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Elevated nitrogen (N) concentrations in groundwatay cause adverse effects to
adjacent surface water bodies. In North Caroliadf, ¢f the residences use on-site wastewater
treatment systems (OWTS), yet they are typicaltyragulated beyond the permitting process.
The overall goal of this study was to determin@WTS affect groundwater N loading and
surface water N export at the watershed scale tBighwatersheds were monitored monthly for
physical and chemical parameters in Greenville, Rilur watersheds used OWTS and four
watersheds used a centralized sewer system (C&Sjdhsported wastewater from these
watersheds and discharged the treated wastewdte Tar River. To evaluate the effects of
wastewater management on groundwater quality, ghoater was monitored at 10 residential
sites, five in an OWTS watershed and five in a @@&&rshed. Groundwater samples were
collected quarterly for a year (August 2011 to Asig012) and analyzed for dissolved N
species (ammonium, nitrate + nitrite, and dissolveghnic N) and chloride. Surface water
samples were collected monthly and analyzed fos#imee physical and chemical parameters,
including turbidity and particulate N. Groundwaserd surface water samples were collected and
sent to the Stable Isotope Facility at UC Davis3foN and§*®0 of nitrate analysis.
Groundwater TDN concentrations and loads at OWT&S svere significantly greater than at

CSS sites, with mean TDN concentrations in OWTQugdovater up to two times greater and



loads up to five times greater than CSS TDN comaéinohs and loads. Groundwater and surface
water stable isotope§N and*®0 in nitrate, suggested that N sources in OWTS nshéels were
wastewater derived, while CSS sources were fegtilierived. Mean total nitrogen (TN)
concentrations in surface water at OWTS watershels approximately two times greater than
for CSS watersheds during baseflow and storm ciomdit Streams draining OWTS watersheds
exported significantly greater TN masses than C&temsheds. Assuming average measured
OWTS loads to the soil were representative of eastidence in OWTS watersheds, on average
OWTS watersheds were found to attenuate 81% (+ BAWWTS TN loads to the soil prior to
TN export from the watershed. The results from shigly illustrate a need for inclusion among
nutrient management strategies by North Carolingaienent Environment and Natural

Resources and other state, federal, and interrsdtagencies.
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PREFACE

This thesis is composed of 5 chapters that focusntroduction, Methodologies,
Groundwater Analysis, Surface Water Analysis, arah&yjement Implications. Chapters 1 and 2
are comprehensive chapters to discuss backgrofmanation pertinent to this study
(Introduction) and the necessary tools and pro@siiar meet study objectives and goals
(Methodologies). Chapters 3 and 4 are designee todnuscripts for publication. Therefore,
there is redundancy within the introductory andhodblogy information between Chapters 3
and 4 and Chapters 1 and 2. Chapter 5 synthesaza$rdm Chapters 3 and 4 and provides
suggestions for how these data may help waterslagdgers and regulators to deal with

nitrogen loading in nutrient-sensitive watersheds.



CHAPTER 1: INTRODUCTION

Excess nitrogen (N) concentrations pose a sigmficisk to both surface water and
groundwater. Human activities have doubled the arhofiavailable reactive N on a global scale
(Jordan and Weller, 1996; Vitousekal., 1997; Asneet al., 1997). Over the last two centuries,
anthropogenic activities have increased globalrnd, iaputs have accelerated since the 1950s
(UNEP, 2005). Elevated N concentrations may adWeeféect human health and/or aquatic
habitats.

Water containing nitrate-N above the maximum contant level for drinking water of
10 mg/L (US EPA, 2002) may cause adverse healdttstto infants and expectant mothers
(Baird, 1997). In addition, total nitrogen (TN) ammtrations of as low as 1 mg/L can promote
eutrophication in surface water bodies (Osmetral., 2003). In a recent study, Dodds et al.
(2009) found elevated nutrient concentrations %3 streams in 12 of 14 ecoregions in the US
and estimated annual costs of eutrophication ofreShwaters at approximately 2.2 billion
dollars annually. Intensive agriculture, fossillfaembustion, extensive cultivation of
leguminous crops, and wastewater discharge care cagisificant additional concentrations of N
in terrestrial and aquatic ecosystems (Smil, 200h}site wastewater treatment systems

(OWTS) are a potential source of nutrient dischatgegroundwater and surface water.

On-Site Wastewater Treatment Systems

OWTS collect, treat, and release wastewater teulbsurface. In the United States,
OWTS serve 26 million homes, businesses, and reenaafacilities (US EPA, 2002). Domestic
wastewaters contain elevated concentrations ofaiging from 26-75 mg/L (US EPA, 2002),

although wastewater may contain TN values >75 nf@/ERF, 2007). These wastewaters are



potential sources of nutrients to surface watergmdndwater systems. For example, in the
northeastern US, Driscadt al. (2003) found wastewater effluent can contribu&3o 81% of
N loadings to estuaries.

There are many types of OWTS technology in usecbaventional OWTS are most
common. Conventional OWTS typically utilize two ifies of wastewater treatment: primary and
secondary. Primary treatment occurs in the tankevtieee layers of different densities develop:
scum, liquid, and sludge layers (NC DHHS, 2007im&ry treatment facilitates the stratification
of waste to develop a prominent liquid effluentdagnd drives the conversion of organic N to
ammonium (NH"). The scum layer consists of fats, oils, and gredisat accumulate above the
liquid layer. The sludge layer consists of the easolids that settle from the liquid effluent.
The liquid layer is the liquid wastewater that me#erough the tank and enters the drainfield.
Secondary treatment occurs during the percolatiavestewater into the subsurface. Aerobic
conditions in the soil beneath the drainfield tiees helps facilitate oxidation of ammonium and
die off of anaerobic pathogens in wastewater efiiuieleally, wastewater encounters an
anaerobic, carbon-rich environment before discimgrgp groundwater, thus, facilitating TN
reductions through the nitrification-denitrificatigprocesses (Fig. 1). If primary and secondary
treatments are not enough to reduce TN concentsatidequately, tertiary treatment may be

implemented (NC DHHS, 2007).
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Figure 1. Nitrogen cycling from OWTS to surrounding soil gfe. This scenario is comman the North Carolin:
Coastal PlainStudied sites are underlain by unconsolidated senlisnwith a lower permeability ur(aquiclude)
beneath whiclfacilitates lateral flow to adjacent surface watldeally, wastewater migrates from tank
subsurface layers to facilitate nitrificat-denitrification reactions, thereby attenuating TBdhcentration:
(Modified from Cardona, 2006).

North Carolina has one of the largest rural,-farm per capita populations in t
country (Hooveet al., 1998).People residing in rural areas predominantly rel\OWTS as
means of wastewater treatmefpproximately 50% of North Carolina residents us&T5 as
their primary source of wastewater treatment (Paaet al., 2007). Pradhae al. (2007)
conducted a study to estimate the amoulN loading to major North Carolina river bas
caused by OWTSThe Neuse and Cape Fear River Basins had some bfghest densities
OWTS in the statelThe Cape Fear River Basin had the largest N loadiigwed by the Neus
Basin (a portion of the current study area resideiis basin. The White Oak Basinad the
greatest OWTS density in the s (15 OWTS/kn). The TarPamlico River Basin (a portion

the current study area resides in this basin) Hadr®WTS density, but had th{® highest



estimated OWTS N load in NC (Pradhatral., 2007). This study estimated OWTS N loads to
watersheds assuming no treatment occurred, whahdas an estimate for the maximum
possible N load to watersheds from OWTS use. Tlag not be the case in many settings, where
denitrification or biological uptake may reduceddls prior to surface water discharge. More
information is needed on OWTS N loss/attenuatiosoils and surficial aquifers to help better

guantify the OWTS N inputs to surface waters.

Water Quality Problems from Excess Nitrogen

In North Carolina, water quality degradation hasitdocumented due to high
concentrations of nutrients from point and non-pswurces of pollution (Feat al., 2004; NC
DENR, 2010). North Carolina Department of Enviromtngnd Natural Resources (NC DENR)
devised Nutrient Sensitive Waters Management Sfiegdor the Neuse and Tar-Pamlico River
Basins, first in place in 1994, (15A NCAC 2B .028240; 15A NCAC 2B .0255-.0259 and 15A
NCAC 2B .0263-.0272) to reduce fish kills, nutrigmtlution (Reay, 2004), and eutrophication
(NC DENR, 2009; 2010; Humphrey, 2010). Further arption of the aforementioned rules is
available at NC OAH (2013). The strategies requingglementation of agricultural best
management practices and nutrient managementrigdior fertilizer use, caps on nutrient
discharges from centralized sewer system (CSS)eagtheered stormwater runoff controls for
new developments (NC DENR, 2009; 2010). Howevetlucgon of nutrient contributions to
surface waters by OWTS was not among the stratefiiescurrent study was designed to help
determine if OWTS in the Neuse and Tar-Pamlico vsads contribute N loads that affect
surface water quality at the watershed-scale. ifiiesmation can help decision-makers

determine if OWTS warrant inclusion in nutrient-sgire watershed planning efforts.



