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Executive Sunmary

Twosets of rules enacteih successionver twenty years ago as thideuse and TaPamlico nutrient

0N §S3IASa NBLINBaSy( shtzomfiréhensiveNuBirit Angl ho@paint Fohndsgulation: G G S Y LIG
intended to remedy the nutrientoveB Y NA OKY Sy (i 2 F ( KBbth Stratégiesiakhjeged so®ei ( dzZ NA S
progress, howeveboth estuaries remaimoughlyas impaired today as they wevehen the strategies were

launched.This analysisf stratedes implementation, estuary conditionsatershedchanges and adaptive
needssuggests thahutrient reduction progress has bedargely limited topoint source improvementsn

the more challenging field of nonpoint source managemeatjousdesignfeatures of the ruledavelimited

their effectivenessThese includéincomplete assignment afeeded reductionsas well asiccounting

deficienciedased inimited technicalinformation and resources at the timés a resultit appears that

loading fromdeveloped land$ias increased substantiallyossibly doublingwhile loading from cropland

agriculturedoes not appear to have decreased meaningfiMatershed modeling suggests tregricultural

lands are moresusceptible tancreased loadig under high precipitation conditiongjith unit-area loading

dominance shifting to agricultural lands in high precipitation years and to urban areas in low precipitation

years.

Analysef nitrogen loading to the two estuaridgve clearly documentedsubstantialdecadal odlonger

rise in organic nitrogen delivetg both beginning around 20Q@ccompanied bgtrong evidence of the same
phenomeron occurring in the Albemarle Sound as welliggesting a broader pattermhis increase has offset
the nitrogen loading gains made by point sourcés. interinstitutional teamof researcher$ias now
established compelling evidence thatA y OS (i K Sdistinctin&easestave @cttred in coastal NC
rainfall and flooding from intensified tropiceyclone activity and thee stormshave, among otheeffects
mobilized large amountsf previously storedlissolved organic carbon from freshwater wetlands, hade
substantiallyincreasedhutrient loadingfrom the watershedincluding dissolved organidttogen,to the
estuariesalong withdrivingincreasedoroductivityin and carbon release frothe estuaries and soundhe
authors conclude thafiwe appear to have entered a new climatic regioimaracterized by more frequent
extreme precipitation eventsyith major ramifications fohydrology, cycling of C, N andwter quality and
habitat conditions in estuarine and coastalwaters 0t  SNI. SG Ff X wWAHnNO

Regarding organic nitrogen sour¢esidence on animal operations suggests that poultry waste, wikich
STFTFSOGAGStE e 6FNNBR FNBY NB3IdzA A2y GKNRdAzZZK &0 (dzi 2 NE
significant organic nitrogen loading to the Neuse estuary, on a scale rivaling point source organic nitrogen
loading.There is also some evidence wflieases in organic N loading from varideselopmentrelated

sources

While these finding$ighlight a set of challenges, they ajgmvide a basis fotonsidering adaptive
managemeniand knowledge acquisitioneeds Norpoint SourcePlanning stafbffer initial thoughtsfor the

next iteration ofbasinnutrient strategies Given the length of time since estuary needs were established
(over 20 to over 30 years), given the compelling evidence captured here that a climatic shift has occurred
affecting estuary dynamicsand given the likely advent of an additional nutrieetated estuary standard
clarity, reassessment of estuary nutrient reduction neeasuld seem tanake sense for both basifiom a
conceptual standpointBeyondreevaluating estuary rexls certain adaptiveactions would followthe path of
more recentfreshwater nutrient strategiesThey would includéuller allocation of load reduction needs
potentially including redistribution dbads from sources not further manageshd &sking local

4
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governments with reducing loads from existing developed laltdgould appear important to address
ASOSNI f &2 dzND S acostfuctiant s®rimivateBr&agiirerheyitsntligliagitreatment thresholds,
offset crediting andhydrologic impats to receiving stream&esponding téhe impacts of climatic shifts
appears importantOnearea of focusould involveexpanding the set of management tods localnutrient
compliancewith ecosystem restoratiofiocused management actions such as airerestoration, floodplain
reconnection regenerative stormwater conveyangesdrenovation of hardened urban watercourses
Anotherneed would appear to involve revisiting agricultural practicesaia improvingnutrient retentionin
the face ofmore challenging climatic condition&nobvious program to seek accelerated implementation of
is the Lagoon Buyoytrogram. Anotheappropriateagriculturalobjectivewould seem tde increased
implementation oflivestockexclusionfrom streams It would also appear important testablish greater
transparencyon poultry waste management practicesdetermine where improvementpportunitiesmay
exist It would probably be useful to establish an interagency dialogue tonggsdmmendations fo
improving dry litter managemenOther potentialstrategyimprovements can includaddressing wastewater
dischargeshat are currently below thresholds feeceiving permit nutrient limitsandrequiring waste
application orhigher risk fields to adp at phosphorusased agronomic rates.

While DWR nutrient strategy plannirgriorities are currently focused osther watershedsthis report
provides a sound stafor consideration of adaptive managememteds andossibilitiesas well as
knowledge and policgreas in which tduild our understanding to bettesupportimprovemens in the
design ofthe next iteration of these important management initiatives.
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Introduction

The Neuse and Tdtamliconutrient management strategies have been in placedeer two decadedn the

set of amended rulesnactedin 2020 under thestatutorily mandated rules readoptigprocessthe Division

of Water Resources (DWHRked itself withdevelopinga comprehensive retrogetive evaluation of

strategy implementation and changes in drivers of nutrient loading to the estuaries. This report satisfies that
requirement by providing an update on rule implementation metrics and loading progress, watershed source
changes, externdbrcing factors and estuary response trends, and forwlaaking adaptive

recommendations.

bdzi NA Sy (i LRtftdziA2zys Ay (GKS F2N¥y 2F SEOS&aa yAGNR3aASY |
Iy R { K Smogtlcinlieggiigater quality issudaddress this oveenrichment, the Division of

Water Resources leads the development, implementation, and oversight of regulatory nutrient management

A0NY 6S3IASa G2 NBal2NB b2NIK /I NREAYFIQa Y2aG QI fdz 6f €
place to restore the TaPamlico and Neudestuaries as well as Fadisd Jordan Lake§ he Neuse and Tar

Pamlico nutrienstrategies arentendedto equitably reduce nutrient loading from different regulated

sectorsto eliminate excess algal production and resulting atgklted impairments in two of North

I'T NRBEfAYlFI Q& Y2al Sy@ANRBYyYSydGlritfte FyR SO2y2YAOltfe AYL

Thenutrient reductians calledfor from both point and nonpoint sourcdgve resulted irsomemodest
successeduring that time including nitrate loading reductions in both river basins despite significant
population increases. However, while all regulated sectors continueetet their obligations in these
watersheds, full restoration of these estuaries has not been attained and total nutrient loads have been
trending upward in recent years.

Scope of Rport

One notable provision included in the revised Neuse aneP&anlco Purpose and Scope Rules was the

addition of adaptive management language. This new provision recognizes the ongoing water quality issues
in both estuaries and that the availability of more information to evaluate implementation over time which
may resul in further refinements to the rules should they be needed. It also adds a date by which an
evaluation of progress will beompleted,and recommendations made by the Division including the
requirement for the Division to report on implementation progrésgshe Water Quality Committee of the
Environmental Management on a biannual basis.

t dzNBdzZl yid G2 tFNFINFLIK 0SS0 2F GKS bSdzaS bdziNASydG {GN
and ltem (4) ofthe Tar Yt A O2 bdzi NASyYy i { ( MHe{(1SANCRGO02B 678Q))2ha S + yR { O
S5APAaA2Yy Aad OKFNBHSR ¢gAGK RS@St2LAY3a I O2YLINBKSyairg@ds
metrics and loading progress, watershed source changes, external forcing factors and estuary response

trends, along vith forward-looking adaptive recommendations.

[

G¢KS S5APAaAA2Y aAKFtf @Lfda S GKS oFaiAyQa ydziNASyi
This evaluation shall utilize all sources of available information. Including stakeholder input, and shall
corsider drivers, character, and shifts in the impairment with time, trends, and character of loading
delivered to the estuary, and distribution and character of loading inputs to the basin and changes to

those inputs over time. The evaluation shall addrisseixtent to which the reduction goals identified

AY oX®8 2F (KA& wdzZ S KIS 6SSy | OKASOSR FyR &KL f
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The Division shall complete the evaluation within three years of the effective date of this Rule and
shall distibute the findings upon completion. The Division shall also report biannually to the Water
Quality Committee of the Commission on implementation progress and reductions achieved by
d2dzNDS& adzoeSOG (2 GKS bSdzaS ydziNASY(d aiGN)» GS3e e
The remainder of the repbis presented in five sections. After a general overview of each basin, a status of
strategy implementation is provided rule by rule. This is followed by an assessment of water quality metrics
regarding the response of the estuaries to rule implementatio date. The next two sections of the report
provide updates on the shifting watershed and environmental dynamics, ranging from changes in land cover
types, population and agriculture crop shifts, and climdterenfactorssuch as frequency and intengiof
tropical storms and other extreme storm events. Finally, the Division offers some brief parting thoughts on
management recommendations and our understanding of the changing dynamics impacting nutrient loading
to the estuary

HGUREL. NEUSE AND TARAMLICO RIVER BASINS
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Neuse River Basin Overview
Eutrophication became a water quality concern in the lower Neuse River basin in the late 1970s and early

1980s. Nuisance algal blooms prevalent in the upper estuary promptedigatsns by DWQ. These
investigations, as well as other studies, indicated that algal growth was being stimulated by excess nutrients
entering the estuarine waters of the Neuse River. In 1988 the lower Neuse River basin received the
supplemental class@ation of nutrient sensitive waters (NSW). As part of this early nutrient strategy, new

7
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and expanding NPDES discharges, as well as existing facilities with design flows greater than 0.05 MGD, were
given a quarterly average phosphorus limit of 2 mg/lo$phorus loading was greatly reduced and algal
blooms in the river and freshwater portions of the estuary were reduced as a result of this action.

The 1993 Neuse Basinwide Water Quality Plan recognized that eutrophication continued to be a water
quality poblem in the estuary below New Bern. Extensive fish kills in 1995 prompted further study of the
problem. Low dissolved oxygen levels associated with algal blooms were determined to be a probable cause
of many of the fish kills. Researchers also idettithe presence of a toxic dinoflagellafjesteria piscida

that contributed to many of the fish kills.

The algal blooms and correspondingly high levels of chloroalpympted DWQ to place the Neuse River
estuary on the 1994 303(d) list of impaireaters. In 1996, the NC Senate Select Committee on River Water
Quality and Fish Kills sponsored a workshop with numerous scientists familiar with the Neuse River water
quality problems. The group reached consensus that a 30 percent reduction in todglemtentering the

estuary was a good starting goal to reduce the extent and duration of algal blooms. In 1996, the 30 percent
reduction was put into law (Session Laws 1995, Section 572). A Total Maximum Daily Load (TMDL) was
developed in two stages and pved by EPA in 2002 to address the nitrogen overloading to the estary.
TMDL is a calculation of the maximum amount of a pollutant that a waterbody can receive and still meet
water quality standards, and an allocation of that load amongvidn@us sources of that pollutant. The

TMDL developed for the Neuse estuary showed a minimum of 30% reduction in nitrogen loading is needed.
This equates to a total load of 6.75 million pounds of nitrogen from all sources.

To address the mounting problenrsthe Neuse River estuathe Environmental Management Commission
(EMC) adopted a comprehensive set of permanent rules that became effective Auj898jas the Neuse
Nutrient StrategyThe intent of these rules was to reduce nitrogen inpétsm both point and norpoint
sourcego the estuary by 30% from the 199D95 baselineWhile individual implementation dates varied,
all of the rules were fully implemented by 2003.

Tar-Pamlico River Basin Overview
During the 1970s and 1980s, incidences of fish kills and diseases, nuisance algal blooms, loss of aquatic

vegetation, and other nutrientelated problems increased in the Pamlico estuary. In response, the EMC

designated the entire TaPamlico River Basind da b dzi NASy (i {SyairiadArg@Sé Ay 5S0SYo
strategy to reduce nutrient inputs within the basin.

Ly GKS FANRG LKIFaSsz LRAY(d az2dNOSa adz00Saa¥fdzZ £ & NBRdAL
program. The second phase estabéd estuanbased goals of a 30% reduction in nitrogen loading and no

increase in phosphorus loading relative to a 1991 baseline condition, continued the point source caps and

offset program, and called on nonpoint sources to voluntarily meet the loagha¢s. In 1998, the EMC

initiated rulemaking to implement nonpoint source god#ndeled after rules implemented in the adjacent

Neuse River Basin in 1998, a set of rules addressing four areas (agriculture, urban stormwater, riparian

buffers, and fertiter management) went into effect during 2000 and 2001.

The rules called for a 30% reduction of nitrogen inputs to the estuary from major sources, including both
wastewater and runoff pollution. That corresponds to a total maximum daily load of approxingateillion

Ibs/yr TN and 400,000 Ibs/yr TP. The rules called for no increase in phosphorus load compared to a baseline
year of 1991. As part of the overall strategitrogen and phosphorus loading caps for an association of
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fifteen point source dischargs, the TasPamlico Basin Association, are implemented under a nutrient control
agreement.

