in an

improvement in performance, helping mitigate thevipus under-prediction of total volume and highest

flow volumes, although NSE and Btatistics decrease slightly.

Table C-1. Model Hydrology Error Evaluation for Hyd

rology Corroboration Period (1997 — 2001)

USGS # 02097517 — | USGS # 02097314 — | USGS # 0209741955
Morgan Creek New Hope Creek — Northeast Creek

Model Metric Origin.al Revise.d Origin.al Revise.d Origin.al Revise.d

Calibration | Scenario | Calibration | Scenario | Calibration | Scenario
1. Error in Total Volume -7.25% -7.25% -12.75% -8.16% -18.62% -15.30%
2. Error in 50% lowest flow volumes -8.89% -8.89% -0.50% -0.20% -3.14% -3.33%
3. Error in 10% highest flow volumes -2.30% -2.30% -11.16% -5.79% -23.48% -19.32%
4. Error in Storm Volume 41.40% 41.40% 0.65% 9.24% -7.44% -0.74%
5. Winter volume error -20.21% -20.21% -17.13% -14.99% -29.62% -28.19%
6. Spring volume error 1.34% 1.34% -37.50% -33.71% -6.44% -1.80%
7. Summer volume error 1.62% 1.62% 23.50% 33.53% -4.64% 1.30%
8. Fall volume error -10.16% -10.16% 5.91% 14.21% -12.45% -7.59%
9. Monthly NSE 0..821 0..821 0.669 0.659 0.879 0.889
10. R2 daily values 0.705 0.705 0.442 0.431 0.499 0.488
11. RZ monthly values 0.867 0.867 0.699 0.690 0.942 0.939
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Water Quality

The ultimate purpose of the Jordan watershed niedelpredict annual average nutrient loads dediger
to Jordan Lake, by source area and jurisdictiois. thherefore most relevant to examine the extent t
which different impervious surface assumptions waifect the estimates of nutrient loads in Durham
watersheds.

For the Jordan watershed LSPC model, the wateitggalibration period was different from the
hydrology calibration period (2002 — 2012). For thajority of monitoring sites, including all thees on
Durham watersheds, the water quality calibratiomoplewvas 1997-2004 and is thus potentially affected
by the revised imperious area.

Table C-2 presents the instream water quality autnggons and load statistics for all eight watealiy
calibration sites in the Upper New Hope arm ofibedan Lake watershed model for the existing
calibration run and for the scenario run with teeised 1999 impervious cover. These include tritesa
that are entirely within the Durham jurisdictionde Third Fork Creek) and others that are onlytialy
within Durham (e.g., Morgan Creek).

In all cases, the difference between the calibnatim and the scenario with the revised 1999 Durham
impervious area is small, amounting at most tonagercentage points. Calibration for total N anait®
relied in large part on the average and medianartration errors. For total N concentrations, theslian
error, on average, improves (decreases) slightly thie revised imperviousness while the average err
increases slightly. The largest magnitude changeedian error is -1.9 percent (Third Fork Creek)levh
the largest magnitude in average error is 2.1 péeiddortheast Creek B3300000). For total P
concentrations, the median and average error iserglaghtly, with the median error increasing bytaip
1.1% (New Hope Creek) and the average error intrgdy up to 5,4 percent (Northeast Creek
B3300000). These changes are small relative tprigtiction uncertainty of the model (for instanites
Northeast Creek B3300000 calibration had TN andvétage errors of 20.6 and 159.8 percent,
respectively). It thus appears that the alternatypeesentation of 1999 impervious area would fzave
limited impact, if any, on the calibration of mogelrameters.