Nitrogen Cycling by On-site Wastewater Systems (OWTYS)
The anaerobic decomposition of organic matterastewater occurs within the septic

tank (Wilhelmet al., 1994b). Septic wastewater is dominated by Nad organic N (NC
DENR, 2003), and may contain low concentrationslOg” (Wilhelm et al., 1994a). After
discharge from the tank, the effluent migratesh®drainfield. As the effluent migrates through
the drainfield and into the subsurface, aerobidation of organic carbon to carbon dioxide and
oxidation of NH" to NO;” occurs in the unsaturated zone beneath the demintfenches
(nitrification) (Fig. 1). The oxidation of NH requires nitrifying bacteria, oxygen, and produces
NOs and increases acidity (Wilhelahal., 1996; Pradhaa al., 2007). Aquifers with high
permeability can contain concentrated plumes o MOm sources such as OWTS (Wilhedén
al., 1996), which may travel long distances (up t0 @) throughout the subsurface (Robertson
et al., 1991). The reduction of NOrequires organic carbon, denitrifying bacterisaenobic
environment, and presence of NQVilhelm et al., 1996). In subsurface environments where
nitrification and denitrification do not occur, Kanhsport to local waterways may become
significant.

Wastewater N© plumes have been documented to receive limitedtoamations and
dilution in aerobic, unconfined sand aquifers (Rtdmnet al., 1991; Harmaret al., 1996;
Ptacek, 1998) and in limestone aquifers (Keene§61Billon et al., 1999). However, N©
plumes may potentially exhibit rapid reductionsro&leout 3 m, if denitrification hotspots exist
along the plume flowpath (Groffmaal., 2009). In areas where wastewater converges with
carbon-enriched media, Robertsaral. (1991) observed large decreases in dissolved N
concentrations along shorelines with carbon-endaweposits. Additionally, organic carbon and

pyrite-rich aquifers may exhibit NOremoval in anaerobic plumes (Pedersoal., 1991;



Korom, 1992; Postmet al., 1992; Robertson and Cherry, 1992; Aravena arteRson, 1998).
Furthermore, riparian wetlands, lakes and resesyamd headwater streams may act ag NO
sinks (Kellogget al., 2010).

NH," is another N species that can persist in the lafyaeration and surficial aquifer
depending on site conditions. Typically in sandrobic sediments, NA transforms
(nitrification) almost entirely to N® (Robertsoret al., 1991; Harmaet al., 1996; Ptacek,
1998). However, if the trench bottom resides witthi@ water table throughout the year or
separation distances are inadequate; Nty not adequately nitrify (Cogger and Carlile849
Cardona, 2006; Humphrey al., 2010; Humphreyt al., 2012). While some NH may adsorb to
soil, once the cation exchange capacity of theissgached, Nidcan migrate through the
shallow aquifer towards nearby surface waters (€atlal., 1981; Corbett, 2002; Humphrely
al., 2012). NH" is a plant available form of N and can contribatettrophication in surface

waters.

Nitrogen Cycling by Centralized Sewer Systems (CSS)

CSS utilize a multitude of differing treatment pesses. However, the following
explanation relates specifically to the Greenwlldities Corporation wastewater treatment plant
(GUC WWTP) (Tar River-Greenville, NC) and thosengssimilar technologies. The GUC
WWTP utilizes a 3-stage process: primary, secondary tertiary treatment. During primary
treatment, wastewater passes through filtratioeests to remove foreign objects. The filtered
wastewater moves to an aeration tank, where misrghmv and nitrify wastewater. The aeration
tanks are shut off to create an anaerobic cond#r@hthrough use of biological N removal the

NOs-rich effluent denitrifies. Wastewater migratesateecondary clarification tank where



microbes and solid wastes form particles and setileSome residue can be reused in the
aeration tank by remixing with oxygeas. After the solids settle, wastewater percoldesigh

a deep-bed sand filter. Harmful microbes are kid&dhrough ultraviolet disinfection,
chlorination, and deep-bed sand filters. In theentrstudy, the treated water is discharged to the

Tar River via a drainage canal (GUC, 2012).

Anaer obic Ammonium Oxidation

Anaerobic ammonium oxidation (anammox) is anoffzeential treatment process. This
occurs when N oxidizes to N gas in the presence of carbon dioxide and low eryg
conditions (Jettert al., 2009). Anammox has been primarily researchedarine and
freshwater (lakes) systems. Anammox in soil ecesgsthas not yet been thoroughly
investigated (Jetteet al., 2009). Despite this, Pentenal., (2006) showed that anammox
sequences could be retrieved from several soil Esngmd Clarlet al. (2008) showed the same

for groundwater.

Influence of Centralized Sewer Systems on Water Resour ces

In a review of WWTP treatment performance, theBF3\ found that TN in discharge
from CSS systems can range from approximately-8.13.6 mg/L based on the treatment
technology (US EPA, 2008). Based on sampling froard! 2012 — August 2012, the GUC
WWTP had slightly higher mean N concentrations3%2..08 mg/L; n=6) than other WWTP in
North Carolina. The annual average for Johnstom@oINC CSS using similar technologies as
GUC WWTP was 2.14 (£ 0.36 mg/L), while a North GawyC WWTP found an annual average

of 3.67 (+ 0.51 mg/L) (US EPA, 2008).



Influence of On-site Wastewater Treatment Systems on Water Resour ces

OWTS pose a potential risk for NEN pollution to shallow groundwater (Table 1).
Previous studies (Table 1) have shown that OWTSoatribute N concentrations and loads
significant enough to promote eutrophication inface water. The risk increases in areas of high
population density (Hallberg, 1989; Gaddal., 1990; Boucharet al., 1992; Hantzche and
Finnemore, 1992; County of Butte, 1998; Gold ands5i2000; Rich, 2005) because higher
population density leads to increased OWTS dentitis more N inputs to nearby surface
waters from OWTS use. Conventional OWTS absormi@tems are not primarily designed to
treat N, therefore they can potentially cause INgbadings to nearby surface waters due to low
(between 10-20%) N reductions (Keeney, 1986; SSegnd Jenssen, 1989; Lastlal., 1990).
Newer technologies have since been developed bggrast 20 years to improve N treatment
(Whitmyeret al., 1991; Brooks, 1996; CRWQCB, 1997; Ayres Ass@safil998; County of
Butte, 1998; Rich, 2005; Scholes, 2006), such esbaetreatment units, media filters,
sequencing batch reactors, drip dispersal, lowspmesdistribution, media filters used as a
drainfield, pumps, timers, or controls (URI, 2008hwever, OWTS with advanced technologies
have greater initial start-up costs and increasedh@ad when compared to conventional
OWTS. Some of these technologies require operatatfr monitoring to be paid by users of
the advanced OWTS.

As shown in Table 1, wastewater inputs have beewsho impact N loading to
groundwater and surface water in a variety of sgétiacross the United States, especially
OWTS. Attenuation of N in surficial aquifers is ¢oilled by a variety of factors, including
cation exchange capacity, denitrification potenfidnt uptake, presence of riparian buffers,

anammox, and perhaps others. Therefore, it isleat @ OWTS N is always translated to



surface waters and how much OWTS contributes tenshéd N-exports in the nutrient-sensitive
watersheds of the North Carolina Coastal Plainhig study, the goal was to quantify
groundwater OWTS N loading and determine if this Mansported to Coastal Plain streams,
thereby affecting N exports from these watersheds.
Study Objectives

The goal of this study was to determine if OWT Sefffgroundwater and surface water
nutrient loading at the watershed-scale in nutrsemisitive watersheds of the North Carolina
Coastal Plain. The objectives of the groundwatgdystvere to (1) determine if significant
differences existed between groundwater TDN comagahs and loads at the residential yard
scale in OWTS and CSS watersheds and (2) compané treatment efficiencies of OWTS
versus CSS. The study objectives of the surfacenvetiidy were to determine if (1) TN
concentrations in surface water and (2) watersie@xports were affected by wastewater
management approaches at the watershed scalehiBv@these objectives a variety of field
hydrogeological, geochemical, and data analyshsigaes were used that will be documented

in the following chapter.



Table 1. Wastewater influences to water resources in diftephysiographic settings using OWTS and CSS tdobies.