The EMC adopted a comprehensive set of permanent rules effective April 2001 to implement-Benlmo
Nutrient Strategy. Wile individual implementation dates varied, all rules were fully implemented by 2006.
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Nutrient Strategy Rulelmplementation Status

The North Carolina Environmental Management Commission (EMC) adopted two comprehensive sets of
nutrient management strategy rules for the Neuse and-Famlico River Basins through two separate
rulemaking efforts. The Neuse Nutrient Strategy Rules wenteffect in Augus1998, followed by the Tar
Pam Nutrient Strategy Rules that went into effect in April 20@hile individual implementation dates
varied,all the rules were fully implemented by 2003 (Neuse) and 2005Faaticoy The two sets of rules
were revised and readopted effective April 1, 2§Z@ble 1) This section of the report provides averview

of the Neuse and Ta&Pamlico strategy requirements and implementation progress.

TABLEL. NEUSE AND TARAMLICONUTRIENT STRATEGY RULES
15A NCAC 02B Ru Rule Title

Neuse River Basin Nutrient Management Strategy
.0701 | Definitions

.0703 | Nutrient Offset Credit Trading Rule

.0710| Purpose & Scope

.0711 | Stormwater Management for New Development
.0712| Agriculture

.0713 | Wastewater Discharge Requirements

.0714 | Protection & Maintenance of Existing Riparian Buffers

Tar-Pamlico River Basin Nutrient Management Strategy
.0730| Purpose & Scope

.0731| Stormwater Management for New Development

.0732 | Agriculture

.0733| Wastewater Discharge Requirements

.0734 | Protection and Maintenance of Existing Riparian Buffer
.0735| Delegation of Authority, Buffer Protection & Maintenance

Wastewater
The Neuse Wastewater Discharge Requirements rulesffiastive in January 199&he rule applies to all

wastewater treatment facilities in the basin that receive nutridygiaring wastewater and are governed by
individual National Pollutant Discharge Eliation System (NPDES) pernf{fggure 2) The aim of the rule is

to achieve the mandated 30 percent reduction in nitrogen load from these dischargers to the Neuse River
estuary. In the 2000 renewal cycle, the DWR modified all Neuse wastewater perinittuie nitrogen and
phosphorus monitoring and reporting. Where appropriate, the permits included nutrient limits and related
conditions. NPDES discharges within the Neuse River Basin with permitted flows of 0.5 million gallons per day
(mgd) must comply wh annual mass limits equal to their assigned allocations that became effective in
calendar year 2003. The rule provides NPDES dischargers the option of forming a compliance association in
which members work collectively to reduce their nitrogen loadirggthe estuary. Association members are
subject to a combined nitrogen limit rather than to their individual permit limits and can decide the most
practical and coseffective means of meeting the group limit.

10
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HGURE2. MAP OF NEUSAND TARAMLICO WASTEWATER DISCHARGERS

Y

(
13§
ot fs3) e
(360} 58l (58)
E o) {se] N
Y1A7§ Al
Rocosin Lakes
Nhtjonal
Wildlife Refuge

Sanford

& New Bern

Legend

peLo0
Nation|
Seasho|

‘-Iavelock

€ Major Dischargers
bel Minor Dischargers _Jacksonville
[] Neuse Watershed
[] Tar-Pamlico Watershed

Esri, HERE, Garmin, FAO, NOAA, USGS, EPA, NPS

In 2002 interested permittees established the Neuse River Compliance Association (NRCA) to pursue the

Nbzt SQ&a 3INRBdzL) O2YLX Al yOS 2LJiA2yd 52w AdadzsSR 4KS FANEC
permittee members that same year. In 2021, the Association was comprised of permittees with 27 permits

and had a combined estuary limit of 124,838 Ib/yr TN. In 2021, the total nitrogen load for the NRCA
YSYOSNRQ FIFOAtAGASE ¢ atthd estuddyabhichiréResenhts146 peccanEofthedp f 0 k & NJ
INRdzLIQE Haum YAGNRISY fAYAG YR I cy LISNOBiguie NBRdAzOG A
3).
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Phase | of the Agreement was initiated in 1990 sechnologyd 8 SR LR Ay i &2 dzZNOS (G NF RAy 3
O20OSNBR Yy2GKSNJ GSy &@SIFNBE GKNRdzZZK 5SOSYOSNI wunnnX | yF
550SY0SNJ Hamn @ Ly WdzZ & Hnmc GKS 9a/ I LILINRPGSR GKS T2
additional ten years through May1, 2025. Phase IV continues the overall performance goals for the nutrient

strategy of 30 percent reduction in nitrogen loading and no increase in loading of phosphorous from the
oFaStAyS &SI NJ mddmagen andphasghoruds imits td idd¥idulal ReRnSt Rengaldin

2016 to complement the group loading caps and provide for better enforceabii®023 theDivision began

working on revising the Tdamlico Wastewater rule to incorporate the requirementshd latest phase of

the Agreement in anticipation dfhase IV concluding in May 2025.

Agriculture
Each Agriculture rule provides for a collective strategy for farmers to meet a 30% nitrogen loss reduction

within five years. A Basin Oversight CommiB®C) and seventeen Local Advisory Committees (LACS) were
established in the Neuse, and a BOC and fourteen LACs were established irRaenlien, to implement

SIOK g GSNBKSRQa ! ANR Odz G dzZNBE NHzZ S | y R DwRionlofSSailA a &G F I N
and Water Conservation staff use input from the LACs to calculate their annual reductions using the Nitrogen
[2a4a 9alGAYFGA2Y 22NJ] akKSSG o6b[ 920 YR FNRBY (GKSNB LINEBF

When evaluating agricultural nutrient management, the contribution of nitrogen from cropland to the

gl GSNEKSR G fFNBS Aa RSAONAOGSR Ay GSNX¥Xa 2F (GKS | Y2c
of describing nitrogen export from croppedeas. Nutrient reduction objectives are put in terms of reducing

that loss of nitrogen as compared to the amount of nitrogen lost from cropped areas during a baseline period

for each watershed. In the Agriculture Rules, nitrogen loss, and reductiontdbtis is estimated

collectively from all regulated agricultural operations in each watershed using the Nitrogen Loss Estimation
Worksheet (NLEWDH [ 92 A & -of-Wl yalSRIVSSy i dzyAlde | OO02dzyiAy3 (22T A
nitrogen loss from croplandsut does not capture the effects of nitrogen applied to pastureland nor does it

estimate changes in nitrogen loading to surface waters.

ld GKA& GAYST (GKS F3INROdzZ GdzNI £ O2YYdzyAideé Ay 020K gl (
collective 30MNB RdzOG A2y 2F f2aa o0& | OKASGAy3a | 02ttt SOGABS oy
AYLE SYSyiUl A2y FYR Y2NB (KFy pm: NBRddzOGA2Y Ay ydzi NX
. FAAY S FANRKOdzZ GdzNBE K & | Odtidnh@iBdgenllogs cnpaiell 6 thé DR p n LIS NX
1995 baseline (Figure Shthe Tast | YE A 02 . F aAy > | ANAKAOdzZ GdzNB SadAyYl iSa
(N) loss compared to the 1991 baseline (Figurd®each figure, different colors represent the diiént

versions of NLEW usetihe NLEW captures application of both inorganic and animal waste sources of

fertilizer to cropland. Overall, nitrogen loss reductions were achieved through a combination of fertilization

rate decreases, cropping shifts, BMPplementation, and cropland acreage fluctuation.
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HGURE. ESTIMATEIREDUCTIONS INITROGENOSS FROMIEUSHBASINCROPLANAGRICULTURR001-2021
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Additional metrics fochanges to the agricultural landscape over the gagnty years, such as crop shifts,
cropland lost, and changes in fertilizer application rates can be found Wttershed Changes Sectioh o
this report.

New Development Stormwater
During 2002, the fifteen local governments in tieuse Basisubject to the basin stormwater rule

RSOSt21LISR IyR SylFOGSR ad2N¥gl GSNJ LINEPINI Yao Lt
requiredtoimplenSy i A0 2NX gl GSNJ O2y iNRf YSI &adz2NSa (2 NBRdAzO
of the local governments subject to the Neuse Stormwater Rule have also developed ordinances and
programs that, in addition to requiring the nutrient export goal be nettablish local authority for the

W<,

(s}
< =
S
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NEY2@lIt 2F AftfS3aAFf RAAZOKINHSAE yR LlzotAO SRdzOFiGAZ2Yy |
RSOSt 2LISR flyRad 9F0OK f20Ff 3I2F8SNYYSyld Aa NBIdANBR
Octobere®K &SI NJ i2 R20dzyYSyid GKSANI O2y(iAydzSR AYLX SYSydal i
During 2004, eleven local governments subject toThePamlico Basin stormwateule developed and

SyFOGSR aid2NX¥sF GSNI LINEINIF Yaod [ 20Ff NB3Idz I G§2NE  LINE 3N

{SLWSYOSNI YR 5SOSYOSNI vnnno lff ySg RS@OSt2LIVSyid | C
implementstormwater control measuret® reduce nitrogen and phosphorus export to meet the basin
A2t ao LfEf 2F (GKS f 2 OPaimlicEBpihdatey RUB abaialsdiddz@l8psdO i (2 (G KS

ordinances and programs that, in addition to requiring the nutrient export goal be met, estadatah |
authority for the removal of illegal dischargasd public education programs to assist in reduction of
ydzi NA Sy G SELRNI EadRlocal GoGethBéngid dRyitred td sybRia ab annual stormwater
report by the end of October each year toaiment their continued implementation of the stormwater
NXzf S @

LY HAHAnZ Mp FRRAGAZ2YIE O2YYdzyAGASa Ay -PanMi®@Basidza S . | & A
gSNE RRSR (2 GKS aSi 2% t20If 3I2O0SNY)intBagdsm A YLI SYSy(
LJ2 LJdzf F GA2Yy YR RS@St2LISyd | OQiAGAGeE 20SN) GKS LI &ad wHr
YR dzaSa | NBIdz I §2NE aA0GNHz2OGdzZNBE aAYAE NI G2 GKS {aGF 4GS
watershed protection and NPDES M & ¢CKA& aAYLIX AFTASAE AYLIX SYSyGlridAazy ¥
AYLX SYSyGAy3a GKSaS 20KSNJ LINPAaNryYa +FyR GF1Sa FTRAIY(l =

Both rules were also revised to address an unintended gap in onsite treatment requirements in thel origina
rules that allowed developers to get the bulk of their reductions through offsite offsets. The revised rules
stipulate treatment through at least one stormwater control measure when development reaches 24% built
upon area, which invokes minimum statewid#S4 rule requirements. Finally, through the Stormwater
Nitrogen and Phosphorus (SNAP) tool, the rules incorporate the latest developments in stormwater science
and expand the suite of stormwater control measures and design variations available to desetopeflect
DEMLR rule changes and guidance. Implementation of these changes is set to take place in stage\in 2023.
map of major stormwater program coverage in both basins is provided in Figure 7.
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Nutrient Offsets Trading

In the Neuse and T@&amlico, a developer must meet redpecific nutrient loading rate targets for
aU2NXYGLF 0SNI SEAGAYT GKS LINRLISNI&d ¢KS RS@PSt 2LISNDa
the SNAP stormwater accounting tool. Most deyefents exceed the rate targets absent any stormwater
treatment practices. Once the minimum onsite treatment obligation is met, the developer may payiem in

fee to purchase the remainder of their nutrient loads as credit from an offsite reductiontgadtuineet the

loading rate targets, a process referred to as nutrient offset.

The nutrient offset rule, NCAC 02B .0703, generally establishes standards for the creation of nutrient offset
credits by the Division of Mitigation Services and private nutrigfset providers. These credits are

purchased by regulated parties to earn nutrient credit away from their project site when it provides a more
costeffective compliance option. The regulatory objective of this rule is to lower the costs of rule
compliance while achieving equivalent nutrient reductions elsewhere. To meet this objective and ensure the
integrity of the trading market, credited nutrient reductions must be equivalent in magnitude and certainty
with the excess nutrient loading increase®waléd by their use.

Nutrient offset has evolved over time through a series of session laws intopéich system; private offset
banks and the N.C. Division of Mitigation Services (DM&\irfiee program. While there are multiple
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options for obtaining dkets, the purchase of thirgarty offsets from private banks is the most popular. This
is because most local government entities and all private developers seeking#niydnutrient offsets must
do so through a statapproved private nutrient bank with the watershed where the development project

is located (G.S. §14814.26). When credit from approved private banks is not available, seekers of nutrient
offsets are then eligible to participate in the DMS Nutrient Offset Program.

The trend in North Caltina over the past decade has been toward using the least cost alternative for offset
credits, despite the preference of local governments to have offsets implemented closer to the impacts.
Because of their relative low cost, the predominant practice usedutrient credit providers is restoration

and enhancement of farmed riparian areas into protected forested buffers that reduce nutrients by filtering
farm runoff.Presently these practices are credited at a rate of 75.77 Ibs. N/acre/year nitrogen&htb4.
P/acrelyear. Assuming a life expectancy of 30 years, riparian buffers have a lifetime credit value of 2,273 Ibs.
N/acre and 146.4 Ibs. P/acre.

