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Neuse River &Neuse River &Neuse River &Neuse River && Falls Lake& Falls Lake& Falls Lake& Falls Lake
Overlying nutrientOverlying nutrientOverlying nutrient Overlying nutrient 
strategies for two strategies for two 
impaired watersimpaired watersimpaired watersimpaired waters



N  Ri  B i  StN  Ri  B i  StNeuse River Basin StNeuse River Basin St

 6,200 square miles.6,200 square miles.

 3,500 miles of fresh wat3,500 miles of fresh wat

200 il l R b200 il l R b 200 miles long, Roxboro200 miles long, Roxboro

 371 000 estuarine/saltw371 000 estuarine/saltw 371,000 estuarine/saltw371,000 estuarine/saltw

 Broad, shallow estuary wBroad, shallow estuary w, y, y
15 feet15 feet..

ti titi tiatisticsatistics

ter streams.ter streams.

t th P li S dt th P li S do to the Pamlico Sound.o to the Pamlico Sound.

water acreswater acreswater acres.water acres.

with an average depth of with an average depth of g pg p



Two Nutrient StraTwo Nutrient StraTwo Nutrient StraTwo Nutrient Stra

 1997 1997 Neuse EstuaryNeuse Estuary
–– Allocation to Point Sources Allocation to Point Sources 
–– Point Source Trading per RuPoint Source Trading per Rug pg p

 20102010 Falls Lake NuFalls Lake Nu
–– Two Stages: Two Stages: 

 (1) 2011(1) 2011 –– 2021: 20% T2021: 20% T (1) 2011 (1) 2011 2021: 20% T2021: 20% T
 (2) 2021 (2) 2021 –– 2035: 2035: 40% T40% T

–– New Development New Development ––achieachie
–– Full Trading allowed inclFull Trading allowed inclFull Trading allowed inclFull Trading allowed incl
–– Existing DevelopmentExisting Development

 (A) Back to 2006 loadin(A) Back to 2006 loadin
 (B) Achieve (B) Achieve Stage 2Stage 2 in 5in 5( )( ) gg

ategiesategiesategiesategies

y TMDLy TMDL

ule: 15A NCAC 2B .0234(9)ule: 15A NCAC 2B .0234(9)( )( )

trient Mgmt Strategytrient Mgmt Strategy

TN and 40% TPTN and 40% TPTN and 40% TPTN and 40% TP
TN and 77% TPTN and 77% TP
eve stage 2 NOWeve stage 2 NOW
uding point to nonpointuding point to nonpointuding point to nonpointuding point to nonpoint

g level by 2021g level by 2021
5 yr measures 5 yr measures by 2041by 2041yy yy



Falls Lake Impairme

U
I-85

L L k
NC-50

Lower Lake
“CAC”, ~20%/40%

ent, Reduction Goals
% over 40 

Station ID ug/L

ELL10 84.0%

LC01 21.1%

LLC01 39.0%
Upper Lake
40%/77% NEU010 53.0%

NEU013B 53.0%

NEU0171B 25.0%

NEU018E 16.0%

40%/77%

NEU019C 4.0%

NEU019E 16.0%

NEU019L 12.0%

NEU019P 9.9%

NEU020D 9.9%

NC-98

%



1997 Neuse Rules1997 Neuse Rules1997 Neuse Rules1997 Neuse Rules

 Overall goal Overall goal –– 30% reduct30% reduct
 Goal set without allocationGoal set without allocation
 Point sources:Point sources: Point sources: Point sources: 

–– Total point source TN allocTotal point source TN alloc
–– Budget allocated among eBudget allocated among e
–– Small point sources (permSmall point sources (perm
–– DMRs measure compliancDMRs measure complianc

 NonNon--point sources:point sources:NonNon point sources: point sources: 
–– No allocation or budget byNo allocation or budget by
–– BMPs, buffers, and MS4 prBMPs, buffers, and MS4 pr

Reductions in TN are not mReductions in TN are not m–– Reductions in TN are not mReductions in TN are not m
 Trading allowed between pTrading allowed between p

tion in TNtion in TN loading of the estuary. loading of the estuary. 
ns of TN among nonpoint sources.ns of TN among nonpoint sources.

cation (Neuse Rules): 1,640,000 lbs.cation (Neuse Rules): 1,640,000 lbs.
existing NPDES permit discharges.existing NPDES permit discharges.
mit flows <0.5 mgd) have no TN limits. mit flows <0.5 mgd) have no TN limits. 

e.e.

y source.y source.
rograms in some, but not all locales.rograms in some, but not all locales.
measuredmeasuredmeasured. measured. 
point sourcespoint sources..