Sour ce

Findings

Physiographic Setting

Wanget al. (2013)

NO; loads to surface waters were estimated usi
ArcNLET (ArcGIS-based model). NOloads were
approximately 1.4 and 8.6 kg/day.

ng

Southeastern @@bBkain (USA)

Oakleyet al. (2010)

Single pass sand filter with denitrification bed of
solid carbon may match advanced CSS N efflug
and use less energy than other OWTS.

Multiple regions (Southern Florida Coastal Plain,
Bastern Cascades Slopes and Foothills (USA), an
New Zealand)

Kroegeret al. (2006)

CSS load between 295 and 10,729 kg-N/yr to

nearby coastal water, despite significant subsarfac

TN attenuation.

Atlantic Coastal Pine Barrens (JSA

Fagergreret al. (2004)

Hypoxic problems of Hood Canal, WA resulted
from OWTS inputs of N.

Puget Lowland (USA)

Castroet al. (2003)

Nearly half of TN inputs in developing watersheds

originated from OWTS sources. Also,
developed/urbanized watersheds had the lowes|
retention.

Nﬁntic and Gulf Coasts (USA)

Mooreet al. (2003)

OWTS and CSS contributed significant
concentrations and loads of nutrients to nearby
lakes. However, at the urban-rural fringe, high
eutrophication at the urban-rural fringe was mor
likely related to OWTS discharges than CSS.

Lakes in the Seattle region of Washington —
g’acific Province (USA)

Rayet al. (2000)

N from OWTS contributed to eutrophication of
New Zealand Lakes, up to 25% of TN input to Ig
may be from OWTS discharges.

New Zealand

Rickeret al. (1994)

55-60% of N-load to San Lorenzo River, CA
originated from OWTS in summer months as
baseflow discharge.

West of Central California Valley (USA)

Horsley Witten Hegeman (1991)

N inputs from OWTS contributed to nuisance al
growth and diminished eelgrass beds.

ﬁlantic Coastal Pine Barrens (USA)

Robertsoret al. (1991)

NO; plumes (>10 mg/L) persisted up to 25-35m
before declining below 10 mg/L.

Ontario, Canada

Valiela and Costa (1988)

Nearly half of TN inputs in developing watershe
originated from OWTS sources.

ktlantic Coastal Pines Barrens (USA)

Cogger and Carlile (1984)

Consistently high water tables correlated with hi

NH,", while NO; dominated for lower water tableg

%Porth Carolina Coastal Plain (USA)

8= Study did not collect and compare groundwately arastewater within the tank.
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CHAPTER 2: METHODOLOGY

Site Selection

Eight sub-watersheds located in the Greenville,(NG. 2; Appendix A) area were
selected for physical and chemical water qualiseasment that contained topography and land-
use (Table 2). Soils were also similar betweenwatersheds as evident from soil data from
each groundwater-sampling site (Table 3). Thesenslaéds were analyzed for TN
characteristics based on wastewater treatment agiprdhe major difference across the
watersheds was the wastewater disposal/treatmprdagh. In addition, because lot sizes are
allowed to be smaller in CSS watersheds, thereataadency for CSS watersheds to have
greater impervious area and greater populationityeds unnamed tributary to Hardee Creek,
within the Tar River Basin in the Eastern PinesdReection of Simpson, NC was selected
because it exclusively used OWTS to dispose of ¢éloaisl wastewater. This sub-watershed is
referred to as EP-O (Fig. 2; Fig. 3). In additisites along 2 tributaries to the Tar River, Hardee
Creek and Mill Branch, which used OWTS, were selécThe Hardee Creek site was located in
the Cherry Oaks neighborhood in Greenville andshesis referred to as CHOK hereafter. The
Mill Branch watershed site is south of the conflceof Mill Branch stream and the Tar River
and is referred to as MILL (Appendix A).

The Firetower Watershed, which is a tributary tokFewamp that later drains into the
Neuse River Basin, (FT-O; Fig. 2; Fig. 3) exclugpmaesed the GUC WWTP for wastewater
treatment. FT-O is twice the size of EP-O and Imsuded into FT-1 and FT-2 sub-watersheds.
These sub-watersheds are comparable in size t6RHe watershed (Table 2). In addition,
Meeting House Branch (MHB) and Bell Branch (BELLatersheds were served by CSS and

were selected. MHB and CHOK are the largest wagelslof all the CSS and OWTS



watersheds. Water quality and nutrient loading eaaspared between FT-1, FT-2, MHB (CSS),
and EP-O, CHOK, and MILL (OWTS).

Five residences were selected in both the FT-Cei® watersheds for monitoring
groundwater quantity and quality. Sites 100-500ewecated within the EP-O watershed (Fig. 3;
Table 3). Sites 600-1000 were located within theQ-vatershed (Fig. 3; Table 3). OWTS
permits (5 permits for sites 100-500) were obtaiftech Pitt County Environmental Health
Department and scanned for each site in that ERM@rahed. Permit data that were acquired

included tank size, drainfield area, system inatah date, and design loading rate (Table 4).
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Legend

S  Watershed boundary
CSS stage and sampling point
CSS watershed outlet

OWTS stage and sampling point
OWTS watershed outlet

o000

Figure 2. Surface water watershed delineation maps, eachrahai is labeled by its name and area (in hectakdsljtional watershed information is available
in Appendix A. Basemap was acquired and modifiedhfiGoogle Earth (2013) based on satellite imagpdated on April 6, 2013.
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Legend

(7 Watershed/sub-watershed boundary
& Groundwater sampling location
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Legend

¢y  Watershed boundary
® Groundwater sampling location

B i e T el . “7’ L\\*' j
Figure 3. A) FT-O watershed showing groundwater monitoririgssat each residence (blue circle). B) EP-O whaéershowing groundwater monitoring sites at
each residence (blue circle). Additional informatat these watersheds is available in Appendix A.
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Table 2. Watershed site classification based on area, wasteweatment, topography, land-use, percentageparvious surface in watershed, and number of
samples collected from August 2011 to August 2012.

. Total
Watershed | Watershed | Wastewater #0f OWTSha (total) Stream | Dominant | mpervious No. Of
Name Area(ha) | Treatment Slope Land-class Samples
Surface (%)

FT-1° 199 CSS - 0.0004 Residential 25% 13
FT-2 140 CSS - 0.0003 Residential 34% 13
MHB 268 CSS - 0.0008 Residential 32% 13
BELL 172 CSS - 0.0019 Residential ~30% 13
EP-O 201 OWTS 1.63 (328) 0.0018 Residential 10% 13
EP-7 113 OWTS Structure count unavailable 0.0014 Resiale 13% 13
MILL 200 OWTS 1.95 (389) 0.0033 Residential 12% 13
CHOK 280 OWTS 1.28 (358) 0.0018 Residential 2% 13

%= These streams together represent the FT-O sagriptiation
b= Tributary to EP-O stream

= Estimated from EEG (2012)

= Estimated from Hardisoet al. (2009)
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Table 3. Groundwater site classification based on wateréheation, wastewater treatment, predominant sailg, number of samples. Land use at these sites
was residential. Water table depth was an average four groundwater-sampling events in Septemb&d2November 2011, January 2012, and May 2012.

Site Waters_hed Wastewater Soil Series Soil Texture (Group I, 11, 111, A¥Zrb€ilgeDVe\:36;'Ler No. Of
Name L ocation Treatment or 1V) (m) Samples
100 EP-O OWTS Lynchburg and Goldsboro Sandy claynl¢Group III) 0.89 69
200 EP-O OWTS Goldsboro Sandy clay loam (Group III) 0.80 84
300 EP-O OWTS Ocilla Sandy clay (Group I11) 1.18 59
400 EP-O OWTS Ocilla Sandy clay loam (Group 1lI) 8. 17
500 EP-O OWTS Ocilla Sandy loam (Group 1) 0.91 12
600 FT-O CSss Portsmouth Sandy loam (Group II) 1.67 14
700 FT-O CSSs Portsmouth Sandy loam (Group II) 2.19 12
800 FT-1 CSS Ocilla Sandy loam (Group I1) 2.10 16
900 FT-1 CSS Pantego Sandy clay loam (Group 111) 192. 17
1000 FT-2 CSS Lynchburg Sandy loam (Group II) 3.01 11

Table 4. Physical characteristics of each OWTS per site fooiginal permitting information. Actual loadingtes were calculated based on water use records.
Vertical separation to the water table is betwegttoln of the drainfield trench and the water tdidsed on average water depth at the drainfielahguhie four
groundwater-sampling events. Water use and loaditggwas not attained from site 500 because thewas inaccessible. All tank sizes were similamaen

at OWTS sites at 3785 L (3.79)m

o Approx. Water Design Actu_al Verticql
Site Drainfield System Use Loading Loading Separation
Area () Installation (L/day) Rate2 Rate2 to Water
Date (L/d/m°) (L/d/m°) Table (m)
100 156 1998 656 8.73 4.20 0.00
200 84 1977 515 16.30 6.16 0.21
300 111 1989 383 12.22 3.44 0.48
400 111 1999 905 12.22 8.12 2.22
500 84 1987 N/A 16.30 N/A 0.21
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L ocal Hydrology

The Tar-Pamlico River Basin drains an area of 4@ jaf. The major land-use is forest
and wetlands (54%), followed by cultivated cropl€8&%), open water area (20%), pasture and
other controlled herbaceous area (3%) and urban (@Briscoll et al., 2010). Approximately
80% of the basin resides in the Coastal Plainindjsished by flat topography, blackwater
streams, low-lying swamps, and estuarine arealSufities generally have low gradients and
stream velocities. Vast swamps and bottomland haodworests dominate these tributary
floodplains (NC DENR, 2003). Unconfined surficigjuafers provide the majority of stream
discharge to low-order streams (Winner and Col866).