There are currentl3 private banks established in tideuse and TaPamlicowatershed for the purposeof
providing of nutrient offset credit<Of thee,28 banks are in thé&euse 01 HUEightprivate banksare
located in the Falls watersheddditionally, DMS ha&25 nutrient offset projects irthe two river basins
with five of those 25 located in theaHs watersed

A summarnyof the combinedtotal of nutrient credits soldetween 2001 and 202fom all privatebanks and
DMS projects is provided in TaldePerhaps the mosdtrikingobservationfrom Table 2 ishe order-of-
magnitudedifference in scale dbtal offsets betweerNeuse and TaPamlico Basins, wittoughly 3.7 million
pounds N sold in the Neuse vs. just under 200,000 Ib in théawmalico Also notable in the Neuse is that
approximately 3.2 of théotal 3.7 million poundsor about 86%wvere sold irthe uppersubbasin01,
encompassing the Raleiginowth area.By contrast in the TaPamlicoyoughly 62% of offsets occurred in the
lower subbasin, 03, encompassing the Greenville aréié most of the rest, 34%occurring irthe upper
subbasin, Olreflecting growth in Raleigh bedroom communities
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TABLE2. THIRBPARTWUTRIENDFFSETHNEUSBNDTARPAMLIC@RIVERBASIN2001-2022)

Neuse River BasigNutrient Offsets By &igit HUC

Nitrogen Phosphorus
PrivateBank Credits Sold (Ibs.)
3020201 1,947,981 0
3020202 14,493 0
3020203 94,807 0
3020204 24,391 0
Falls Lake Watershed 102,750 12,658
Total Private Bank(Ibs.) 2,184,421 12,658
DMSCredits Sold (Ibs.)
3020201 1,281,327 0
3020202 78,482 0
3020203 100,800 0
3020204 39,315 0
Falls Lake Watershed 15,485 7,313
Total DMS(Ibs.) 1,515,409 7,313
Neuse Tota(lbs.) 3,699,830 19,971
TarPamlico River Basig Nutrient Offsets By &igit HUC

Nitrogen Phosphorus
Private Bank Credits Sold (Ibs.)
3020101 19,934 1,284
3020102 0 0
3020103 70,497 6,174
3020104 18 0
Total Private Bank(Ibs.) 90,449 7,438
DMSCredits Sold (Ibs.)
3020101 48,234 4,434
3020102 825 91
3020103 53,060 3,468
3020104 6,176 349
Total DMS(Ibs.) 108,295 8,342
TarPamlico Total (Ibs.) 198,744 15,780
Total (Neuse + TaPamlico)
Private Banks + DMS 3,898,574(Ibs.) 35,751 (Ibs.)

Buffer Protection
Since implementation of the Tdtamlico buffer rule (200§ 2020) Division staff have issued 1,060 buffer

authorizations and variances impacting approximately 19,286,519 ft2 of buffers in the basin requiring buffer
mitigation. Most of the buffer impacts arthe result of activities listed in the table of uses in the Rule that are
approved by a buffer authorization. Buffer variances are a small subset of the overall buffer impacts
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approved, with just 34 major and 81 minor variances approved since the inoegitthe TafPamlico buffer
program (Figure).

There have been more than four times as many square feet of buffer impacted in the Neuse than in the Tar
Pamlico during this same time frame. Under the Neuse buffer rule Division staff have issued 3,885 buff
authorizations and variances impacting approximately 83,599,690 ft2 of buffers in the basin requiring buffer
mitigation. As in the TaPamlico, most of the buffer impacts are the result of activities listed in the table of
uses in the Neuse Buffer Ruleat are approved by a buffer authorization. Buffer variances remain a small
subset of the overall buffer impacts approved, with just 67 major and 267 minor variances approved since
the inception of the Neuse buffer prografRigure 9)

As a result of liméd staff resources, DWR has limited ability to monitor for buffer compliance related to
impacts. DWR often relies on notification from other agencies or citizen reports and therefore, the true
number of buffer impacts that exist in NC are difficult to detene. DWR began tracking buffer enforcement
cases in 2005. Records indicate that from 2005 through 2000 there were 17 buffer violation enforcement
cases in the TdPamlico which impacted 575,457 ft2 of riparian buffers, resulting in civil penalty assgssme

of approximately $158,223. There were 38 buffer violation enforcement cases in the Neuse which impacted
917,755 ft2 of riparian buffers, resulting in civil penalty assessments of approximately $262,740.

FGURES. NEUSEBUFFERAUTHORIZATIONS VARIANCEE2000-2020)
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HGURE. TARPAMLICABUFFERUTHORIZATIONSVARIANCER000-2020)
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DWR intends to improve the database currently used for tracking buffer compliance to include the length of
bufferimpacted at each site visit, a description of the type of buffer impact, and impacted buffer location
information. These improvements to the database will hopefully allow DWR to better measure the success of
the buffer rules on reducing nutrient loading.
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Water Quality Status andl'rends

Changes in Loading to the Estuaries
Evaluating changes in nutrient loading to the Neuse &Paanlico estuaries is a useful evaluation because it

provides a measurement of what the estiegare experiencing in terms of pounds of nitrogen and
phosphorus delivered to the waterbodies. However, dlsimportant to recognize that the loading changes
presented in this report are estimates that are heavily influencedlinyate and changes imydrdogic
conditionsin each basiithat in some years maynpactthe reductions achieved by regulated sources
Nutrient loadingestimates vary year by year based on differences in annual rainfall and corresponding
increases and decreases in flow. As such|dhding estimates provided in this sectiere evaluatedo
demonstrate how highly variable loading can be and are not presented as an indicator of how well the
regulated community have complied with theductionrequirements of the twautrient managemaet
strategies.

Load Estimation Methods
Nutrient loads to both estuaries were calculated using two primary methods; the first uses the USGS

LOADEST method. LOADEST creates a regression model based on stream flow, concentration, and time to
develop mean load estimates with 95 percent confidemterivals on a monthly basis (Runkel et al. 2015).

This regression equation can then be used to predict raw loading estimates by filling in the monitoring gaps
where paired observations for flow and water quality are not available. This method is bedbused

understand the totamassof flow andnutrients being delivered bihe riverfor given yearswhich can vary

greatly yeatto-year due to changes in annual rainfall and resulting flawtal flow and loadare valuableto
knowwhen consideringvhat the estuary actually has to process in particular years.

The second loading methoddasnoncomputationally intensivélow-normalized (FNanalysis to evaluate

annual nutrient loading trends (Lebo et al. 2)IThis is done by developing loads using simpleanes of

flow and concentrations in three flovegimesand overa rolling5-year time periodThe simplified FN loading
analysis allows evaluation of changes unithervarious flow regimes and provides feedback on effectiveness
of point and nonpoint source nutrient management actioNsitrient concentrationsre estimated from the
mean of available data and fleweighted average concentrations. Nutrient loads for thegioerm flow
distribution are computed from the average concentration and the average flow volume calculated from the
low, medium, and high flow intervals over the full period of record.

A third method of load analysis was also used in the more recer®dralico loading analysis. This third
approach develops flommormalized nutrient loadand concentrations using the USGS Weighted Regressions
on Time, Discharge, and Season (WRTDS) method. This method is a recently developed exploratory data
analysis approdtthat provides insight about the characteristics of water quality data and can be used to
evaluate changes in nutrient concentration and loads (Hirsch and De Cicco, 2015; Hirsch et alTh010).
approach is moreomputationally intensive than the Lellow-normalizedmethod described atve. WRTDS
estimates concentration and load for every day of the analysis based on the closest data point, taking into
consideration the flow, season (day of yegirne (humber ofdays from the observed point to the predicted
one), and is giva a weight to use in the prediction of the unknown concentration that ddys method is

more useful to observe nutrient reduction progress (or lack thereof) by reducing effects efoygear

variability in discharge on the record of trend in water quallttis approach alseses probability

distributions of daily streamflow to reduce or eliminate the influence of random,-j@gear streamflow
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variability on estimates of trends in conceation and load while preserving the influence of letlegm
trends in streamflow.

Neuse Estuaryz Estuary Loading Analysis
For this report, DWR analyzed 192017 water quality and flow data collected from four monitoring stations

located at various locains upstream of the estuary in addition to the Fort Barnwell station, which drains
approximately 63% of the Neuse River Basin and serves as the compliance point for the nutrient
management strategy. The location of the DWR monitoring stations and USGjatlges used in this
analysis are provided in Figute.
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Neuse Estuary: LOADEST Loading Estimates at Fort Barnwell
The load estimatedeveloped using the LOADEST methoelintended to provide a range of annual loading

estimates based on flow and concentration records from the selected stafidgsrell below provides the
resulting annual nitrogen and phosphorus load contributiaasiell as annual flovat the Fort Barnwell
station. This provies a visual assessmenttbé general loading pattern since the baseltirae periodand
how loads vary but are highly impacted by the y&ayear variability of flowTheloading trendresults br
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the otherfive stationsthat DWR evaluateth the Neuse River basare provided in af\ppendixB of this
report.

HGURELL. LOADESANNUALLOADRTFORBARNWELETATION NEUSBASIN

Neuse River at Ft. Barnwell(Station #J7850000)
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The loading estimateusing the LOADEST method at the Fort Barnwell station generally show that overall,
NOxloading decreased until mifl010s While the NOx loadingurrentlyremairs below baseline levels it has
slightlyincreasedn recent yearsTotal Kjeldahl nitrogen, otihe other hand hasgenerally increasedt Fort
Barnwellover the study period. Totalitrogen loading followed the combinatioof increasingpatterns of

NOx and TKkesulting in an overaB8 percentincrease in raw nitrogetoadingto the estuaryrelative to the
1991-1995haselineperiod. The increases itotal nitrogenload correlates well with increases in flow
suggesting that the increased precipitatierperienced in the basim recent years haesulted in additional
inputs flom nonpoint source runoff.

During tte studyperiod no discernible change was observed in phosphorus loadufich is typically less
susceptible tdncreases in flowPhosphorus loadingolding steadydespite the increasgin flow suggest
management activities in the watershed have had some impact on |bBmigever, determining the exact
reason behind changes in loading is challenging beddes®ads have been shown to vefrpm year to year
due to changes in hydrologiomditions. Use of flownormalized loading analysis is one way to attempt to
tease out the factors that influence loads.
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Neuse Estuary: FlowNormalized Nutrient Loading Trends

To improve the loading analysis by removihg yearto-year variabilityof flow, the Division performed a
second analysis usimgsimplified flownormalizedmethod (Lebo et al. 202). By eliminating the influence of
flow, this approach provides the abjlito observe signs that factors other than changes in rainfall may have
impacted loading in the watershetllsing this methodflow-adjusted statistics are used to account for
substantial annual variability attributable to rainfall and are measured at dmeptiance point at Fort

Barnwell. Figurel2 shows the combined tributary flommormalized nutrient loadingt the Fort Barnwell
monitoring stationcompared to the 1991995 baseline

FGUREL2. NITROGEN REDUCTION FOR AVERAE CONDITION COMPAREA 981-1995(FORT BARNWELL
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The results using thifow-normalizedmethod of analysis show that following implementation of the Neuse
rules in 1999, flowadjusted total nitrogen loading to the Neuse Estuary fell approximatelyt302002.

Since 2002, total nitrogen levels have crept back up to just slightly above the baseline levels. However, while
inorganic nitrogen levels have seen only slight increases, total Kjeldahl nitrogen (comprised of ammonia and
organic nitrogen) has @ as much as 30% above baseline levels with total nitrogen loading rising just
slightly above baseline levels since 2013.

Overall, this analysis indicates that significant reductions in NOx loads were achieved in the early 1990s, but
the loads have showrincreases in thenid-2000sbut have largely remained constant over the past ten years

In contrast, the TKN loads have continued to increase steadily over thergsalsng in total nitrogen loads

to trend upwardto just overthe 19911995 baseline loal The increase iarganic nitrogerioading is largely
associated with high flow events suggesting that nonpoint sources and processes, including natural
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backgroundorganic nitrogerand runoff from both urban and agricultural sources, play a major raleen
increased OrgN loading in the watershed.