The NRCAThe NRCAThe NRCAThe NRCA

 The Neuse River CompThe Neuse River Comp
–– Point Source tradingPoint Source trading

200220022002 2002 
–– Permit NCC000001 iPermit NCC000001 i
–– Group Compliance PGroup Compliance Pp pp p
–– Limits are annual maLimits are annual ma

 Limits in effect on Jan.Limits in effect on Jan.
calendar yearcalendar yearcalendar yearcalendar year

 Limits are revised annuLimits are revised annu

liance Associationliance Association
g organization created in g organization created in 

issued Dec 2002issued Dec 2002
Permit, ltd to TNPermit, ltd to TN,,
ass limitsass limits
 1 are in effect for the full  1 are in effect for the full 

ually, if neededually, if needed



NRCA’s Role Under The NRCA’s Role Under The NRCA s Role Under The NRCA s Role Under The 

 Holder of NPDES permit NCCHolder of NPDES permit NCC
allocation of all 20 membersallocation of all 20 members

 NRCA TN allocation in 2011 NRCA TN allocation in 2011 

 NRCA members can make aNRCA members can make a NRCA members can make aNRCA members can make a
total TN limit allocated in Petotal TN limit allocated in Pe

 Members exempted from coMembers exempted from co Members exempted from coMembers exempted from co
allocation  allocation  ifif NRCA complieNRCA complie

 Permit violations forPermit violations for bothboth thth Permit violations for Permit violations for bothboth thth
exceeding its allocation, if Nexceeding its allocation, if N

 Neuse Rules Neuse Rules Neuse Rules Neuse Rules

C000001 which consolidates TN C000001 which consolidates TN 
s. s. 

= 72% of Point Sources.= 72% of Point Sources.

nnual transfers of TN within thennual transfers of TN within thennual transfers of TN within the nnual transfers of TN within the 
ermit NCC000001. ermit NCC000001. 

ompliance with their individual TNompliance with their individual TNompliance with their individual TN ompliance with their individual TN 
s with its allocation.s with its allocation.

he NRCA and any memberhe NRCA and any memberhe NRCA and any member he NRCA and any member 
NRCA allocation is exceeded. NRCA allocation is exceeded. 



NRCA’s Nitrogen ReductioNRCA’s Nitrogen Reductio

YearYear Estuary TN Estuary TN Average DAverage D
Delivery (Lbs.)Delivery (Lbs.) (gallons(gallons

19951995 1,784,0001,784,000 80,00080,000

20002000 1,055,0001,055,000 83,00083,000

20102010 584 000584 000 102 00102 0020102010 584,000584,000 102,00102,00

** ** TN reduction of approx. 70% with a pTN reduction of approx. 70% with a p
COST TO ACCOMPLISH = $300M.COST TO ACCOMPLISH = $300M.COS O CCO S $300COS O CCO S $300

on Historyon History

Daily FlowDaily Flow Average Estuary Average Estuary Neuse Basin Neuse Basin 
s/day)s/day) TN DeliveryTN Delivery PopulationPopulation

Conc. (mg/L)Conc. (mg/L)

0,0000,000 7.37.3 ~ 1,100,000~ 1,100,000

0,0000,000 4.24.2 1,320,7901,320,790

00 00000 000 1 91 9 1 687 4631 687 46300,00000,000 1.91.9 1,687,4631,687,463

opulation increase > 50%.opulation increase > 50%.



NRCA Nitrogen Tg

 7 Sales of TN and 18 Le7 Sales of TN and 18 Le

 NRCA holds an allocatioNRCA holds an allocatio

NRCA e en es pa foNRCA e en es pa fo NRCA revenues pay forNRCA revenues pay for

 Progress Energy/DukeProgress Energy/Duke Progress Energy/Duke Progress Energy/Duke 
by NOx reduction.by NOx reduction.

Trades

eases of TN.eases of TN.

on and leases it.on and leases it.

monito ingmonito ingr monitoring.r monitoring.

used lease for TN producedused lease for TN producedused lease for TN produced used lease for TN produced 
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Watershed TN Pattern

Falls L

Clayton
-30%

Clayton

-12%

Streets Ferry Bridge

%

+55%

Trent River
55%

 – Compared to 1991-95

ake

-23% Kinston

Contentnea Creek
+2%

No net change in estuary TN 

(Lebo et. al., 2011)



Research Research Little ProgreLittle ProgreResearch Research ---- Little ProgreLittle Progre

 10 yrs of Neuse Rules =10 yrs of Neuse Rules =
–– No less TN delivered to tNo less TN delivered to t

30% “In stream” TN red30% “In stream” TN red–– 30% “In stream” TN red30% “In stream” TN red
–– 70% reduction by major70% reduction by major
–– 36% increasing to 49% 36% increasing to 49% 

l l dl l dgoal.  Ag tool does not cagoal.  Ag tool does not ca

 CAFOs not in ag budgetCAFOs not in ag budget
–– Growth in poultry CAFOsGrowth in poultry CAFOsGrowth in poultry CAFOsGrowth in poultry CAFOs
–– 6.4M lbs/yr ammonia in 6.4M lbs/yr ammonia in 