The Neuse River Basin drains an area of 16,108 kKhe major land-uses are agriculture
(35%) and forestry (34%), with the remainder bairigan areas (5%), wetlands (12%), scrub
(4%), and open-water (10%) (NC DENR, 1993). Thed¢eRiver originates just north of
Durham, NC at the confluence of the Flat and En@Ri It opens up into the Neuse Estuary
outside New Bern, NC and extends 70 km beforengitihe Pamlico Sound (Qian, 2000).
Similar to the Tar River, most of the Neuse Rivasides within the Coastal Plain of North
Carolina. The mean annual precipitation and meateaiperature is analogous to that of the Tar
Basin (at 126 cm of precipitation and 15.1°C maateaperature) (Southeast Regional Climate
Center, 2011). Observed precipitation at the FTR@ BP-O watersheds showed that from
August 2011 — August 2012 there was more precipitgtl45 + 2.12 cm) than the long-term
average of 126 cm.

Generally, stream flow is greatest in March angdst in October. Baseflow separation
estimates found 60% of discharge originates froougdwater and 40% from stormwater runoff

in the Tar Basin (O’Driscolét al., 2010). Monthly baseflow is largest between Deoeinand
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March, suggesting that the greatest groundwatertsngccur during the winter and spring
months. The late summer to early fall months retbedowest baseflow and thereby indicate
little groundwater inputs (O’Driscodt al., 2010). It is also important to note that durihig
period evapotranspiration is elevated due to wateraperatures (Southeast Regional Climate

Center, 2011) and increased plant water uptake.

Regional Geology of Eastern North Carolina

Thick deltaic and marine siliciclastic sedimemntsewithin the Coastal Plain (Horton
and Zullo, 1991). These sediments range from dagravel with inclusions of smaller quantities
of marine limestone (Eocene to Oligocene). Typycdhese siliciclastic beds with limestone
inclusions dip and thicken towards the east andeam age from Holocene to Cretaceous
(Winner and Coble, 1996). These beds terminatetheaapproximately 130 km west of
Greenville, NC (study area) just outside Raleig@3, NThis termination marks the Piedmont-
Inner Coastal Plain interface. Greenville, NC igslemain by a surficial aquifer composed mainly
of Holocene to Pleistocene aged unconsolidated, silhyd and clay sediments. The base of the
unconfined aquifer is typically 3 to 6 m below taad surface. However, it can occur as deep as
15 m (Sumsion, 1970). Based on the locations, sadiicharacteristics and depths of
piezometers, the current study focused on thecsalriquifer where OWTS systems are
typically located in the Greenville, NC area. Thefigial aquifer in the Greenville area is
dominantly by the Yorktown Formation.

The Yorktown Formation, composed of Pliocene fdssous clay with varying amounts
of fine-grained sand is present near the surfacthd Greenville area, the Yorktown Formation

is underlain by the Black Creek, Pee Dee, and Beabbrmations (Winner and Coble, 1996).
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Late Cretaceous lagoonal and marine sediments cgartpe Black Creek Formation. Generally,
these sediments are grey to black muds interbeddbdine-grained tan sands. A confining unit
composed of clay and silty- to sandy-clay overiesBlack Creek aquifer (Winner and Coble,
1996). The Pee Dee aquifer consist of Late Cretec@ne- to medium-grained sand interbedded
with grey to black muds. The Pee Dee confining oaitsists of low permeable clay and silty- to
sandy-clay (Winner and Coble, 1996). The Beaufortfation aquifer consists of Paleocene
fine- to medium-grained dark green (glauconitic)l gney sand and marine clay (Winner and
Coble, 1996). The Beaufort confining unit is typgigalay to sandy clay (Winner and Coble,

1996).

Site Installation

Each stream site was instrumented with a staffjgat each sampling point attached to a
PVC stilling well that was anchored to a nearby toe stream bank. HOBO water level loggers
were housed in the stilling wells and recorded witeels every 30 minutes (August 2011 -
August 2012). The staff gauge showed a snapshbedftream water height on 13 discrete
dates, while the logger data showed a more repia@senscenario throughout the year.
Furthermore, the staff gauge data allowed for datmn of discharge rating curves, which
allowed for the estimation of stream discharge tasethe logger data.

Three sites (100-300) located in EP-O (Fig. 3)eniatensively instrumented for
groundwater monitoring, with 15 piezometers at $@6, 18 piezometers at site 200, and 12
piezometers at site 300 (Appendix B). Piezometétisimvthe drainfield and near-stream area
were installed at varying depths (Fig. 4) to captine full extent of the effluent plume. Based on

the upward flow component of groundwater (Fig.tAgse regions were located in discharge
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areas. The remaining 7 sites located in both F5@M{1000) and EP-O (400 and 500) (Fig. 3)
watersheds were non-intensively instrumented (AdpeB), with approximately 3 piezometers
at each location, for a total of 65 piezometerthatlO sites. Near-stream piezometers at
intensive sites were nested to determine the atrixtent of the OWTS plume. Most
piezometers were installed by boring holes usinglreugers. One piezometer was located
adjacent to a highly incised stream reach and haebp water table (mean depth: 12.7 +£ 0.58
m). In this case, a GeoProbe was used for ingtallaf the piezometer. A GeoProbe is a direct
push machine that pushes a probe rod into the gabsiwand displaces the sediment. During the
boring process, soils were characterized and samyee taken for lab analyses at each site.
Soil samples were analyzed for cation exchangectigpaH (analyzed in 2011 at the North
Carolina Department of Agriculture and Consumewri8es Agronomics Division) and particle
size distribution (analyzed in 2011 at North CaralBtate University Soil Science Department)
using the hydrometer method (Appendix C). Soilsifreites 100, 200, and 400 soils were sandy
clay loam, whereas the soils from sites 300 andvi®@ sandy clays and sandy loams,
respectively (Table 3; Appendix C).

Piezometers were installed in June 2011 and pietasrdepth ranged from 1.04 m to
5.73 m. Piezometers were constructed using 3.18réD8 cm PVC pipe and 0.9 m screen
intervals. After setting the piezometer in the hgriwell pack sand was used to fill the annular
spaces surrounding the piezometer screen to atleh@ipe without inhibiting groundwater
flowpaths. A mixture of well pack sand, naturallspand bentonite was used to anchor the
piezometer and seal the boring. Irrigation boxesewsstalled flush with ground surface around
the top of the piezometer casing. Geographic coatds were collected for each piezometer

using a GPS unit. Piezometers were surveyed udasgga level to determine relative piezometer
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elevation. This was determined using a fixed papyproximately 15.2 meters above mean sea
level at each yard (e.qg., septic tank at OWTS aimdeaor other yard marker at CSS)
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Figure 4. Cross-sectional view of site 100 showing a traneépiezometers 101, 103, 110s, and 108s, whittneis
prominent flow path of groundwater. The red linesate piezometers within the drainfield. The sraadbws
between piezometers show the local groundwater dliogction and vertical flow component. The largew
shows the general flow direction. The numbers l@epidzometers reference the total hydraulic heladive to
mean sea level.