Of most relevance to the intended uses of the niedké ability to predict long-term average loatse
change in average error on total nitrogen loadgesfrom -3.0 to +3.3 percent. The change in aeerag
error on total phosphorus loads ranges from -03t8 percent.
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Table C-2. Comparison of Water Quality Model Error

Between the Calibration and Refined Durham Impervio

usness Scenario (1997 —

2004)
Station B3020000 B3025000 B3040000 / 02097314 B3300000 B3660000 / 0209741955 B3670000 B3899180 B3900000
Cowsot?tﬁient Location New Hope Creek Third Fork Creek New Hope Creek Northeast Creek Northeast Creek Northeast Creek Morgan Creek Morgan Creek
Simulation Calibration | Scenario | Calibration | Scenario | Calibration | Scenario | Calibration | Scenario | Calibration | Scenario | Calibration | Scenario | Calibration | Scenario | Calibration | Scenario
iﬁg;%";r?r'fo‘; 301% | 203% | -154% | -159% | 53.8% | -52.8% | -17.8% | -17.9% | -646% | -63.8% | -68.8% | -68.8% | 106.1% | 106.1% | -29.7% | -20.7%
Tl |Concentration |\ ag 0 | as0v | 27.3% | -287% | -402% | 401% | -37.2% | -345% | -36.8% | -368% | 418% | -41.8% 1.3% 13% | 11.1% | -11.1%
Median Error
Suspended Load A
Sediment E‘r’;r Verage | 0% | -85% 2.8% 13% | 543% | 478% | 600% | 583% | -450% | -455% | -68.8% | -68.8% | 542% | 542% | -90% | -9.0%
'E‘:fodr Median | 449 | -20% | -03% | -03% | -66% | -62% | -09% | -08% | -39% | -39% | -26% | -26% 0.1% 01% | -34% | -3.1%
g\‘l’gr"a‘zne"gtr'g; A5% | 11% | 145% | -13.2% 9.6% 92% | 206% | 227% | 203% | 203% | 375% | 374% | 215% | 215% | 719% | 71.9%
ot ,?A‘;zlcae:téar:':r" 4.8% 47% | 0% | 127% | 150% | 13.3% 1.2% 12% | 226% | 227% | 343% | 343% | 386% | 386% | 532% | 532%
Nit
frogen E‘;;‘f_ Average | yy5o, | 125% | -29.9% | -266% | 80% | 68% | -100% | -88% | 333% | 319% | 49% | 19% | -36% | -36% | 634% | 634%
'E‘r’fodr Median 0.5% 05% | 12% | -12% | 106% | 10.1% 0.2% 02% | 161% | 160% | 224% | 216% 3.5% 35% | 558% | 558%
g‘v’gfa‘znér?r'fo’; 243% | 257% | 159% | 183% 3.6% 38% | 159.8% | 1652% | 195% | 19.9% | 657% | 658% | 557% | 557% | 97.5% | 97.5%
ot mf:r?tgg" 189% | 19.3% 00% | -08% | -0.3% 08% | 934% | 934% 5.0% 58% | 323% | 331% | 481% | 481% | 396% | 39.6%
Phosph
osporus 'E‘:fodrA"erage 2.8% 65% | -84% | -48% | -193% | -191% | 555% | 585% | -1.5% | -2.0% 9.3% 9.7% | 416% | 416% | 519% | 57.9%
E‘;;‘f_ Median 0.9% 0.9% 0.0% 00% | -0.1% 0.3% 3.4% 3.3% 1.9% 1.9% 9.4% 94% | 117% | 118% | 243% | 243%
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Summary

In sum, use of revised impervious assumptions fmhBm would result in no change to hydrologic
calibration of the model and only a small changeh&hydrologic simulation results prior to 200ReT
effects on simulated nutrient concentrations aadsoare also small and suggest there is no need to
modify the model calibration. The model predicti@i€xisting nutrient loads (using 2010 land use)
would not change at all, while the estimates ofiant loads ca. 2000 might change by at most a few
percentage points.

Planimetric impervious coverage for 1999 similathttat provided by Durham is not available for most
other jurisdictions in the watershed, and resaltdfurham may not be applicable elsewhere (due, for
instance, to Durham’s tree protection ordinancéjetthe insignificant impact on calibration and
subsequent loading estimates, Tetra Tech doegootnmend spending the considerable resourced that i
would take to refine the baseline impervious swidata estimates watershed-wide from additional
planimetrics analysis. It does not appear thatlitmeding the model for this change would be beriefi

or result in appreciable change to load estim&ather, it is likely more important to develop

alternatives for jurisdictions to work with DWR aide of the model to establish the appropriate arnou

of additional developed area that each jurisdictilhbe responsible for offsetting between baselmd

the effective date for new development requirements
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