 $840k in monitoring/re$840k in monitoring/re
 Legacy Nitrogen?Legacy Nitrogen?

ess on Goaless on Goaless on Goaless on Goal

= = 
the estuary.the estuary.
uction from urbanized areauction from urbanized areauction from urbanized area. uction from urbanized area. 

r point sources.r point sources.
reduction (2010) by ag reduction (2010) by ag vs 30% vs 30% 

iiapture CAFO impacts.apture CAFO impacts.

t. t. 
s. 2s. 2--3M lbs/yr additional N.3M lbs/yr additional N.s. 2s. 2 3M lbs/yr additional N.3M lbs/yr additional N.
basin.basin.

esearch by LNBA/NRCAesearch by LNBA/NRCA



“Aquifer hydraulics, and 
of non-point-soof non-point-so

Presented at 2012 N

• Dr. David Genereux, Marine, E
and Water Resources Researc

• N.C. State University 
• and Collaborators: Helena Mitand Collaborators: Helena Mit

(ECU), Niel Plummer (USGS), 
Grad Students: Troy Gilmore, 
Casey Kennedy (PhD 2008 NCCasey Kennedy (PhD 2008, NC
NCSU), Brad Elkins (MS 2007,

Prof. David Gen

the multi-decade legacy 
ource pollution”ource pollution

NC Nutrient Forum

Earth, & Atmospheric Sciences, 
ch Institute 

tasova (NCSU) Reide Corbetttasova (NCSU), Reide Corbett 
Kip Solomon (Univ. of Utah) 
Matt Burnette, Scott Becker, 

CSU) Scott Leahy (MS 2007CSU), Scott Leahy (MS 2007, 
, ECU) Funding: USDA, NSF 

nereux, NC State University, May 2012



Main PMain P

• most of the water in streams an
• at any given time, the groundwa

coastal plain stream ranges in a
decadesdecades

• thus, at any given time, the N co
rivers represent the legacy of p
j Njust present, N use

• practical implication:  persistenc
time scale may be important whtime scale may be important wh
management practices on surfa

PointsPoints

nd rivers comes from groundwater
ater discharging into a typical 
age from a few years to several 

oncentrations in streams and 
ast (up to 50 years or more), not 

ce and patience on a decadal 
hen evaluating the effects of Nhen evaluating the effects of N 
ace water quality

Prof. David Genereux, NC State University, May 2012



N Use, and Initia
W t B C kWest Bear Creek

(Kennedy et al., 2009, Water 

al [NO3
-] vs. Time

k W t h d NCk Watershed, NC

r Resources Research)

Prof. David Genereux, NC State University, May 2012



N Use, and Initia
20 W t h d20 Watersheds

(Puckett et al., 2011, Environmen

al [NO3
-] vs. Time

A th US Across the US

ntal Science & Technology)
Prof. David Genereux, NC State University, May 2012



Falls Lake TradingFalls Lake TradingFalls Lake TradingFalls Lake Trading

 Full trading authorized Full trading authorized 
 Point source allocationsPoint source allocations
 Only BMP stormwater cOnly BMP stormwater c
 Nutrient SAB/EMC to seNutrient SAB/EMC to se

Ne de elopment needNe de elopment need New development needNew development need
–– Local ordinances impLocal ordinances imp
–– Double BMPs not enoDouble BMPs not enoDouble BMPs not enoDouble BMPs not eno
–– Buy credits from banBuy credits from ban
–– One small bankOne small bank

g Contextg Contextg Contextg Context

per EMC approval of creditsper EMC approval of credits
s s ≠NPDES permit flows≠NPDES permit flows
credits availablecredits available
et credit valueset credit values
ds t ading NOWds t ading NOWds trading NOWds trading NOW
plemented 7/1/12plemented 7/1/12
oughoughoughough
nk to meet reductionsnk to meet reductions



Falls Lake TradingFalls Lake TradingFalls Lake TradingFalls Lake Trading

 Existing DevelopmeExisting Developme
–– Local inventory due Local inventory due 

DWQ d l diDWQ d l di–– DWQ model ordinancDWQ model ordinanc
–– Local program effectLocal program effect
–– Restore to 2006 loadRestore to 2006 loadRestore to 2006 loadRestore to 2006 load