Characteristics of On-site Wastewater Treatment Systems

At each OWTS site, tank volume was 3785 L (3.79 it sites 200 and 500, the
drainfield area was 84 At sites 300 and 400, the drainfield area wasri.1Site 100 had the
largest drainfield area at 156’ @nd had 2 systems (Table 4). One of the OWTS msialled in
the 1970s (site 200), 2 in the late 1980s (sitésa83@ 500), and 2 in the late 1990s (sites 100 and
400). Water use ranged between 383 and 905 L/dayeMdse records were obtained from

Eastern Pines Water Corporation. These water usaefaresent a per day average from

22



September 2011 to May 2012, this daily averagessaked up to the year to represent the
potential wastewater inputs to the drainfield. Aaswg all household water drains through the
drainfield, this average can be used to estimatéoidding to the groundwater system. June 2012
through August 2012 was left out to attempt to oederror associated with potential losses
occurring from irrigation and potential ET losseswarring during summer months. All loading
rates that were measured in OWTS fell under thesighed loading rates. Vertical separation
distances from bottom of the trench and top ofwh&er table were less than 1 m for all sites
excluding site 400, ranging from 0-2.22 m (Tableb8@sed on mean annual water table depth
from 0.60 to 2.76 m.

Sample Collection and Analysis

Stream water was sampled monthly for a year (AUBO%$1 - August 2012). Physical
water quality parameters were collected in thelfalsurface water monitoring locations (Fig.
2). Groundwater sampling events occurred quartkrhing the year of study (September 2011,
November 2011, January 2012, and May 2012). Pietmsseere purged prior to sampling,
using a disposable PVC bailer. Prior to purgingatdéo groundwater was measured using a
Solinst Temperature, Water Level, and Conductivity metdte®purging, groundwater readings
were measured in the field for pH, temperaturecisipeconductivity (1(S/cm), and dissolved
oxygen (mg/L) using &S-556 MultiProbe Meter.

The same physical water quality parameters weresaned in the streams. In addition
turbidity was measured usingHach turbidity meter. Stream width and average deptrewe
measured each month during sampling. A flow mesolfal Water FP101)was initially used to
gauge stream velocity. However, due to drought timms during the summer of 2011 stream

flow was too low for the meter to record velocitherefore, the floating object method (WV
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DEP, 2013) was used instead and for consistensyrbthod was continued throughout the
study after drought conditions subsided. Threéstoéthe floating object method were
conducted and the average velocity from these tle@#ings was used to estimate the stream
velocity. The results from the floating object mmdhwas compared to the results from flow
meters at each of the 6 major watersheds. A caoretdctor was determined and multiplied to
each floating object discharge to correct for oggneates made by the floating object method
(Appendix D). These correction factors were simitaBrookset al. (2003) factor of 0.8 or US
EPA (2012) factor of 0.9 for muddy-bottom streasism(lar to some of streams in this study).
Stream discharge was calculated by multiplying agerstream depth and velocity by stream
width, and reported in L/day for the monthly samglevents. Average stream depth was based
on depth data collected across the stream chahfbl@an intervals. Based on a comparison of
stream velocity measurements between the floataspgcomethod and the flow meter method,
our estimates show that floating object velocityaseements were within 27% of flow meter
velocity measurements (Appendix D).

Sample bottles used for surface water samples mwesed 3 times in stream water and
before samples were collected. Stream flow, enwr@mtal readings, and stream samples were
collected before, during, and after 2 storm evesisg the same methods. One storm occurred in
the dormant season (November) and another in theigg season (May). Groundwater and
septic tank samples were collected in polypropykamaple bottles using a clean, new bailer that
was discarded after each sampling event. Groundwasstewater, and surface water samples
were stored in an iced cooler for transport. Onsén@e date, samples were taken to the Central
Environmental Laboratory at East Carolina Univgr&ir nutrient analysis. Approximately 10%

of samples were replicates and blanks. Over theseaf the study, 64 replicates and 10
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deionized water blanks were collected and submiti@ébe CEL. Results (Appendix E) showed
that replicates were on average within 0.03 (+ @@@L) for TN and within 0.01 (£ 0.37 mg/L)

for CI' and blank samples had a mean of 0.09 (+ 0.03 mighL.and 0.26 (x 0.35 mg/L) Cl.

Laboratory Analysis

Filtering Process

Either ashed 934-AH (1.5 micron) or GF/C (1.2 mmgrfilters were combusted in a
muffle furnace at 50 for 3-4 hours to burn off any organics from thef. If groundwater
filtrate had visibly high silt/clay loads additidrfdtration was performed with 0.45-micron
membrane filters. Approximately 100 mL of samplesviitered. Filtrate was collected in a
flask, and then transferred back to a washed #at [&times with deionized water) field bottle.
Filtered samples were stored in the cold room dgétruntil analysis occurred the next day. If
analysis was not immediate, samples were frozerta@avwded no more than 24 hours prior to
analysis.

Surface water samples were filtered similarly. Apgmately 300 mL of sample was
measured using a graduated cylinder and filtered plackets with filters were stored in a

freezer until PN analysis began.

Nitrate/Nitrite, Ammonium, and Chloride Analyses

Nitrate (NQ) plus nitrite (NQ") (henceforth called N§), ammonium (NH'), and
chloride (Cl) analyses shared similar procedureksthese parameters were analyzed
simultaneously using themartChem 200 (WestCo, 2008). Sample cups were labeled according

to field bottle label. Cups were washed using sarfififate and discarded at least one time.
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Sample cups were filled with a pipette and placed3martChem rack. Each analysis was run
with deionized water blank and 2 or 3 quality cofgr(solution samples with known
concentrations of NQand NH") at the start and end of each rack. Reagentsfas&tDs-

analysis were NECI-EDTA and a color reagent. Reagents for,N&halysis were sodium-

EDTA, sodium phenolate, sodium nitroprusside, arditsn hypochlorite. Sodium nitroprusside
and sodium hypochlorite were made fresh daily. Gidoanalysis used a composite chloride
color reagent that consisted of mercuric thiocyanaethanol, nitric acid, deionized water, ferric

nitrate nonahydrate, and polyoxyethylene lauryéeth

Dissolved Kjeldahl Nitrogen Analysis

Digestion Set-Up

Kjeldahl tubes were baked in a drying oven {For at least 4 hours. Between 8 and
10 boiling chips were added to each tube. A graatlaylinder was rinsed 15 times with
deionized water. Then, 25 mL of filtered sample wesasured and added to a kjeldahl tube.
This process was repeated until all samples wetedadr 35 samples were in the rack. Sample
was used to wash the graduated cylinder betweerngoT he last five spaces were saved for
two water blanks, two quality controls, and onendtad. Water blanks were fresh deionized
water and quality controls and standards weretless a week old (or made fresh). After all
kjeldahl tubes were filled, 10 mL of digestive reag(mixture of cupric sulfate, potassium
sulfate, and sulfuric acid) was added to each tlibe.digestion rack was inspected for cracks,

chips, external liquid, and boiling chips.
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Digestion and Post-Digestion

The rack was placed into the digestion block beftigestion began. Samples were
heated at 21 for 1.8 hours, and then heated at®88for 1.5 hours. The digestion rack was
removed from the block and allowed to cool for hates. Afterwards, 25 mL of deionized
water was added to each kjeldahl tube. The digestick was removed from the fume hood,
placed on the bench top, and all tubes were cappibdubber stoppers. Using\értex Genie,
samples were mixed for approximately 30 seconds teemn allowed to rest for 1 hour. Mixes
were repeated 2 times (3 total) each mix lastilg@pmately 30 seconds and allowing 1-hour
rest between each mix. If a second digestion oeduthe digestion block was allowed to cool to
180°C before beginning the digestion.
SmartChem Analysis

After the final mix, samples remained undisturbegdrnight. Sample cups were labeled
according to kjeldahl tube identification numbesitg a 5 mL automatic pipet, approximately 3
mL of digested sample were used to wash sampleatupast one time. Sample cups were filled
with a pipette and then placed into teartChem rack. This procedure was repeated until all
samples were filled. At the start and end of eadlyais were a deionized water blank, digested
water blank, and 2 quality controls. DKN reagergsdiwere working stock buffer, sodium
salicylate, sodium hypochlorite, and sodium nittgside. The 200 uM-N standard was used to
generate a standard curve to determine DKN micranemncentrations. Sodium hypochlorite

and sodium nitroprusside were made fresh daily.
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Particulate Kjeldahl Nitrogen

Digestion Set-Up

Digestion set-up was synonymous to the DKN setHgavever, filters were torn up and
placed into individual labeled kjeldahl tubes, gatthan pouring up sample. Similar quality
controls were used, but including 2 filter blanksla higher uM spike concentration at 500 uM

N.