HGUREL3. PHOSPHORUS REDUCTION FOR AVERAGE FLOW CONDITION COU@2REOIB(FORT BARNWELL
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The reductiosin total phosphorugelative to the 19911995 period have been largely holding steady since
2000 and continue to hover between 15% and 20% below the baseline (Eigusel3). These early
reductions in phosphorus loading are likely a result cbmbination of thestatewide ban on phosphate
detergentsthat was implemented in 1988nd the fact thafpoint source discharges to the Upper and Lower
Neuse River Basin were required to meet phosphorus discharge dingits (G K S S | idduiged by thepn Q &
NSW classification. Disatgers with permitted flows greater than 0.05 mgd to the Upper Neuse were
required to meet a 2 mg/L quarterly total phosphorus discharge limit by 188fle in theLower Neuse
Riverbasin, existing dischargers with permitted flow greater than 0.5 mgdnawdor expanding dischargers
with permitted flows of greater than 0.05 mgd were required to meet the new 2.0 mg/L quarterly average
concentration TP limit by 1993
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HGUREL4. UPSTREAM TO DOWNSTRESMCHANGE INNEUSHASINNITROGENOAD FROM.991-1995BASELINE
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A comparison of thélow-normalizedresultsfor eachthe monitoring stations evaluatedthroughout the basin
indicates a decreasean flow normalizedNOxloadsat five of the sevenstations evaluated starting at the
upper endof the basin aCrabtreeCreek(Figure 14) These reductionn NOxtrack urban areas and
discharge pointin the upper basinwith a57% reduction near Clayton downstream of Ralédlowed by
diminished redictions as you movi®wer in the basirpastGoldsboro and Kinstoim the compliance point

for the estuary at thé~ort BarnwellTheFort Barnwelktation has mixed results of a decreaséNiox offset

by a significant increase in TKN resultingriroverallslight increase itotal nitrogen loading relative to the
1991-1995 baseline period of the analysi$ie TrenRiver station whiclshows the greatest percent increase
for all three nitrogen parametersut represents significantly less flow anelative total loadn comparison

to the compliance point at Fort Barnwell

Overall, the 2017 analysis indicates that significant reductions in NOx loads were achieved in the early 1990s,
but the loads have shown increas&arting around 2003 and continuing through 204/ile remaining

below baseline leveldMeanwhileafter aninitial decrease iMKN loathgA y  ( K'S  fit haScBntinugd don Q &
to increase steadily over the yeaasad continueto offset the nitrate & nitrite reductionsBoth the Seasonal
Kendall test and the FN loading analysis show that there wadwtion in NOx loading and an increase in
OrgN loading. The increase in @¥goading is largely associated with high flow events suggesting that
nonpoint sources and processes, including natural backgroundN@ugd runoff from both urban and

agriculural sources, play a major role in the increased-Bigading in the watershed. The results of this
analysis confirm the nutrient loading trends and increased®rgputs in the Neuse River Basin reported in
recent studies (AquAeTer, 2016, and Osbutrale 2016,). Thereemains a need fadiuture studiesthat focus

on identification of OrgN sources and effective management options.
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Tar-Pamlicoz Estuary Loading Analysis o 5 i o
l'da 6AU0UK UKS bSdzZaSX2 52wQa az2RSfAy3 | yalinglestiraaBoh B0AsS vy U
to assess the progress towards meeting the-Fam nutrientmanagemenstrategy goals. The trend analyses
focused on data from the ambient monitoring station 06500000, between dB¥02, to evaluate progress
towards meeting NSW redtion goals. This station is located at Grimesland, which is approximately 7 miles
upstream of WashingtorThe location of the DWR monitoring stations and USGS flow gauges used in this
analysis are provided in Figuté.
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Tar-Pamlico LOADEST Results
These load estimates are intended to provide a range of annual loading estimates based on flow and

concentration records from theelected stationsigure B below provides the resulting annual nitrogen and
phosphorus load contributionas well as annual float the Grimeslandnonitoringstation. This provides a
visual assessment of the general loading pattern since the baselthb@m loads vary but are highly
impacted by the yeato year variability of flowTheloading trendresults for the othefour stationsDWR
evaluatedin the TarPamlico basimare provided in af\ppendixB ofthis report.
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HGURELG. LOADEST ANNUAL LOADS AT GRIMESITRPAMLICO

TARRIV AT SR 1565 NR GRIMESLAND(Station #06500000)
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As seemwith the analysigperformedin the Neuse, the loadingarPamlicoestimates using the LOADEST

method at the Grimesland station generally show that NOx loading decreased overall in the basin until mid
2010s and has slightly increased in recent years (Figure 16). Total Kiditdadin, on the other handhas
generallyincreasedover the study period and appears to correlate very strongly with the increases and
decreases in annual flows. Total Nitrogen loading followed the combinations increasing patterns of NOx and
TKN resulting inreapproximately22 percent increase iraw nitrogen loadingt the Grimesland station

relative to the baseline period.

Despite the increase in flow relative to baseline no discernible change was observed in phosphorugdoading
the estuarybased on the LOADEST estimafeswith the analysiperformed for the Neuse basin,

determining the exact reason behind changes in loading is challedgatp theyearto-year changes in
hydrologic conditions. Use of flemormalized loading analysias described in the next sectiaa,one way to
attempt to tease out the factors that influenannualloads.

Tar-Pamlico: Flow Normalized Loads
In order to evaluate progress in achieving the nutrient reduction goal set by the Tar Pamlico River Basin

nutrient managementtsategy, Flow-Normalized (FN) load estimated under letegm average flow
conditions were compared to the average load for the 19995 period. Fivgear moving averages of MO
N, TKN, TN and TP loads were computed and compared with the corresponding valuel 8911995
period (Figurel?).
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HGUREL7. NITROGEN REDUCTION FOR AVERAGE FLOW CONDITION COMFSREDIRSH(GRIMESLAND
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The results of the flow normalized loading analysis indicate a reductid@itoading, but an increase TKN
loadingrelative to the 19911995 baseline periad~lownormalized NOx loading gradually decreased from

the 19911995 period to the end of the study perian 2021 It reached a minimum value é24.1% in the
20042008 period. The average reductianhieved was approximately5% for all periods beginning with
19921996 Flownormalized TKN loading at Grimesland decreased from the baseline period and reached the
minimum values 0f5.0% in the 1992001 period and increased substantially afterwardscléng a

maximum increase of 66% during the 26@®&12 period. Flownormalized TKN loading has been consistently
higher than the 19941995 period since the 1998002 timeperiod and increased by about 33% during this
period. Since Ammonia loading declineceothe same period, the increase in TKN loading was primarily due
to an increase in therganic nitrogerfraction. The recent increase in TKN flow normalized loadings appears
to be mainly due to increases for the high flow intervals.

Over the course ahe study period thelbw-normalizedtotal nitrogenloadinghasexhibitedthe combination
of increasingpatterns for NOx and TKNotalnitrogenloadingwasconsistentijower than the 19911995
loading through the 2002008 period and has been higher than theselineloadinglevelsever sinceThe
total nitrogen load was estimated to have its biggest dioan estimated14% in the 1994998 time period
and has been @dually increasing ever sines it tracks increases in NOx and TKN in the basin overAsne.
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in the Neuse, it is believed the large increases in TKN in tABdrarare driven by organic nitrogen inputs.
This increase in organic nitrogirading is larggl associated with high flow events suggesting that nonpoint
sources and processes, including natural backgraurgenic nitrogerand runoff from both urban and
agricultural sources

AGUREL8. PHOSPHORUS REDUCTION FOR AVERAGECMIW@N COMPARED 1891-1995(GRIMESLAND

Total phosphorous reduction for longerm average flow condition for Tar
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Flow-normalizedphosphorudoading at Grimesland has been consistently lower than the corresponding
1991-1995 loading until the 2062013 period when the loathcreasedo approximately 30% greater than
the 19911995 load(Figure B). Since the peak in 201e phosphorudoadinghas decreased over the past
8 years to a minimum value ef2.0% in 2021t is believed tis dramaticincrease irphosphorus loading
during the 20092013time periodwasthe result ofincreasesn the high flow intervals as well as the
increases irphosplorusconcentration duringhat time frame.More recentmonitoring data indicate the
phosphorus loading levels remain below baselineleand are consistent with results obged prior to
20009.
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HGUREL9. UPSTREAM TDOWNSTREAMOCHANGE INARPAMLIC@ASINNITROGEMOAD FROM.991-1995

Percent Change in total nitrogen load from the 1991-1995 baseline period to 2017-2021 period
for Selected Tar Stations
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The resultof the FN loading analysis indicate a decrease in flow normalized NOx Idads @ftthe five
stations evaluated starting at the upper end of the basin atThe Riveat NC 96 These reductions then
fluctuate as youmove down the basin pag&infield and Taryo and srow an ever bigge62%reductionat
the Chicod Creektationfollowed by a more modest 11% reduction in NOx atdbmpliance point for the
estuary atGrimesland at théower end of the basin (Figure 19hisstationat Grimeslandas mixed results
showingdecrease in NOXlong with asignificant increase in TKNsrdting in an overall slight%increase in
total nitrogen loading relative to the 1991995 baseline period of the analysis.

Tar-Pamz WRTDSMethod
The third methodn this analysisakes anothempproach atddresingthe influence of flow variability ypo

calculating flownormalized tributary loads and concentrations using the USGS Weighted Regressions on
Time, Discharge, and Season (WRTDS) method. This method removes the effects of annual flow variations
and is useful for observing changes in nutriemtds that occur as a result of management activities. The
WRTDS method is a recently developed exploratory data analysis approach that provides insight about the
characteristics of water quality data and can be used to evaluate changes in nutrient cotioardral

loads.
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HGURR20. WRTDHNORMALIZEDOADINGANALYSIS FORRRPAMLICARVER BASIN

Change in total nitrogen loads during the period, 1991-1995 to
2017-2021, for selected Tar Pamlico watershed monitoring stations.
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Change in total phosphorusloads during the period, 1991-1995 to
2017-2021, for selected Tar Pamlico watershed monitoring stations.
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The resultsn Figure 2@bove show theehange in flow normalized nitrogen and phosphorus loads for all five
stationsover the same time period usinige WRTDS flow normalized methods with the results using the
Lebo method, lte stationshigher up in the watershed shoincreases in nitrogen loading whiteading at
Chicod creek shows a significant reduction in botrogen and phosphorus loadingheGrimesland station
again exhibitsnixed resultawvith a decrease in phosphorisadingand slight increase in nitrogen loading
relative to the 19911995 baseline period of the altysis.

Estuary Chlorophyll a Concentrations
In addition to evaluating changes in nutrient loading, D&l&®conducted an assessment of changes in

chlorophylla concentrations in the Neuse and TRamlico estuaries after the nutrient strategies went into
effect. Two different analyses were performasdingthe chlorophylla data collected from 2001 through
2020. The first is a percent exceedance analysis by stétagmeterminestheF N QG A2y 2F St OK
samples exceeding the water quality standard 40 ug/L for given time periods. The seaandgsitude of
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exceedance analysis by station, characterizing the extent to which concentration values at a station ranged
above the 40 pg/l standard. Four chloroptg/tiatasetswere usedfor analyzing percent exceedanaad
magnitude ofexceedancever four fiveyear time periodsThe first time periods 2001-2005 whichisjust

after the management stratgy rules were adoptedrhe second is for 206810, the third for 2012015,

and the fourth for 20158020.All threethose later timeperiods coincide wittiull strategy implementation in

both the Neuse and TaPamlico. In both cases oripWWR ambient data were used for this analysis.

Neuse Estuaryz Chlorophyll a
Figure2lillustratesthe spatial distribution of chlorophy#l standard grcent exceedance rates for the four

time periods in the Neuse estuary. There are eight stations considered for evaluating exceedance rate. The
stations J8290000, J8570000, and J8900800 represent the upper portion of the estuary; J8902500, J8910000
and J930000 the middle portion; and J9810000 and J9930000 the lower portion. The exceedance rate is
color coded. Green represents 0% to 10% samples exceeding the water quality standard 40 ug/L. Similarly,
blue represents more than 10% to 20%, yellow more tha 20 30%, red more than 30% to 40%, and dark

red more than 40%.

33



FAGURE21. NEUSE PERCENT CBAMPLE$EXCEEDINGHLOROPHYLL A STANDARB@FS/L FROM2001 ¢ 2020

Draft¢ May 16, 2023

2001 - 2005

J8290000

J8570000
J9930000
J8900800

J8902500

2005 - 2010

J8290000
J8570000

J9930000
3, 78900800
J8902500
B J9810000

L e J8910000
e 9530000
@i

B 19810000
Mo, JB910000 18910000
* S J9530000 o
. b e
3 "
Legend (%) v—\fw/ Legend (%)
oo oo
[ 1020 [ 1020
[ 2030 [ 2030
Il 3040 I 3040
Il -0 B
2010 - 2015 2015 - 2020
18290000 8290000
18570000 18570000
19930000 19930000
\ J8900800 £}, 98900800
i J8902500 S ssozson
b,

J9810000
. J8910000
Y
> A J9530000/A.

J R
N el
°

S

-
/

Legend (%) ° 3 ;
Il o010 w Legend (%) n 4
[ 1020 I o0
[ 2030 [J1020
| E [ J2030
| B Il 3040

I -0

Exceedance rates of the chlorophyitandard appear to benore stable in the upper and loweortions of
the estuary andelatively sensitive ithe middleportion. During the first perioaf thisanalysi{20012005),
exceedanceates were moderately higher (10920%)in the midsection of the estuaryThis are showed
someimprovement during the second perio(20052010) but the exceedanceate started goindackup
during the third and fourtHive-year timeperiodsbetween 2010 and 202@verall the chlorophylla
exceedanceaates were found to be consistentlgwer in the lower portion of the estuamproughout this 20
yearperiod whileat the same timeanoderately higher in the upper portiowhere between10%and 20% of
the samplest staions J8570000 and J8900800 measured chloro@hgtincentrations above the standard
rate 40 pg/L during the study period.

The higher rates of chlorophylexceedance in the middle portion of the Neuse estuary is further confirmed
by the second part otte chlorophyll analysis (Figu2&), which illustrates the magnitude of chlorophgll
concentrations at each of the rérestuary monitoring statinsfor the same time periods as abovihe
G022t SNE othedtacke® BathartéBelow represent samples meeting the chlorophgktandard
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of 40 pg/Le KS & 6 I NI Sorkbhges éhded @ldrsiepresent increasing magnitudes of exceedances
of the standard.