 Discharging septic sDischarging septic s
–– 7% of TN load7% of TN load
–– Authorized by GenerAuthorized by Gener
–– No credit values set No credit values set 

g (cont’d)g (cont’d)g (cont d)g (cont d)

entent
1/15/131/15/13

d 7/15/13d 7/15/13ce due 7/15/13ce due 7/15/13
tive 1/15/14tive 1/15/14
ding by 1/15/21ding by 1/15/21ding by 1/15/21ding by 1/15/21
systemssystems

ral Permit ral Permit 
or imminentor imminent



2006 Estimated Total Nitrogen
Calibrated Su2006 Estimated Total Nitr
From The Five U

90%

100%
From The Five U

60%

70%

80%
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50%

60%
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13%

Agriculture
29%

Forest
21%

20%

30%

40%

13%
Shrub/Grass

3%

0%

10%

n Delivered Load (kg/d) from 
bwatershedsrogen Delivered Load (kg/d) 

Upper Watersheds

Sources that Contribute 
Less than 1%:

Upper Watersheds

Wetlands
Sand Filters
SSOs
Air Deposition

Septic
d

Point Sources
22%

Septic
7%NCDOT

1%

Other NPS
3%

Total = 1018 kg/day



2006 Estimated Total Phosphor
Calibrated Su

2006 Estimated Total Phosp
From The Five U

90%

100%

From The Five U

70%

80%

Agriculture
46%
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60%
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40%

Forest
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Developed
5%

Oth

0%

10%

20%

rus Delivered Load (kg/d) from 
bwatersheds
phorus Delivered Load (kg/d) 
Upper Watersheds

Sources that Contribute 
Less than 1%:
Shrub/grass

Upper Watersheds

Shrub/grass
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Wetlands
SSOs

P i t SPoint Sources
30%

er NPS
4% Sand Filters

1%

Septic
7%

Total = 95 kg/day



Low HangingLow HangingLow HangingLow Hanging

 Stage 2 Stage 2 == Upper FalUpper Fal
lb/ac/yr TN and 0.3lb/ac/yr TN and 0.3

 Stage 1 only time trStage 1 only time tr
 Heavy concentrationHeavy concentration

due to Triassic Basindue to Triassic Basin
 2 BMPs 2 BMPs ≠complianc≠complianc
 Discharging septic tDischarging septic t

a/k/a prickly pears a/k/a prickly pears 

 Fruit Fruit Fruit Fruit

lls Lake watershed at 2.2 lls Lake watershed at 2.2 
33 lb/ac/yr TP33 lb/ac/yr TP
rading equals cheaper rading equals cheaper 
n of discharging septics n of discharging septics 
n soils and old permitsn soils and old permits

ce by New Developmentce by New Development
tanks =low hanging fruit tanks =low hanging fruit 
and green persimmonsand green persimmons



Nutrient SAB Nutrient SAB SLSLNutrient SAB Nutrient SAB –– SLSL

 Vets proposed tradiVets proposed tradi
 Created for Jordan LCreated for Jordan L
 Expanded to all nutrExpanded to all nutr
 2 scientists, 2 locals2 scientists, 2 localssc e t sts, oca ssc e t sts, oca s
 Proposes credits to Proposes credits to 
 Spent 1Spent 1stst year on RFyear on RF Spent 1Spent 1 year on RFyear on RF
 Jordan years behindJordan years behind

L 2009L 2009 216216L 2009L 2009--216216

ng creditsng credits
Lake TMDL onlyLake TMDL onlyyy
rient credit reviewrient credit review
s, 1 DOT, 1 enviros, 1 DOT, 1 enviros, O , e os, O , e o
EMCEMC

FP for Jordan relookFP for Jordan relookFP for Jordan relookFP for Jordan relook
d Falls in trading needd Falls in trading need



Lessons from the TaleLessons from the Tale
ProgramsPrograms

 KISSKISS, too many hurdles, too many hurdles
 Skin in the GameSkin in the Game (TMD(TMD

Seat at the Big TableSeat at the Big Table Seat at the Big TableSeat at the Big Table ––
 More is BetterMore is Better –– excessexcess

essentialessential
 Murphy’s LawMurphy’s Law–– e.g. do e.g. do 

allocation in the TMDL allocation in the TMDL 
 Whose on 1Whose on 1stst?? -- whosewhose Whose on 1Whose on 1 ?? whosewhose

trades/improvements gtrades/improvements g
uncontrolled sources?  uncontrolled sources?  

e of Two Trading e of Two Trading 

s = failure or at least delays = failure or at least delay
DL)  DL)  -- monitor and researchmonitor and research

active basin/NPDES assnactive basin/NPDES assnactive basin/NPDES assn.active basin/NPDES assn.
s sources vs reduction goal s sources vs reduction goal 

legacy nutrients have an legacy nutrients have an 
budget?budget?

e ox is gored when youre ox is gored when youre ox is gored when your e ox is gored when your 
get used up by new get used up by new 
CAFOs and legacy TNCAFOs and legacy TN