Digestion and Post-Digestion

Digestion occurred similarly as well, however gfase 1 digestion only ran for 1.5
hours, rather than 1.8 hours. Mixing times werelded to ensure the filter completely broke
apart.
Particulate Nitrogen Analysis

SmartChem setup was nearly identical to the DKN analysistht start and end of each
analysis were a deionized water blank, digeste@maank, digested filter blank, and 2 quality
controls. The required reagents were the sameed3KIN process, but required a 500 uM N
standard (used as spike) rather than 200 uM N.
| sotopic Analysis

Groundwater isotopic samples were collected froamndield and near-stream
piezometers at intensive sites in November 201 1Manl 2012. Surface water isotopic data
were collected in 8 of the 9 watersheds (excludedlbbecause EP-O sample was collected
downstream) during baseflow, storm, and after-stoomditions (Appendix S). Surface water
and groundwater samples were sent to UC Davistdopic analysis (UC Davis Stable Isotope

Facility). The Stable Isotope Facility at UC Daaizalyzed water samples f&@fN ands*®0 in
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NOs". The facility uses a ThermoFinnigan GasBench PieCon trace gas concentrations
system interfaced to a ThermoScientific Delta VVsRHiotope-ratio mass spectrometer (Bremen,
Germany). More information regarding isotope analysethods can be found in Sigmetral.
(2001), Casciottet al. (2002), and Granger and Sigman (2009).

Stable (non-radioactive) isotopes differ by theimber of neutrons in the atomic
nucleus, thereby affecting the isotopic weight. $#tgl and biological processes affect relative
concentrations of light and heavy isotopes (McQ@uill2004), thereby leading to isotopic
fractionation, which is the relative enrichmentepletion of one stable isotope over another.
For example, when water evaporaf&6), preferentially enters the vapor phrase d¥@rdue to
its lower mass, thus enrichin@D in the residual water (McQuillan, 2004). Two $aisotopes
can be present in the NGnolecule>N (Mariotti, 1986; Mariottiet al., 1988; Smittet al.,

1991; Bohlke and Denver, 1995) afi® (Béttcheret al., 1990). These isotopes have been
shown to be indicators of denitrification in growater (Aravena and Robertson, 1998\ and
130 are enriched during the denitrification proce&eitler, 1975; Bates and Spalding, 1998).
This enrichment occurs because biological organjsmfer*N for respiration and assimilation.
This is becaus¥N bonds are weaker tharN, thus the bonds are generally broken easier §Bate
and Spalding, 1998). Therefora\ enriches in the residual N source (Kreitler, 19 Por

example, when N@is denitrified in the groundwater, mof® is extracted from the source (i.e.
human and animal waste), thereby enricHfihin the residual source relative'ft

(McQuillan, 2004).
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Application of Isotopic Analysis

Generally, when denitrification occurs, enricldétN ands'®0 values are observed
(Bohlke and Denver, 1995) in the remaining{\Bield and laboratory studies indicate an
enrichment ratio 06*20 to8™N close to 1:2 (Olleros, 1983; Amberger and Schyii€i87;
Bottcheret al., 1990; Voerkelius and Schmidt, 1990; Kendall MdaMahon, unpublished data).
Therefore, denitrification creates a discernibteadgic signature a5*°N versus3*®0O plots (i.e.
slopes of roughly 0.5) (Kendall and McDonnell, 1238eaton (1984) found that as little as 20%
of total NOy removal via denitrification could increa8EN values by 8%. of the remaining
NOj relative to original values.

Analyzing&™N alone will not provide conclusive evidence of thsource. In a case
study by Kendall and McDonnell (1998), groundwateN values downgradient from a heavily
fertilized (KNQ;) orchard ranged from +5 to +6%bhey hypothesized that fertilizer upgradient
from the well would cause elevatdtN values. However, the analyzed range (+5 to +3%)
was greater than the expected isotopic signaturieflizer sources (0 £ 2%0). Therefore, the
8N values could be higher due to additional soucé@$Os™ (i.e. leaking OWTS or local
manure sources, both of which range from 0 to +2586:)he enriched values could be due to
denitrification of NQ" within the fertilizer as it travels through thebsurface (Kendall and
McDonnell, 1998). Through analysis &fO values, the answer becomes clear if additional
sources are present or if denitrification occuiftddaton, 1986; Durket al., 1994; Kendall and
McDonnell, 1998). If denitrification occurred, themes*®0 values should range from +2.5 to
+3%o. Additionally, both**N ands*0 values should become enriched as denitrificatimours
and NQ' reduces (Aravena and Robertson, 1998). In theeotistudy, isotopic analysis of NO

was used to determine potential sources of N igtbandwater samples and sources of N in
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surface waters compared between OWTS- and CSSesematersheds and to indicate if

denitrification was important along groundwatemffzaths from OWTS drainfields.

Data Analysisand L oading Calculations

Data were organized into comparison groups and saamnstatistics were used to
distinguish potential trends using Microsoft Exaatl Minitab v16. Mean, median, and standard
deviation for all available water quality paramsetesere calculated for all comparison groups.
Data for groundwater comparison groups were acdurmnm septic tanks, drainfield
piezometers, near-stream nested piezometers, lmacidjpiezometers, residential drainage
ditches/streams, piezometers in CSS-served watisshrd GUC inflow and outflow. There
was one comparison group for surface water datatemeter treatment approach (OWTS or
CSS).

The N-speciation of surface water was reportgoeasent of TN that is dissolved organic
nitrogen (DON), particulate nitrogen (PN), dissahammonium (NH"), and dissolved nitrate
(NOs). DON was estimated by subtracting DKN from NHDissolved groundwater N-
speciation includes the aforementioned, excludiNglPwas assumed that PN remains relatively
immobile within the subsurface.

TN export was calculated by multiplying groundwé&team discharge by
groundwater/stream TN concentration. For surfacdemBN export, to normalize for the
difference between watershed area, TN export wadeatl by watershed area. TN export was
calculated under both baseflow and storm flow comal for streams. Surface water TN export
was reported as kg/yr/ha.

OWTS treatment efficiency was calculated as
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TE = 2ETPNP 5 10096 (Eq 1.)
TDNt

Where TE is treatment efficiency, TR the tank TDN value, and TQM the drainfield/near-
stream piezometer TDN value.

Treatment efficiencies were calculated betweenahk and the groundwater beneath the
drainfield. Additionally, treatment efficiencies mecalculated between the tank and near-stream
groundwater. These were calculated quarterly @WTS sites and at the CSS. At sites 100-
300, treatment efficiencies were calculated betvssgtic tank and drainfield groundwater as
well as between septic tank and near-stream groateWOWTS and CSS treatment efficiencies
were compared to determine if significant differepexisted between OWTS and the GUC
WWTP. Nutrient concentrations in groundwater sammléhin the plumes and near-stream
piezometers were used to show overall impacts offS\t each site. Treatment efficiency
between the tank and the individual piezometer tighhighest TDN was calculated to show the
area within the plume that is most influenced,ghene core.

Groundwater TDN was multiplied by drainfield angan-stream groundwater discharge
to determine TDN loading to groundwater and loadmgtreams. Groundwater TDN loads to
streams were only calculated at sites 100 and Qi 300 did not have nested piezometers, thus
it was not possible to determine the plume depihigusimilar methods as sites 100 and 200.
Therefore, groundwater TDN loads to adjacent serfaaters was not calculated for site 300.
Additionally, TDN load leaving the tank was caldeid by multiplying tank TDN by average
water used per system, then divided by number gpleeper household to determine
kg/yr/person. Load reductions were calculated betwbe tank, drainfield, and near-stream

piezometers. These reductions were calculatedaitailtreatment efficiencies.
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Mixing models were used to estimate the effectilotion on groundwater N. The
percentage of Ctontributed from natural groundwater and OWTS sesiwas estimated by the

following equation.

Clt—Clp

0fs —
GW% = Clt—Clb

* 100% (Eq. 2)

Where GW% = Cl% from natural groundwater, Clt = tank chloridép € drainfield/near-
stream piezometer chloride, Clb = background ctéori

The percentage of Gtontributed from OWTS sources was calculated fyraating the
result from Eq. 2 from 100%. Uk a good tracer because it remains relativelygeorative from
OWTS septic discharges from the tank to nearbyaserivaters (Corey and Fenimore, 1968).
Mixing models were conducted by using the highesamCl data for the intensive sites in the
drainfield and near-stream comparison groups. Basedsual inspection, most water quality
data sets were not normally distributed. Mann-Wéytnon-parametric statistical tests were run
to determine if significant differences existedviietn comparison groups.