FHGURER2. CHLOROPWLEA CONCENTRATION RANGHRBUSHRVER BASIN
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Aisual comparison dhese stacked bar chartsiggests that there iskighermagnitudeof chlorophylla
exceedancein the middle portion of the Neuse estuapyer time compared to the loweuortion. These
fluctuations inthe magnitude oexceedances over timare influenced bybiophysical interactions

throughout the estuarylike the amount of water flowindgrom theriver into the estuanduring thedifferent
seasonand the quantity of nutrients tat water carriesHigher flow periodsypically carry higher nutrient

loads through the estuaryVleanwhile, bwer flow periodstypically experienced in the dryerinter and early

spring allowgor organic matter to build up in the estuary, instead of flughout as usualSince the water in

the middle portion of the estuary does not experience the stronger currents present in the upper and lower
estuary it may be more susceptible to increased algal production during both the periodic higher nutrient
inputsTNRY KAIK Ft2¢g &@SINB FyR 101 2F GFfdaAaKAy3IE 27

Tar-Pamlico Estuaryz Chlorophyll a
A similarchlorophylla analysis was conducted for the TRamlico estuaryThe spatial distribution of

chlorophylla standard percent exceedance rates for the four time perigdfustrated below in Figure32
Theexceedance rate was evaluated fone estuary monitoringstationsin the TarPamlico The stations
07650000, O768@D, and O787000C represent the upper portion of the estuary; 08498000, O865000C, and
09059000 the middle portion; and 09825000C the lower portion. The stations 07710000 and 08495000
represent the arms for the upper and middle portions of the estuary, retiypely. The exceedance rate is

color coded. Green represents 0% to 10% samples exceeding the water quality standard 40 ug/L. Similarly,
blue represents more than 10% to 20%, yellow more than 20% to 30%, red more than 30% to 40%, and dark
red more than 40%

37

2N



Draft¢ May 16, 2023

HGURE23. TARPAM - %OFSAMPLEEXCEEDINGHLOROPHYRISTANDARDF40uG/LFROM2001¢ 2020
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Unlike the Neuse, where the middle portion of the estuary was the most sensitive, in tiiaidico the
majority of theestuary appears to be sensitive and pronesignificantfluctuations inexceedanceates of
the chlorophylla standardbetween the2001-2020 time period Up until around2010 thehigherexceedance
rates were limited to the upper and the middle portions of the estuglgwever, thehigherratesof
exceedanceavere further extended to the lower portion of the estuary during the fourtripd (20152020)
Additionally, the rate remained higher (3026%) in the arms throughout the stugriod. The slightly
different resultsin the TarPam compared to the Neuse over the same time penaybe partiallydue to

the slight differences in thphysical and hydrologic characteristics of th estuaries TheNeuse is slightly
longer and deeper anshfluencedby stronger currents in its upper and lower portions than the-Famlico.

The above higher rates of chlorophgkéxceedance in the Tastuary is further confirmed by the second part

of the chlorophyll analysig-igure24). The magnitude of chlorophydl concentrations were evaluated for the
same time periodsis abovedor each of the nine estuary monitoring statio$hedcoolet blue colorson the
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stacked bachartsbelowrepresent samples meeting the chlorophgltandard of 4Qug/L.Thed ¢ | NI S NE
yellows oranges, anded colorsrepresent increasing magnitudes ofoeedances of the standard. Visual
comparison of the figures suggests that there figher magnitude inchlorophylla exceedance in the upper
and the middle portions of the Tar estuamjth an increase in magnitude spreadimgo the lower portion of

the estuary during the 2012020 time period

HGURR4. CHLOROPHYLAXONCENTRATIGANGESTARPAMLICARIVEHBASIN
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Fish Kill Events

The reporting of fish kill activity across North Carolina is based on pro®stalslished by the North Carolina
Division of Water Resources (DWR) in 1996. The protocols were developed with assistance from DWR
Regional Office staff, North Carolina Wildlife Resources Commission biologists, and Division of Marine
Fisheries personnel tonprove the tracking and reporting of fish kill events throughout the state. Fish kill and
FAAK KSIfOdK Ay@SadAaalraazy REGEF NS NBO2NRSR 2y | adt
Section (WSS) where the data are compiled and reviewedkiigtvestigation forms, laboratory test results,
and supplemental information regarding fish kill events are sent to the WSS and entered into a central
database where the information can be managed and reported. The procedure also requires the rwiificat
of appropriate state officials and scientists associated with the investigation of such events. The protocols
have proven successful in standardizing reporting methods and enhancing the quality and quantity of
information reported from fish kill events

During 2016 DWR staff developed a mobile app that can be used by the general public to report fish kill
activity across the staté'he app can be accessed through a smart phone, tablet, or PC running Android or
iOS platforms. It was developed so that thgblic could easily report locational and anecdotal information to
DWR.

While both the Neuse and T&amlico estuaries have seen an overall dedlinde number of reported fish

kill events over the past two decades they both experienuet@dble spikesn overall fish mortality during
eventsbetween 20082009 and in 2013The full history of fish kill events reported to the DWR between 2000
and 2020 is illustrated in FigureS 2nd 26 below.

HGURR5. REPORTEBISHKILLEVENTS NEUSHEESTUARY

Fish Kill Events & Total Mortality
Neuse Estuary
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HGURR26. REPORTEBISHKILLEVENTS TAR PAMLICCESTUARY

Fish Kill Events & Total Mortality
TarPamlico Estuary
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Algal BloomEvents

Algae are aquatic, microscopic plants, which respond to nutrients, temperature and light, and are an

important food source for fish and other aquatic animals. Algae also contain pigments, including chlorophyll,

which enable them to photosynthesize and puog oxygen.An algal bloom ia rapid increase in the density

of algae in an aquatic systerlgal blooms sometimes are natural phenomena, but their frequency, duration

and intensity are increased by nutrient pollutiomhese blooms, in turn, can depletee water column of

oxygen causing fish kild/hen a site experiences dissolved oxygen concentrations >9 mg/l, DO percent

saturation >110 percent, pH >8, or chloroplad 2 y OSy (i N} G A2ya SEOSSR GKS adlkdas
is likely experiencipan algal bloomWWhen these algae die off or respire at night, dissolved oxygen can
become very low; often resulting in fish kills.

The Divisiorof Water Resourceand other organizations have been monitoring the Neaisd TarPamlico
Estuaresfor algal bloomdgor the past two decaded he figures below provide a summary of reported algal
bloom events in both estuarienda comparison of algal densitpservationsn thetwo estuaiesover time.
While some years have been relatively mild in terms of algal blooms, there have been several significant
events over the past two decaddsut both estuaries have seemaveralldecline infrequency ofreported
bloomeventsin recent yeargFigure 7).
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HGURR27. REPORTEBLGALBLOOMEVENTSNEUSE: TARPAMLICCESTUARIES

Number of Reported Algal Bloom Events
Nesue and Tar-Pamlic Estuaries
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A comparisorof algal density concentrations over tinf2000-2020)is providedbelowfor selected
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addition to nutrients, other major factorthat impactalgal productivity in the estuaries includase seasoal
changes in water temperater light availability andchanges to flowvhichinfluence nutrient concentrations
and how quickhnutrients aretransportedinto and out of a particular area of the estuary in question.
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HGURR29. ALGALDENSITYOVERTIME (MG/L) - STATION# JB10000(LOWERNEUSESTUAR)

Neuse - Lower Estuary
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HGURE31. ALGALDENSITYOVERTIME (MG/L) - STATION#O905900(QLOWERTAR-PAM ESTUARY
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WatershedChanges
Land Use Changes

The Neusand TarPamlico River Basiase two of only four that lie entirely within the stateof lie in

eastern North Carolinayriented northwest to southeastyith their upper halves in the Piedmoand lower
portions spanning the Coastal Plaihere their estuaries empty into Pamlico Sound. The N&iger Basils

the third largest in the state with End areacoveiing 6,235 square mileS.he headwaters draismaller

towns like Hillsborough and €dmoor along wittthe north half of the City of Durhanbefore flowinginto

Falls Lakethen continuingsoutheast past the municipalities of Raleigh, Smithfield, Goldsboro, Kinston, New
Bern, and finally to the Pamlico Sound. The upper portion of the watersbledv Falls Lakdrains parts of
metropolitan areas including the cities of Durham, Raleigh,saamamber of growingRaleighadjacent
communities includin@ay.

The TaiPamlico River Basin is the fourth largest river basin in the ,stesting atop the Neus@nd covers
approximately 6,100 square miles. The Tar River originates in north central North Carolina in Person,
Granville and Vance counties and flows southeasterly until it reaches tidal waters near Washington and
becomes the Pamlico River and emptig® iPamlico Sound.

The Neuse basin includes portions of 23 counties and 84 municipalities. FRamkco basin is made up of
portions of 18 counties and 55 municipalities. While both basins are similar in size, hydrology and overall land
use compositiomelative tourban,agriculture, forested and grassland areas, they do differ in that the Tar
Paniico basin is moreural with 5.6%0f its land area deelopedas of 201Tompared to the rapidly

developing Neuse Basiti 14.6%of its areadeveloped The Ned@ S Q 3 NPoy lank areddf (G S

approximately 18% over the last twenty years was roughly double that of that P& These land area

growth rates provide an interesting comparison to the population growth rates discussed Gelbies3 and

4 detail changes in land coveicreagebetween 20A and 2019Development and population growth in the
Neuse is concentrated in tHResearch Triangle area and select coastal communities, while population growth
in the TarPamlico Basin centers around Greenville, Rocky Mount and smaller municipalities within
commuting distance to Raleigh, while other municipalities in the more ruralsanave typically experienced
negative growth over time (Figu2).
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FGURE32. NEUSE ANBAR-PAMLICONATIONAILAND COVERATASE(2019)
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TABLE3. CHANGES INEUSHRVERBASINLANDGOVERFROM2001T02019

Aggregated Land 2001 Percentof 2019 Percent of Change Percent

Cover Type (acres) watershed  (acres) watershed (acres) change

Agriculture 1,023,585 26.38% 987,646 25.45% -35,939 -3.51%
Barren Land 5,072 0.13% 4,955 0.13% -117 -2.30%
Developed 481,157 12.40% 566,461 14.60% 85,304 17.73%
Forest 1,061,188 27.35% 996,949 25.69% -64,239 -6.05%
Grassland/Shrub 154,386 3.98% 169,918 4.38% 15,532 -10.06%
Wetlands 839,426 21.63% 837,828 21.59% -1,598 -0.19%
Open Water 315,580 8.13% 316,636 8.16% 1,056 0.33%

TABLEA. CHANGES INAR PAMLICORVERBASINLANDCOVERS FRORD01T02019

Aggregated Land 2001 Percentof 2019 Percent of Change Percent

Cover Type (acres) watershed  (acres) watershed  (acres) change

Agriculture 873,876 22.21% 853,070 21.68% -20,805 -2.38%
Barren Land 13,550 0.34% 10,109 0.26% -3,440 -25.39%
Developed 205,553 5.22% 223,159 5.67% 17,606 8.57%
Forest 938,158 23.84% 915,516 23.27% -22,642 -2.41%
Grassland/Shrub 154,607 3.93% 179,669 4.57% 25,062 16.21%
Wetlands 767,567 19.51% 768,250 19.52% 682 0.09%
Open Water 981,711 24.95% 985,249 25.04% 3,538 0.36%

Population Growth
The Neuse and TdtamlicoRver basins have both experienced population growth over the past two

decades. However, thideuse basin has grown at a much faster rate due to its larger urban centers with a
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residentpopulationtotaling more than1.9 million peopleas 0f2020 more thanfour times the sizef the
TarPamlicoat 430,000 According to the United States Census Bureau, the population of the Neuse basin has
increased by about 46% between 2000 and 20&6ile theTarPamlico Basigrew byjust 5% since 2000
(Figure33). The map below ifrigure 3 demonstrates these trends spatiallyjth the total population change

per municipality and county in the Neuse basin andHamlico basin. Darker Shades indicate higher increase

in population and ykkow indicates a decrease in polation.

As populationsn both basins continue to groythis will increase demand facommunitywater resources
and wastewater treatment plant expansions, as weltesult in aloss of agricultural and forest land as

pressure fomore housing continues

FGURE3. TOTALPOPULATION CHANGE OVER TMEUSE: TARPAMLICOBASING(2000¢ 2020)
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Agriculture: Changes in TotaCrop Acreageand Changesoy Crop

Thelocal Advisory Committees under the Agriculture rule (see Implementation section aboa&ulate
the cropland acreage annually by utilizing crop data reported by farmers to the Farm Service Agency.
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number of cropland acres fluctuates every year in both watersheds. Each year, some cropland is

permanently lost to development or converted to grasdrees. However, idle land is agricultural land that

is currently out of production but could be brought back into production at any time. Cropland conversion

and cropland lost to development is land taken out of agricultural production and is uribikedyreturned

to production. The total crop acres are obtained from USE®A and NC Agricultural Statistics annual
NBLIR2NIAT | ONBa 2F ARfS flIyR YR O2y@SNARAZ2Y (2 20KSNJ
judgement, USDARArecords, andccounty planning departments.

Total reported crop acres for the Neuse watershed are presented in F3§ueand the total for the Tar

Pamlico are presented in Figu3é. Overall crop acres have decreased by 20 to 25% in both watersheds

compared to the badae period. Reduction in total crop acres is included in the overall calculation of
nitrogen loss reduction for each watershed.

FGURE35: TOTALACCOUNTEGROPACRES IN THYEUSBNVATERSHEBASELINEL991:-1995)AND SUBSEQUENYEARS
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FGURE36: TOTALACCOUNTEOGROPACRES IN THRARPAMLICONATERSHEBASELINE ANBUBSEQUENYEARS
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Crop Types and Fertilization Management
A host of factors from individual to global determine crop choices, inclutkegs for fertilizer, ability to

double-crop, weather patterns, and commodity priceSome of this cropping shift is due to the need for
regular rotations on agricultural operations. In order to minimize the threat of diséfaseloublecrop

planting of wheat and soybeans is usually followed by a corn crop. This means that fluctuations within this
rotation are to be expected from year to year even in the face of similar weather condif8B@tause each

crop type requires diérent amounts of nitrogen and utilizes applied nitrogen with a different efficiency rate,
changes in the mix of crops grown can have significant impact on the cumulative yearly nitrogen loss
reduction.