Overall, this field study was developed to helpvegrsthe broader management question:
Are N-exports from OWTS influencing surface wataality in the NC Coastal Plain?
Answering this question can help NC regulatorsdtednine if OWTS management should be

included in watershed nutrient management planantregulations.
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CHAPTER 3: EFFECTS OF ON-SITE WASTEWATER TREATMENSYSTEMS ON
GROUNDWATER NITROGEN LOADING IN THE NORTH CAROLINACOASTAL PLAIN

Abstract

Elevated nitrogen (N) concentrations in groundwatay cause adverse effects to adjacent
surface water bodies. In Coastal North Carolinapagament efforts have been focused on
reducing nutrient exports to the Albemarle-Paméstuary system by implementing nutrient-
sensitive management in the Neuse and Tar-Pamiia Basins. Although half of North
Carolina residences use on-site wastewater treatsystems (OWTS) these systems are
typically not regulated beyond the permitting presdn the Tar-Pamlico and Neuse River
Basins OWTS may contribute significant total dissdl nitrogen (TDN) concentrations to
groundwater and adjacent nutrient-sensitive sunfeaters but this potential N input has not yet
been adequately quantified. In this study, grountdmnguantity and quality was monitored at 10
residential sites, 5 using OWTS and 5 using cenmtdisewer system (CSS). Three OWTS sites
were intensively instrumented, with approximatebyplezometers per site. The remaining 7 sites
were instrumented non-intensively with approximatepiezometers per site. Groundwater
samples were collected quarterly for a year (Aug@04tl to August 2012) and analyzed for TDN
constituents (ammonium, nitrate + nitrite, and olésd organic N) and chloride. Groundwater
loadings from OWTS were calculated and comparedngsicsites to determine if there was a
difference in N loading between OWTS and CSS sitB8\ concentration (at OWTS and CSS
groundwater monitoring sites) and load reducti@®/T'S sites only) were calculated.
Treatment efficiencies were compared between OWIES and the Greenville Utilities
Commission wastewater treatment plant (GUC WWTRgrage OWTS groundwater TDN

concentrations in the drainfields were 12.3 + I8diL, significantly elevated above the



background groundwater (3.46 = 2.63 mg/L) and tloeigdwater TDN concentrations of 0.97 +
1.00 mg/L at residential CSS sites. Groundwateddatowngradient from OWTS to adjacent
streams at OWTS sites (0.62 + 0.13 kg/yr) were @gdprately 5 times greater than groundwater
loads to adjacent streams at CSS sites (0.13 H@/i/t). Groundwater TDN concentrations and
loads to adjacent streams were significantly great®WTS watersheds in contrast to
watersheds served by CSS. The results from thiy stuggest that OWTS N inputs should be

considered among nutrient management strategiesifaent-sensitive watersheds.

Introduction

The general approach for wastewater nutrient managestrategies has been to target
point sources of pollution (NC DENR 2009, 2010; R@/Q 2010; 2013; Pradhah al., 2007).
On-site wastewater treatment systems (OWTS) malyibate significant loads of total
dissolved nitrogen (TDN) to nearby groundwater andace water (Pradhahal., 2007), until
recently these loads have rarely been accountad featershed nutrient management strategies
(NC DENR 2009; 2010; Oaklest al., 2010; CBP, 2012).

In North Carolina, about 50% of residences util&TS as a wastewater treatment
approach (Pradhaat al., 2007). OWTS disperse domestic wastewater to thuhiainfield
trenches where soil and microorganisms treat ttheeeft. Septic tank effluent total nitrogen
concentrations typically range between 26-124 mgfd therefore can be a significant source of
nitrogen (N) (US EPA, 2002, WERF 2007). Conversalgny centralized sewer system (CSS)
wastewater treatment plants (WWTP) treat wastevedtesite from the source and discharge the
treated wastewater directly into surface water @adregulatory agencies require CSS to
monitor and report nutrient loads from wastewatsclthrges. Regulatory monitoring after the

initial permitting process is not required for mM@VTS. OWTS require regular maintenance
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(i.e. pumping the tank), although this respongipfialls on the homeowner. Failure to maintain
OWTS may result in system failure and/or reducatopmance, facilitating increased nutrient
discharges to nearby surface water bodies. Mol fesearch that quantifies OWTS
contributions of N to groundwater is needed to me\a scientific basis for N management in
basin-wide planning efforts in the Tar-Pamlico &elise River basins and other nutrient-
sensitive watersheds (NC DENR 2009, 2010; NC DW@02Q013).

Previous studies identified that, given adequapasation distance between the bottom of
drainfield trenches and the water table, ammoniiam{NH;,") effluent from the tank converts to
nitrate (NQ) as it moves through the vadose zone (Cogger anide; 1984; Robertsod al.,
1991; Wilhelmet al., 1996; Pradhasat al., 2007; Oakleyet al., 2010; Humphregt al., 2010).
Cogger and Carlile (1984), and Cardona (2006)itggdture review, showed that the shorter
separation distance between the bottom of thetlirand the water table, the less oxygen
available for nitrification. Therefore, if NFAdoes not readily convert to N@nd if the cation
exchange sites of the local soils are filled, Niday disperse in the groundwater (Cogger and
Carlile, 1984; Cardona, 2006). In the surficial ideuof eastern North Carolina, Humphretyal .
(2010) found that 60 cm of separation distance igexvadequate aeration for hH
transformations to N& Assuming ideal conditions for nitrificatiowastewater N@ plumes
can extend great distances (typically 10-100 mpg@risoret al., 1991; Harmaet al., 1996;
Ptacek, 1998). Sandy aquifers enriched with orgaratter and pyrite-rich deposits may
significantly reduce N@in anaerobic plumes via denitrification (Pedersoa., 1991; Korom,
1992; Postmat al., 1992; Robertson and Cherry, 1992; Aravena arzeRson, 1998).

Most prior studies (e.g., Robertsetral., 1991; Wilhelmet al., 1996; Pradhad al.,

2007; Oakleyet al., 2010) focused on OWTS N treatment have beeopeed at the lab-
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column or lot-scale and do not attempt to quaritifmass loadings to groundwater and nearby
surface water at the watershed scale. Howevemtigaeveral studies have begun to address
this shortcoming (Table 1). Modeling approacheshaasen helpful to approximate watershed-
scale N inputs from OWTS sources (e.g., Pradihah 2007; Oakleyt al., 2010; Harrisoret
al., 2012; Wangt al., 2013). However, these studies may overestinhaétinputs if adequate
N attenuation is not characterized in the vadose zmd along groundwater flow paths.

Several studies have found significant N conceiotnatin and/or N loads from OWTS to
surficial aquifers downgradient from OWTS (Table These studies (Table 1) have shown that
OWTS can influence groundwater N concentrationsclvban also affect surface waters.
Although several studies have modeled N inputs f@MTS to surface water (Pradhetral.,
2007; Harrisoret al., 2012; Wangt al., 2013), to evaluate watershed-scale influenc@WwiTS
on N-inputs to surface water, it is important tmsider N reductions along groundwater
flowpaths. To quantify the effects of wastewatenagement approach on water quality at the
watershed-scale it is necessary to compare wasteteahnologies between OWTS and CSS
treatment methods. Several studies have showmphiat 60% of TN inputs to surface waters
have been linked to OWTS use (Table 1). Furtherpstuelies have shown OWTS use to be
linked with increased eutrophication to surfaceaessa{Table 1). However, these studies do not
show groundwater inputs to surface waters at therslaed scale in the North Carolina Coastal
Plain. Additionally, these studies do not compaW¥ T to CSS treatment efficiencies using
groundwater data downgradient of OWTS (Table 1).

The study objectives were to (1) determine if digant differences existed between
groundwater TDN concentrations and loads at theeasial yard scale in OWTS and CSS

watersheds and (2) compare the N treatment eft@erof OWTS vs. CSS. The research
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hypotheses were: (1) TDN concentrations and loadsdundwater and surface water are greater
in OWTS-served watersheds than in CSS-served vat#gssand (2) CSS TDN treatment
efficiency is greater than OWTS TDN treatment edincy.

This approach can help answer the broader managemestion: Are N-exports from
OWTS impacting surface water quality in the NC GakbBlain? Answering this question can
help regulators and watershed managers to deterfff@& TS N management should be

included in basinwide nutrient management planaimg regulations.

M ethodology

Site Selection and Instrumentation

In the OWTS watersheds, three sites (100, 2003803 located in the Eastern Pines
Road section of Simpson, NC were instrumented ébaittd groundwater monitoring. At site
100, 15 piezometers were installed, 18 piezometesge 200, and 12 piezometers at site 300.
Piezometer depth varied within the drainfield aedmstream to ensure the plume core was
captured (Fig. 4). Intensive sites included neagash piezometers, but sites 100 and 200 were
the only sites with nested near-stream piezometéesremaining 7 sites located in both the
Firetower watershed (FT-O) (CSS sites 600, 700, 800, and 1000) and Eastern Pines
watershed (EP-O) (OWTS sites 400 and 500) watessivede non-intensively instrumented,
with approximately 3 piezometers at each locationa total of 65 piezometers at the 10 sites.
Piezometer installation included hand augeringralibme and driving piezometer drivepoints to
depths below the water table. Well pack sand wad tsfill the borehole adjacent to the

screened interval (0.9m screens) and piezometaes sealed from surface runoff using
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bentonite, natural soils, and well pack sand. Mastometers were installed 1 m or greater
beneath the water table using hand augers (depgie rh04 to 5.73 m).