Figures37 and 38 show the annual total acreage séven major crop types tracked in the Neasel Tar
Pamlicowatershed;, respectively. Yearto-yearvariationswithin crop typesare apparent, and similaelative
cropmagnitudes and overall temporal crgatterns are apparent between the twwatershedsWhile
soybeans are the predominant cregreagethroughout thetime period, theyrequire minimal nitrogen
application compared to other crop types.
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HGURE7: TOTALACREAGE OMAJOROROPS IN THEEUSBNVATERSHEIBASELINPERIOD ANISUBSEQUENYEARS
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HGURE8: TOTALACREAGE MAJORCROPS IN THRARPAMLICONATERSHEIBASELINPERIOD ANISUBSEQUENYEARS
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Better nutrient management in both watersheds has resulted in a reductidertifizer application rates
from baseline levels. Figure8 &d40show the nitrogen application rate usedch yearfor the same major
crops in the Neuse and FRamlico watersheg) respectively. With the exception of fertilizer for
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Bermudagrass and BeOdzS 6Sd3d aKF @£ 03X FSNIUAE AT SNMoNeai Buiall F2 NJ S| O
crops show a decrease in application rate compared to the baseline period for both watersheds. Over time

there has been an economic incentive for producers tpriowe nitrogen management. Factors identified by

LACs that have contributed to reduced nitrogen application rates inchatedatory animal waste

management plansncreased education and outreach by NC Cooperative Extension, a federal government

tobacco aiota buyout, economic decisions and fluctuating farm incomése phasing in of stateFO

permitting programccurred shortly after the baseline time period for these strategies, such that

compliance with the regulations is believed to have driven n&abtctionsseenin N rates for the grasses.

FAGURE39. NITROGEM\PPLICATIORATES FORIAJORCROPSNEUSBNATERSHEIBASELINPERIOD& SUBSEQUENYEARS
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FGUREO0: NITROGEMPPLICATIORATES-ORMAJOROROPSTAR PAMLICONATERSHEBASELINPERIOD AND
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Implementation of Agricultural Best Management Practices
BMP implementation is onfactor, along with crop shifts, crop acreage changes and fertitete

changes, influencingitrogen reduction on agricultural landKkeyBMPstracked byNLEWare riparian

0dzZFFSNBR 2F QI NA2dza 6ARGKA O6HNQY onQI pnQs 17nQx |yl
structures.Division of Soil and Water Cservation staff work witltost share records andAG annually to

tally BMP implementation.

Overall, totalunits of BMPimplementation have increased since the baseline in both watersh@das. half
of all reported croplandn these basinseceives somé&ind of BMP treatmentandthis does not include
farmer-installed BMPs that are not funded by cost share programs excéiptited cases. Additionally,
acreage treated by buffers generally 5 to 10 times greater than the reported buffeotprint acres

FiguresA1l and42 show cumulative stream buffer implementation in the Neuse andPanlico watersheg
respectively. Apparent large changes in buffer acreagaslly insteadeflect changes in the way buffers
were tracked over the impmentation period. From 2001 through 2006, the NLEW program captured

0dzFFSNE pnQ FYyR gARSNI A& 2yS OFiS3I2NERO® ' FGSNI GKS Hr
FRRSR® LY / ,Hnnc GKS 0dzFFSNAR I NBESSF2MRYG apbn Q LS NE HMNE
TNQ 0dzFFSNE 6SNBE O2Y0AYSR Ayid2 | aAiAy3at S GhelySaz2Ne F2)

summarizing buffer implementatiomew buffer area was added over the first ten years of implementation
and has remaied relatively stable since.

Ly GKS Y2ad NBOSyli OSNEAZ2Y 2F b[92 6alFNIAY3I AY HAMN
HE: 2F YAGNRISY t2ad FNRY ONRBLIISR FNBLFa YR mMnnQ &AF
nitrogen lost fromcropped areas, with proportional reductions forletween buffer widths. No distinction

in performance is made between buffer vegetation types (trees vs. shrubs vs. grass). Buffer performance is

based on research conducted by NCSU.
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HGURE 1. QUMULATIVRACRES CBTREAMBUFFERBVPLEMENTED IN TMEUSBNVATERSHED
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FiguresA3 and44 show annual acres of unfertilized coverops in the Neuse watershed and “Ramlico
watershed, respectively. Unfertilized cover crops act to scavenge excess nitragehe soil.

HGURH3: ACRES OBENFERTILIZEBDVEROROPSNEUSBNVATERSHED
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FAGUREM4: ACRES OBNFERTILIZEBDVERCROPSTAR- PAMLICONATERSHED
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There have also been changes in how water control structures have been tracked over time. Every effort is
made to ensure that reported BMPs continue to function as desigvadlification of this functionality

requires site visits to individual farm owners who may or may not be under active contract. Coastal counties
have reported that water control structure® longer under an operation and maintenance agreement that
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havebeen checkedare still being actively managed by producdespite contract expirationsNevertheless,
beginning with 2019 all acres affected by water control structures instaliéeiast10 years prior were
YIEydzZ ffte NBY2@FSR T NR Xdditohadi-of-Cohtdmytsirécras afe 2etnbvédeach yéar
on a rolling basis. Contracts which aresr@olled in the Agriculture Cost Share Program or structures which
are fieldverified as still functioning are then-sdded to the cumulative acre tals. Figured5 and46 show

the cumulative total of all acres affected by water control structures since the baseline for the Neuse
watershed and TaPamlico watershed, respectively, as well as the adjusted total showing only active cost
sharecontracts beginning in CY2019.

HGURHES5. WATERCONTROISTRUCTURIEMPLEMENTATION IN TNEUSBNVATERSHED
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Not all types of nutrienteducingBMPs are tracked by NLEW. These include livestdated nitrogen and

phosphorus reducing BMPs, BMPs that reduce soil and phosphorus loss, and BMPs that do not have enough

scientific research to support a nitrogen reduction benefit. Figdiesnd48 show nine additional types of

BMPs that are not credited in NLEW that have some nitrogen reduction benefit in the Neuse watershed and
TarPamlico watershed, respectively. There has been a consistent increase in BMP implementation from

2001 to the present
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HGURE7: QUMULATIVRACRES ONON-NLEWACCOUNTEBMPS INNEUSBNVATERSHED
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Livestock and Animal Feeding Operation Permitting

Animal numberdor this report were drawrrom the national,5-yearfrequencyCensus of Agriculture
conducted by théJSDA National Agricultural Statistical Servider the span 020022017 (2022 Census data
are not available until 2024The 5year Census is generally considered the most reliable quantification of
animal numbergublicly availableas it is based on a more rigoraagvey of farms than the annustatistics
provided by USDA he Censuprovides a sequentialsnapshot of livestock dynamics across the basins.

Cattle

Across tle state, cattle numbersontinue to decline, includingnodestlysoin the Neuse and Ta&?amlico. In
2017, there were about 47,600 Cattle in Neuse and 46,900 wdianlico (Figurd8). The counties with the
highest cattlenumberswere Johnston (Neusé3,381) and Franklin (T&amlico, 1522) figure49.)

HGURHEI9. CATTLEINCLCALVESINVENTORY FOR THE COUNTIES WNEHIEE ANDAR PAMLICORVERBASINS2002
2017.S0URCEJSDANAS S ENSUSQUICKSTAT.
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Swine

Hog inventoriesn the basinslso fluctuated modestlfrom 20022017with no apparentrend, as shown in
Figure50. In 2017, there were about 1,731,700 Hogs in Neuse and 544,660 in tiaifdico. The counties
with the highest hog inventories were Wayne ((Pamlico, 538,560) and Greene ((Pamlico, 329,340).
Figure51 identifies the county with the highest animal inventory in each basin for each animal type, Cattle
(Purple), Hog (Blue), and Poultry Broiler and Layer (Green).
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HAGURB0. HOGINVENTORY FABUNTIES WITHINEUSE ANDARPAMLICORVERBASINS20022017.
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Poultry
Across North Carolin&roiler and Layepoultry inventoriesfluctuate buthavegenerallyincreased sincat

least2002.As 0f2017in Neuse and TaPamlicg there were about 8,041,680 Poultry (Broiler + Layer)
inventory in the Neuse and 7,117,290 in the-Pamlico(qualifiers:the data presented in Figurg2 for
poultry includes the USDA NASS Census categories of Broiler inventory and Layer initesiies/not
include Pullets, Roosters, Turkeys, or other poultry categangentoryrepresentsthe number of birds in
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the county at any given timéuring the year notthe total producedoverthe year;andsome counties report
missing datan the Censusnd annual surveys, which potentially leawes significant populations)

FGURES2. POULTRBROILER WITEAYERNVENTORM NEUSE ANDAR PAMLICORVERBASINS20022017.
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Among the various voluntary assistance programs available to prodincdsth Carolina and these Basins
one in particular the Program to Acquire ConservationsEments On Swine Operationstire 100-Year
Floodplain(aka Lagoon Buyout prograrinay have significant bearing on nutrient loading to the estuaries.
Created in November 1999 in the wake of devastation from Hurricanes Dennis, Floyd, anchirdragdon
Buyout program isnanaged primarily by the DSWThe objective of the program is to reduce the risk to
water quality from future flood eventsthe DSWC solicits bids from interestedgming swine operations to
relinquish their permit anestablish a conservation eament on the propertyThe land can continue to be
used for lowintensity agriculturebut is prohibited from operating a feedlot saciatedwith lagoons in a 100
yr floodplain oreasementuse as a spray field.

Since inceptiomi 1999, the Land and Water Conservation Fund approved 4 dtataing $18,669,500
statewide)to the Division of Soil & Water Conservation to acquire conservation easements on swine
operations in the 10§ear floodplainWithin the Neuse and Td&amlicoa total of 69 lagoons have gone
through this progranas detailed in Tabl®.

TABLES. TOTAL NUMBER OF LAGOONS AND EASERRENDING BYHENCLAGOONBUYOUTPROGRAM1999TOPRESENT
NEUSE ANDARPAMLICCBASINS

River Basin Easement Cost Number of Lagoons
TarPamlico $7,449,243 54
Neuse $3,296,286 15
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Changes in Atmospheric Deposition

Atmospheric deposition of nitrogen oxides (NOx) and ammonia (NH3) is a significant source of nitrogen input
Ayid2 Db2NIK /FNRBEtAYFQa O2Fadlf ydziNASyd aSyairidagdgsS Sal
2003; Costanza et al., 2008uring development of the Neuse and FTRamlico TMDLsgpontributionsof

atmospheric deposition wersomewhatunderestimatedNeuse) or overestimated (F&amlicodue to

limited dataavailability and knowledgess well adiffering methodsat the time.. 2 i K dMDisA y Q &

assigned open water a percentage of N and P lodolirsgd on direct atmospheric depositiontttat water.

The open water of the estuaries themselexd a large effect on the outcome, aimtlusion of differing

extents of estuay acreageielded very different resulfsvith the Neuse TMDL attributing about 5% of N

loading to open water while the Tdamlico assigned 33% toRegardless, neither TMPkoposed

management actions for this portion of basin load{agtually the document oiially recognized as the basis

of the TarPamlico TMDL, the 1994 Basinwide Plan, only budgeted nutrient sourdetidanot propose
managementactiorB Ay aGSIRX t KFAS LL 2F (KS LJ2A Y, lestahl@dgNIOS RA &
in 1995 provided the management plgnnor did theyreassign it to other sources. They simply did not

discussts fate.

Ammoniacan contribute a significant fractido atmospheric nitrogemeposition, however its magnitudes
are much more variable than those of NOx becausdidsibution is more localized than the much more
regional multi-state scaleNOx mixing patternslhe majority of atmospheric ammonia in the coastal plain
volatilizesfrom confined animal operations, but sewage treatment plants and fertilizers applied to the land
also contribute small amounts (Whitall et al., 2003; Walker et al., 20@4)dition,a large single source of
ammoniaexistson the south side othe Pamlico estuaryherethe PCSCorporationoperates adiammonium
phosphate plantvith significant ammonia emissions areasin the ammonia airshed of CAFO
concentrations, ammonia can constitute up to approximately half of TN deposition.

Atmospheric N is delivered in two ways, wet and dry deposition. Dry is generally less easily measured and is
thus less wellinderstood.A 2012 study conducted by the City of Durham that evaluated the contribution of
organic Nitrogen to the total nitrogemmad from atmospheric sources found that more than 95 percent of
nitrogen deposited from th@atmosphereis inorganic. (AMEC, 2012). With this in mind, deposition data from
the EPA Clean Air Status and Trends Network (CASTNET) simulation of wet andalicideppsition rates

for the CASNET site #142 located in Beaufort, NC was used for this analysis to track the current trend in
atmospheric deposition in the coastal plain area of NC (FigBie
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FGURES3. INORGANINITROGEMTMOSPERIDEPOSITIORATES ABEAUFORTNC

Beaufort CASTNET Station #142
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Results indicate a promising downward trendongterm atmospheric nitrogen deposition in this coastal
region of the Neuse and T&amlico basingepresenting a 20 percent decline in the watershed since the
2000 Nitrate deposition reductionsan ke attributed to several state and federal air quality initiatives
enacted in the early years of the 2&entury,with overall decrease in inorganic nitrogen deposition
attributable to regional and global reductions in emissions from vehicles and stationary sources like power
plants.

Inventory of Onsite Wastewater Systems

Onsite wastewater systems, also known as septtesns, remain a common method of wastewater

treatment in the Neuse and Tdtamlico River Basins and other rural areas of North Carolina. These systems
typically consist of a septic tank, which collects and treats wastewater from a home or building, and a
drainfield, which disperses the treated wastewater into the surrounding soil.

Thesesystemgrely on nutrient removal through landscape processes, primarily denitrificasioih
immobilization,and plant uptake. These treatment proces$ese been demonsated to remove thegreat
majority of nitrogen and phosphorus generated by #ssociated developmeritefore they reach surface
waterswhen properlysited andmaintained with phosphorus removal aftirtually 100% and nitrogen
removal in the high 90 percent rangdoweversiting can be less than ideal at timeésaintenanceas known

to be a weak poinin performance, andandscape process&sn bevariable in natureandhave the potential
to contribute tonutrient loadingand aher water quality problems, especially in areas with high population
densities or poorly drained soils.

More than 50% of the population in North Carolina rely on onsite wastewater systems to treat their
household wastewater. As a result, the number oftsyss in the Neuse and T&amlico basingenerally
tracks with overall population growth in rural areas where connections to municipal wastewater sysmtems
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unavailable The increase in onsite wastewatgistems in the Neuse and FTBamlico basins between 2000
and 2020 is illustrated below in Figusé.

HGURB4. TOTAINUMBEROFONSITESYSTEMS INEUSE ANDAR PAMLICORVERBASINS

Number of Onsite Water Systems
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Sanitary Sewer Overflows
Agingcommunitywastewaterinfrastructure may also be contributing to unaccounted nutrigrgutsto

surface waters. Upgrades and maintenance of wastewater infrastructure is important to protect human
health, protect water quality and to prevent monetary fines and costoaiated with a system overload.
Sanitary sewecollectionsystemsgatherand transport domestic, commercial, and industrial wastewater
often along withlimited amounts of infiltrated ground wateto treatment facilities for treatment.
Occasionally, sanitary sewers will release raw sewage due to blockages, line bnedkftbdriven inflow
and infiltrationwhere lines have deterioratedllowingstormwater or groundwater to overload the system.
These types of releases are caltegl weather or wet weathesanitary sewer overflows (SSO®spectively
SSOs that reach waters of the U.S. are point source discharges.

SSOs are prohibiteghd permitteesare required to reporthem to the appropriate DWR Regional office staff
within 24 hours ofliscovering an overflow if the spill or overflow is more than 1,000 gallons to the ground
and anyoverflow, regardless of voluméhat reaches surface water.

TheDWRCollection System Permiitig programworkingwith the DWR Regional Officeeceivesandtracks
SSO repo# either from the facilities or complaint8ased on DWR recordmnualnumbers ofSSGevents
and volume spilled in gallons, from 20682020, for the Neuse and T&amlico Basin counties are provitia
Figuress5 & 56 below. No particular trend innumber of events odischargevolumesis apparenover these
timeframes
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HGURB5. SANITARYSEWEROVERFLOWSNEUSHASIN
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HGURES6. SANITARYSEWEROVERFLOWSTAR PAMLICCBASIN
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Non-Discharge Permits: Residuals and Wastewater Effluent Land Application
Nondischarge permits include residual awdstewater effluent land application facilities as well as

beneficial use of reclaimed water for the purpose of conserving the state's potable water, surface water, and
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groundwater resources. DWR must permit wastewater treatment systems under Genera $4&015.1
Control of Sources of Water Pollution; Permits required, and under several Administrative Codes:

=A =4 -4 -4 -8 -8 -4

15A NCAC 02Waste Not Discharged to Surface Waters

15A NCAC 02tJReclaimed Water

15A NCAC 04 Groundwater Classification & Standards

15A NCAQS8A .190Q; Sewage Treatment & Disposal Systems
15A NCAC 02Bsurface Water & Wetland Standards

15A NCAC 01€¢North Carolina Environmental Policy Act

15A NCAC 02H .04Q@oastal Waste Treatment Disposal

Non-discharge permitting allows wastewater trea¢nt and disposal while avoiding discharge to surface
waters and may reuse waste as a beneficial product.-Discharge is NOT the discharge to surface waters of
the state or utilization of a suburface disposal system (i.e. septic system with leachdistk Septic System

section).

TABLEG. TYPES ONON-DISCHARGEBERMITS

Types of NorDischarge Permits;

Non-Discharge Disposal Methods

Domestic, Commercial and Industrial
Facilities that Need a Noidischarge
System

Wastewater Irrigation
SingleFamily Residence
Wastewater Irrigation
HighRate Infiltration
Other Wastewater
ClosedLoop Recycle
Reclaimed Water
Residuals Management

= =4

E N I I

Spray/Drip Irrigation
High-Rate Spray/Drip
Infiltration

High-Rate Basin Infiltration
HighRate Rotary Infiltration
ClosedLoop Recycle
Reclaimed Water Reuse
Reclaimed Water Irrigation
Non-Discharge Disposal
Methods

E ]

=a =4 =4 =8 -4 -

Unable to connect to local
sewer system

 Unable to obtain subsurface
system permit

1 Unable to obtain discharge
permit (NPDES)

 Utilizereclaimed water to
replace potable water

1 Recycle systems to reduce
overall water usage

The NC DWR Natischarge branch permits are available to the public on Laserfiche and generally
demonstrated on the Online GIS majnn Discharge PernsitView) | NC DEQ GIS Data (arcgis.com)

Within the Neuse River Basin there are about 11 land application of residual permits (503 and 503 except),
totally about 18,800 permitted dry tonnage. Within the JRaim there are about 12 of the same active

permits, and 12,790 dry tonnage. Residuals,amnstimes referred to as biosolids, askidge that has been
treated to ensure that it can be safely applied to land as a fertilizer or soil amendment (these are called
beneficial reuses)Agronomic rates are considered when permitting dry tonnage of ratsdor land
application:40 CFR Part 503.14 requires that biosolids must be applied to land at the appropriate agronomic
rate which is the sludge application rate designed to provide the amount of nitrogen needed by the crop or

vegetation grown on the lah
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HGURES7. PERMITTEDRYTONNAGEOR LANBPPLICATION OF RESIDUALS PER CONBUYE
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HGURES8. PERMITTEDRYTONNAGEOR LANB\PPLICATIORF RESIDUALS PER COUNAR-PAM
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The land application of wasteier effluent is permitted by flow (GPD) under wastewater irrigation, single
family residence wastewater irrigation, and higite infiltration, and other nordischarge wastewater.
Within the Neuse River Basin has abd4t30,000 GPD permitted flow and thiearPam as about 5,560,000
GDP permitted flowkrigure ® showsthe approximate location (distribution) of the land application of
effluent and residuals in both basins.

67



Draft¢ May 16, 2023

FGURES9. LOCATION ONON-DISCHARGE SITENEUSE: TARPAMLCORVERBASINS
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Environmental Charges

Climatic Trends

Recent studies have suggested that climdi®ven increases in the frequency and intensity of tropical storms
may be a significant factor in organic nitrogen increases in the Neus€asithmlico River Basin®ver the
past two decades, North Carolina has experienced a number of impacts from climate change. Some of the

most significant impacts include:

U Increased frequency and severity of hurricanégorth Carolina is particularly vulnerable to
hurricanes, and climate change has led to an increase in both the frequency and severity of these
storms. This has led to widespread damage and disruption, pkatigun coastal areas.

U Increased temperaturesNorth Carolina has experienced a steady increase in temperatures over the
past two decades, which has led to more frequent heatwaves and droughts. This has had a
significant impact on agriculture and has eased the risk of wildfires.

i Changes in precipitation pattern<limate change has led to changes in precipitation patterns in
North Carolina, with some areas experiencing more frequent and intense rainfall events, while
others experience droughts. Thisshalso affected the state's agriculture and water resources.

Overall, the impact of climate change in North Carolina has been significant, affecting everything from the
state's economy to its natural resources and infrastructure. It is likely that thgs&cits will continue to
increase in the coming years unless significant action is taken to mitigate and adapt to climate change.
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FGURES0. PROJECTED CHANGE IN ANNUAL PRECIPITATION BARBBORTHCAROLINA(QTATIONNOAA.

Projected Change in Annual Precipitation

Change in Annual Precipitation (%)

BT [ ] [

<-20 -15 =10 -5 0 S5 10 >15

b2NIK /I NRftAYlFIQ&a LINRP2SOGSR AYONBIasS Ay

4 SYLISNI ( dzNB

and reduce capture by reservoirs and groundwater recharge. Rising sea levels also pose risk for saltwater

intrusion.

HGURB 1. CHANGE IN GLOBAL SEA LEVE|N(AAPREDICTIONS

Observed and Projected Change in Global Sea Level
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Frankson, R., K.E. Kunkel, L.E. Stevens, D.R. Easterling, W. Sweet, A. Wootten, H. Aldridge, R. Boyles, and S.
Rayne, 2022: North Carolina State Climate Summary 2022. NOAA Technical Report NESDIS 15

NOAA/NESDIS, Silver Spring, MD, Sipps://statesummaries.ncics.org/chapter/nc/

Hurricanes & Extreme Weather Events

Coastal North Carolina experientd6 tropical cyclones, including three floods of historical significance in the
past two decades (Hurricanes Fle@l99, Matthew2016 and Florenc2018). Continuous rainfall records for
coastal NC since 1898 reveal a period of unprecedented high preicipisgtorm events since the lat&£990s.
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{AE 2F aS@Sy 27F (KS & o Sydaidcard dccutrad th M pas #Sdecades, Ay (G KA & F
identifying a period of elevated precipitation and flooding associated with recentPia@sl et al, 2020)

HGUREG62. TROPICACYCLONPRECIPITATIONADAPTED FROMAERL ET A(2020)

Tropical Cyclone Precipitation in North Carolina, 1996-2019
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Date of Tropical Cyclone 1996-2019

The annual precipitation for NOAA Climate Divisions Climate Division 7, Central Coastal Plain, and Division 4,
Peidmont, contain the Neuse and TRamilco Basins. Within these regions, precipitation has increased over
time in the alternating periods of ratively wet years to more dry years. Monthly average precipitation
throughout the basins are usually higher during the summer months than the rest of the year. However,
summer is also the time when vegetation uses more water and high temperatures inensggseration. The

combination of these two factors produces lower streamflows in the summer months when demands for
water are usually the highest.

Annual Rainfall & Flows

Precipitation and annual stream flows are closely relaed play a major role fluencing theyearto-year
variability ofnutrient loads delivered to the Neuse and FRamlico estuarierecipitation and runoff
mobilize and transport nutrientand also transport emed sediment from upland sourcddowever, he
relationship between precipitation and stream flows can be complex aby isore than just hoveften and
how much it rains. It can also ladfected by factors such as the amount of water thalieadystored in the
soilandland usdland use changeas well agiming and intensity of precipitation events

Figures3 and 64 below compare the average annual flows measured at Fort Barnwell in the Neuse and
Grimesland in the TdPamlicobasinto annual rainfall measurements at the Greenvgtecipitation station
located in the central coastal plaifihis sideby-side comparison shows hostream flows at these two
monitoring stationggenerally correspondith the yearto-year variability ohigh and low rainfall yeanshich
strongly correlatesvith the annual raw loading to the two estuaries stsow in the water gality trend
analysis discussed earlier in this report
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FGURES3. ANNUALH.OW ATFORTBARNWELLNEUSE BASNS ANNUALRAINFALI(GREENVIL)E

Annual Flow vs. Annual Rainfall
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FGURES4. ANNUALFLOWAT GRIMESLANDTAR-PAMLICO BASIMSANNUALRAINFALIGREENVIL)E
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Other Water Quality Improvement Efforts

319 Grant Program
Through Section 319(h) of the Clean Water #at,U.S. Environmental Protection Agency presidtates

with funding to reduce nonpoint source pollution. North Carolina typically receives around $1 meniéon
yearfor competitive funding of watershed restoration projeetsd has previously allocated just under $5
million for projects in the Neuse and Haamlico basins combinesihce 202. Funds may be used to conduct
watershed restoration projectsuch as stormwateand agricultural best management practices and
restoration of impaired streams. Section 319 granbjectsmust be used tdelp restore water bodies
currently impaired by nonpoint source pollution in areas with approved watershed restoration plans.

State and local governments, interstate and intrastate ages)giublic and private nonprofit organizations,
and educational institutions are all eligible to apply for 319 funding. An interagency workgroup reviews the
proposals and selects those of merit to be funded.

205J Grant Program

Throughthe Section 205(j) Grant program, the U.S. Environmental Protection Agency provides states with
funding to do water quality planning. North Carolina typically receives around $150,000 for competitive
funding ofwater quality planning projectand has awared approximately $45,000 for projects in the Neuse
and TarPamlico basins since 20Ithese projectsan involve identifying the nature, extent and cause of

water qualityproblems or doing planning wotk address those problems. Projects ¢aaludebut are not

limited to thedevelopment of EPA-Blement Watershed Restoration Plans for adigit or smaller USGS

HUC, mapping stormwater infrastructure, conducting engineering designs for stormwater best management
practices, and watershed assessments ofygalit sources.

205(j) grants are eligible to regional Councils of Government; COGs may partner with any public sector
organization to implement projects. A match is preferred, but not requi€tte contracted, projects can

run fora maximum ofLl8 months.Funds are dispersed on a quarterly reimbursement basis, with any invoice
to be accompanied by a report of the work performed. The request for proposals is released annually in
summer and projects are selected in fall.

WRD Grant Program

The purpose of the Water Resources Development Grant Prograsrprovide cosshare grants and

technical assistance to local governments throughout the state. Applications for grants are accepted for
seven eligible project types: general navigation, eational navigation, water management, stream

restoration, waterbased recreation, Natural Resources Conservation Service Environmental Quality
Incentives Program (EQIP) stream restoration projects and feasibility/engineering studies. The navigation and
coastal storm damage mitigation projects are collectively referred tG@astal Infrastructure projects. The
non-navigation projects are collectively referred toState and Local Project&pproximately $7228 million

has beerallocated toWRD projects in the Neuse amdrPamlico basins since 2016
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Assessment & Adaptive Recommendations

This threeyear report provides a snapshot of the current state of rule implementation activities in both the
Neuse and TaPamlico River Basins aslixgs changes in nutrient loading and estuary water quality. It
highlights both the challenges in achieving the water quality goals of the nutrient management strategy and
the need for additional information to inform the adaptive management of the estaagyongoing rules
reexamination process. All the while, the regulated community continues to work constructively and
collaboratively with the Division to improve water quality in the Neuse Estuary. The partnership between
DWR and stakeholders has beenazdal and invaluable in addressing the formidable challenges inherent in
sustaining the resources and designated in the Neuse River Basin and estuary.

Analysis of Key Findings

Giventhat both Neuse and Pamlico estuaries remain roughly as impaired today as they were at the outset of
these strategiesa reasonabldirst questionis, how much progress has been made in nutrient loading to the
estuaries and by what sourcé&sThe frst sec¢ion belowrecapsanswers to the estuaripadingpart of the
guestiondrawing oncontent fromthe Status and Trendshapteraboveand bringingn important research
findingsthat speak to thesource pariof the questionfor the unexpected increaseseenin TKNoading
Subsequent sections shed light on progress by regulated sources.

Estuary Temporal Nutrient Loading Trends
In recent yearsnistream analysef flow-normalized loading (FNtrendsin nitrogen specien Neuse and

TarPamlico basisiover the course of nutrient stratgdhistory have increasingly identified pair of

important commonphenomenaFirstis the initialstrategy@ S | déd@e@se in TN loadirdriven mainly bythe

NOxN fraction.Seconds a commongeneral trend of increasing TKN since approximately the turn of the

century.In both basins, thisicreasehasacted asa counteforceto NOx loadinglecreases being achieved

through nutrient strategy implementatiarAs shown in the following figuse themost recenttrend analyses
developedatthehead2 ¥ (G KS S&alddzZ NASa o0& 52 wQa(demidibStherSyals | YR | & a&
and Trends sectigrshow no meaningfuhitial changein TKNG K N2 dz3 K G KS mMdppn Qs> I Fi SNJI ¢
almostevery yeaifor 10 to 15 yearsThe result ithe Neusehas beerthat an initial 20%TI'Nreduction

reached in2000 was eventuallgegatedby about 2012and ithassincehoveredaround no nefTNreduction

In the TarPamlicoan approximately 10% initial Tidduction wasegatedby 2009 continuing into net

increaseterritory in all years sincdt should be noted that the patterns GiKN increaseary considerably
betweenmonitoring sitesn these basingsee Appendi®),but all stationshave shown a general increase

since 20Q or earlier TKN in the Neuse Basin was composed of about 90% organic N and 1094 INH® et

al, 2012).
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FGUREB5. NEUSE NITROGEN REDUCTION FOR AVERAGE FLOW CONDSI9GN 985(FORT BARNWELL
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Asthese trends havemerged Paerl anl colleagues havkuilt acompelling caséPaerl et al, 202(Paerl et
al, 201; Paerl et al, 2013hat distinctincreasesave occurredn coastal NCainfall and flooding from
intensifiedtropical cycloneactivitysinceli K S I {iafid thevhave, 8ndong other thingsnobilized large
amountsdissolved organic carbdrom freshwaterwetlands andincreased N and P loading, including
dissolved organic nitrogelandhavedelivered them to the estuaries.
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Paerlet al (2020) also recognized thatsimilarrainfaltdriven freshwater @\N-Ploadingincrease patterrhas

occurredin the Chowan anather AlbemarleSound tributariesFigure 67 illustrates this pattern for the

Chowan River, with TKN increases since about 2000 across the mainstem and tributaries, contrasted against a
decreasingverall flow pattern in that timeframe. These TKN values are concentrations rather than percent
changes, and they are not flemormalized, however the combination of a distinctly decreasing flow pattern

since the 19981999 period with steadily increasingrcentrations over that same period provides clear

support for the case that organic N has been increasing significantly here since the turn of the century, and
even moreso with flow factored out. It is also noteworthy that this trend is occurring in dit®WMay and

Blackwater Rivers in addition to the Chowan, adding evidence of a larger phenomenon.

HGURE®B7. CHOWANRIVERNDTRIBUTARSTATIONS YEARRVERAGEKNCONCENTRATIONS75-2018
(SOURCEICDWRCHOWANRIVERBASINVATERRESOURCHESAN2021)
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More specificallyPaerl et adocumentedthat coastal North Carolina has experienced 36 tropical cyclones in

the last 2 decades, including 6 of the 7 wettest storms in the last 120 years, involving unprecedentedly high

precipitation events and three extreme tropical cyclesigven flood events since 89, leading to major

alterations of water qualityLarge amounts ofmobilized,previously accumulated terrigenogarbon ) was

determinedthrough flourescence tracking originate fromfloodedfreshwater wetlands Floodwaters

contained extremely high loads of organic matter, dominated by dissolved organic carbon (DOC) and

dissolved organic nitrogen (DON) as well as other nutrients. Major storms caused up to a doubling of annual

nitrogen and tripling of phosphorusdding compared to nostorm years. Depending on the magnitude of

freshwater discharge, thBeuse estuaracted aitherk  WWLINR OSaa2NRQ {2 LI NI ALt f @
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Ocean. When the estuaprocessedhese increased loads, there were associated increases in: harmful algal

blooms; CO2 release to the atmosphere; fish and shellfish Kills; fish disease rates; freshening of the estuary;

and hypoxia and anoxia conditions. When the estuary acted as a pipeline to Pamlico Sound, the Sound saw
increased large blooms and CO2 atmospheric efflux. During large storm years, the system switched from a

net carbon sink to a net carbon sourdée authors encluded that,

G2 S | LILIS lehtérall A nei tlidaic regime characterized by more frequent extreme
precipitaion events, with major ramificaions for hydrology, cycling of C, N and P, water quality and
habitat conditions in estuarine and coastal waté(®aerl et al, 2020)

FGURES8. TROPICACYCLONEATHI HROUGINCFORELEVATERERIODVIID-M ¢ th g20%9
(FROMPAERL ET ABIOGEOCHEMISTHR2020)

Tropical Cyclone Tracks
(1996-2019)

It appears cleardbm this work thatmost or a large portion of the TKipswingbeing delivered to these
estuariescan be attributed to climatically driveshifts in rainfallBeyond that, twaelated questionsfor this
analysisare: how effectivehave the nutrient strategies beeapart from the organic Mdditions?; and have
loadings fromwatershednutrient sources bereimpactedby the climatic shift characterized by Paerl et al?
While we may not be able to answtrese questions separatelihe next section evaluates basin nint
source changesverthe lasttwenty plusyears drawing on the content of the Watershed Changestion
above andnrelevant research
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Trends in BasinNutrient Sources
Strategyimplementationtimeframesare providedfirst as a reference for thensuingdiscussions Following

that, sourceloading trendreviewsseek to adressthe extent to which loadingpasbeen reduced from
regulated nutrient sources in the basistartingwith wastewater.

Nutrient RulesmplementationTimeframesThe Neusenutrient rules went into effect in Augu4i998,while
the TarPamlico rules went into effect in 2000 and 20Qhe of two exceptions to these initiation
timeframes was implementation of riparian buffer protections, whigere enacted by temporary rule for
both basins in advance of the main rule packages, going into effect in 193&dpd000 respectivelyThe
second more importantexception to theeinitiation timeframes washe implementation of TaPamlico
wastewaer discharge requirements, which began as early as 1990 under a sighed agreement katween
association of dischargers, the TJRamlico Basin Associatiar, TPBA, and the statd@PBAlischargers
reman under thisagreementuntil June 2025while the substantiveexisting dischargesquirements of the
agreement were incorporated into individupérmitsand an ovelying group watershed permibh 2014.All
new managemengctions required by thé&leuserules werein placeby 2004 andlikewisefor the Tar-
Pamlico rules bg007.

WastewaterRules Implementation and Accountifinemanagementreainvolving the least uncertaintipr
achieving load reductioris clearlypoint source regulationsncludingthe ability toquantify rule compliance
and instreanprogresswith good confidenceNeuse and Tar astewatercomplianceaccountinghas
documented tastream loading reductions with easily the highest degree of certainty of any source due to
the discrete nature of the sour@nd the ability to monitor enebf-pipe discharges directly to state waters,
along withhaving conducted sufficient baselinatrient and flowmonitoring tohave established baseline
loading estimatesAs illustrated in the Implementation sectiotischarges in both basins have met and
significantlyexceeded load reduction requirementsnd continue to do so consistentBoth theNRCAand

the TPBA havachieved and maintaiannualloads in the range of 6@0% of their collective cager both N
and R
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HGWREGS. NEUSRIVERCOMPLIANCESSOCIATIOMNNUAINITROGENOAD$19952021)
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One qualifier onrarPamlicowastewaterperformanceis thatcertainassumptionsisedin the calculation of
the TPBA 30% N load reduction allocatizere later determined to bénaccurate resulting in aap that
equated to less than a 30% reductifsom baselineandmorein the range of 15-20% reduction

5A 40Kl NHS NE QmaddthaNaSena ngduttiona W& also achieved prior to the 1991 baseline
year, making the caja fairtarget. While this concern was not addressed further, it is worth noting that
averagefacility performance levels needed to meet therrent caps ar@otablyless rigorous thaeither
Neuse discharger requirements lamits of technology
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Wastewater Instream TresdAt least twoinstream analyses corroborate point sou@ehievements ithe

two basinsFirst, & illustrated in Fig. 4 ahetrend analysisn the Status and Trends section above,

reproduced belowNOXx reductiongor the 20132017 periodrelative to baselindrack urban areas and

discharge pointspeakingat 57%reduction near Claytordownstream of Raleiganda | G4 St f AGS O2 YYdzy A
dischargs. Proceeding downstream, N@aductionpercentagewanesto 18% by Ft. Barnwellhis pattern is

highly likely tabe driven by wastewater dischargeSecondwatershed modelingonducted by Strickling and
Obenour(2018)foundfor the period of 1994012that point sourceN load decreaskin the Neuséy 61%

while it showedessentially no change the TarPamlico basinwhere dischargers had already largely

achievedmuch of theirreductionsby 1994

HGURE 1. UPSTREAM TO DOWNSTREAKHANGE INNEUSEBASINNITROGEMOAD VS1991-1995BASELINE

Percent Change in nitrogen from the 1991-1995 baseline period to 2013-2017 period
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HGURE2. UPSTREAM TO DOWNSTREAKHANGE INAR-PAMLICOGBASINNITROGENOAD VS1991-1995BASELINE

Percent Change in total nitrogen load from the 1991-1995 baseline period to 2017-2021 period
for Selected Tar Stations
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Nonpoint Source Loadingpeaking first to nonpoint source loading in gengetta following graphic
developed by the Neuse River Compliance Association illustrateaitifalldriven characteof most of the
nitrogen loading in the Neuse Basamdthe relative magnitudeof point source loading compared to that
nonpoint, in additon to the striking reductions achievéu discharge loadingy the Association.

HGURE 2. NEUSBASINPOINTANDNONPOINBOURCEOADINGTFT.BARNWEL19952019
(SOURCENEUSHRVERCOMPLIANCASSOCIATION

Total Nitrogen Load at Fort Barnwell, Lower Neuse River

AgricultureRule Complianc& heAgriculture rulesised a novetollective compliance approaend

nominally called for all agricultal operations tacollectively achievéhe 30%N load reduction goal

However rule structural limitatiorsincludedlimited enforceability andleferral of important specifican how
variouschallengingelementsmight be implementedo processesalled forby the rulesUltimately,
implementationdid not address certain aspectstbe ambitious chargelt did not addressoading fromAFO
facilities,a sectorfor which separate state regulations were being rolled authe time It wasstatutorily

barred from addressingry litter poultry facilities and their waste management practicEse science was
found irsufficient toaccount fomutrient dynamics and loading frograzed pasture agriculturdo the

extent that nutrient loading to wrface waters from these unaddressed agricultural sectors did not decrease
or increased, overall progress would be undercut.

Regarding rule compliance accountitagkingwatershed modelindor the basinat the time(the
development ofwhich wasif nothing elsenot feasiblewithin the timeframes provided formplementation,
the accounting system developdiorough the leadership of subject matter expettsed a réatively
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