Groundwater Sampling and Analysis

Groundwater sampling events occurred quarterhafpear. Physical water quality data
were collected with a calibrated handh¥t-556 MultiProbe Meter and groundwater samples
were taken using disposable PVC bailers. Samples amalyzed for Nif, NOs, dissolved
kjeldahl N, and chloride (Qlusing aSmartChem 200 color spectrometer (WestCo, 2008) at the
East Carolina University Central Environmental Littory. Groundwater samples from
November and May were sent to UC Dauvis for isotapialysis 06N ands'?0 of NOs. The
Stable Isotope Facility at UC Davis uses a Thermigan GasBench plus PreCon trace gas
concentrations system interfaced to a ThermoSéieitelta V Plus isotope-ratio mass

spectrometer (Bremen, Germany).

Groundwater Characterization

Groundwater discharge was estimated using Darcvs: L

dh
Q=K*A*a (EQ. 1

Where Q = discharge, K = hydraulic conductivity=Area; dh = change in head; dl = distance
between piezometers.

The hydraulic conductivity approach was estimatadsiug test approach (Bouwer and Rice,
1976). On average, there were 11 slug tests coeddiat intensive sites and 2 for non-intensive
sites. K estimates were based on median due te lengability between all tests and assumed to
represent the K value for the site. K estimatesewempared to K data from the National

Cooperative Soil Survey (1971) and the USDA Pitu@y Soil Survey (1974). K saturated for
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similar soils ranged from 0.10 to 1.22 m/d (NatioGaoperative Soil Survey, 1971; USDA,
1974). These data were calculated using constaat permeameter tests from field collected
soil samples. OWTS and CSS groundwater K satukatkets fell within this range. OWTS site
mean K values were 0.24 (x 0.12) m/d, while CSSakKies were 0.69 (+ 0.51) m/d (Appendix

). The cross-sectional area of the OWTS plume adedsrmined at 2 locations within each of the
intensive OWTS residences. The plume cross-sed¢t@waa was estimated directly adjacent to
the drainfield and in an area next to piezometeswere adjacent to the stream. The drainfield
plume area was determined using OWTS permittingrin&tion and tile drain probing to

identify drainfield width (as an estimate for plunva&lth) and the plume depth was estimated
using piezometer depth and groundwater quality. ddta near-stream plume cross-sectional

area was determined using the water quality anddwjid head data from near-stream

L . h . .
piezometers. Groundwater flow direction and hydcagmadlent%) were determined using the

3-point solution method (Heath, 1983).

Data Analysis

TDN treatment efficiency was calculated for OWT&siand the Greenville Utilities
Corporation (GUC) WWTP. Soil N loading rates weatcalated based on water use records and
tank wastewater TDN concentrations. Groundwatexpbes were calculated at both OWTS
and CSS watersheds by multiplying groundwater @disgghrate by groundwater TDN
concentrations. To help identify sources of N iaugrdwater at each piezometer, isotopic data
(UC Davis, 2013) and mixing models (Genereux anchéted, 1990; Eq. 2) were used. Mixing
models were used to evaluate the effects of dilutio groundwater N concentrations. The

models estimated the €bntributions from background groundwater and waater sources
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(Eq. 2). The highest mean groundwatervzds selected in the drainfield and near-stream

piezometers at each intensive site to represerddieeof the plume.

Cly—Clp

%Clge = 100% *m (Eq 2)
Where BG= background, T= tank, P= selected piezemet

Results

Groundwater Nitrogen Speciation, Concentrationd, lazads

Wastewater and Groundwater Nitrogen Speciation

Wastewater in the tank was predominantly,N&t each OWTS site. Similarly, GUC-
wastewater influent was more than 80% N KFig. 5). NH," was the dominant N-species at the
tank, near-stream groundwater and stream at OWMES. §iQ” and NH" made up a similar
percentage of groundwater TDN at pooled OWTS skiesvever, at sites 100 and 200, NH
was the dominant groundwater TDN species (Appe@dixMean N-speciation was 70.7% (+
35.3%) NQ (Fig. 5) in background groundwater. Similarlysdes 300-500, drainfield
groundwater was predominantly MQOwith a mean of 64.6% (+ 29.6%) (Appendix G).
Dissolved organic nitrogen (DON) represented thamaominant species in groundwater at

CSS sites, with an average of 51.1% (+ 27.6%) &id\ppendix G).

41



BG-OWTS TANK-OWTS DF-OWTS NS-OWTS STR-OWTS

X BN BN BN

GUC-IN GUC-OUT GW-CS5 STR-CSS

-¢@ @ @ @

Figure5. N speciation foeach comparison group. Blue represents,’, red represents NQ andgreen represents DON. BG= background, DF= draihf
NS= nearstream, STR= stream, IN= influent, OUT= effluemdasW= groundwat. Tank and GUQN is raw wastewater, while GL-OUT is treated
wastewater. BG, DF, and NS represent groundwhégémay benfluenced from wastewater use.
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Wastewater and Groundwater Dissolved Nitrogen Concentrations

OWTS wastewater TDN concentrations varied at eaehSite 200 had the highest mean
wastewater TDN concentrations (81.8 =+ 17.8 mg/Lilevsite 400 had the lowest (35.1 £ 5.00
mg/L) (Fig. 6). Site 100 and 200 background grouaignw TDN concentrations were elevated
relative to sites 300-500 (Fig. 6). Site 200 hasldheatest mean background TDN at 6.69 (+
2.03 mg/L), while site 300 had the lowest (0.28220mg/L). Concentrations gradually
decreased from drainfield trenches towards neaastipiezometers. Drainfield TDN
concentrations also varied between each site 28@ieexhibited the greatest mean drainfield
groundwater TDN concentration at 33.0 (= 20.2 mgfi)e 500 recorded the lowest mean

drainfield groundwater TDN concentrations (2.99.413mg/L (Fig. 6).

20 4

L3 #*
@ é

0+ &

1004  Site 100 Site 200 Site 300 Site 400  [Site 500 Pooled
Box plot Legend \
— * Outlier
- |
'E‘, 80 - 75% Mean
E *
E 75% | ™ Median
O 604 “+
o o &
= =
z
o
[}
X
[=]
"
_I.l'l
a]
I
e
o
-

o s a|H

BG T DF BG T DF BG T DF BG T DF BG DF BG T DF
Figure 6. OWTS groundwater TDN concentrations at backgrcamdl drainfield piezometers and tank TDN

concentrations. BG= background; DF= drainfield. Mafhitney tests were conducted between comparismupg
to determine if significant differences exist.
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OWTS mean wastewater TDN concentrawas 56.1 (x 21.8 mg/L)Hg. €). Mean
TDN concentration in background grounder at OWTS yards was 3.46 2463 mg/L), whicl
wassignificantly higher than CSS groundwater mean Té@Ncentrations at 0.9+ 1.00 mg/L)
(Fig. 6).TDN concentrations in background groundwater at ®/¢ife: were more concentrate
and variable, ranging fro.07 to 8.37 mg/. TDN concentrations at CSS groundwater ral
from 0.08 to 2.68 mg/L (Fig. 6lPooled drainfield and neatream OWTS groundwater TC
was also higher than CSS groundwaFig. 6).Mean TDN concentration of the pool
drainfield and neastream groundwater was 8.(x 10.9 mg/L) (Fig. 7)significantlyelevated
(p= 0.00)relative to both OWTS background groundwater an® g&®undwate. The pooled
OWTS drainfield and neatream groundwater were also more variable,ing between 0.1

and 16.4 mg/L with outlierig. 7..
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Near-Stream Groundwater and Stream Dissolved Nitrogen Concentrations

Groundwater TDN concentrations in near-stream pregters were generally higher and
more variable than stream and background TDN cdret&mns (Fig. 8). On average, TDN
concentrations (5.21 + 4.49 mg/L) in near-streaez@meters at intensive OWTS sites were
elevated relative to background (3.46 + 2.63 mg#hd residential streams (2.07 + 1.27 mg/L)
(Fig. 8). Groundwater TDN concentrations in neagai piezometers at sites 100 and 300 were
greater than background TDN concentrations. At% @bnfidence interval, this was
significantly different at site 100 (p= 0.02), mdt at site 300 (p= 0.22). Conversely, TDN
concentrations in near-stream groundwater at ilewere lower than background TDN
concentrations (Fig. 8), but were not significardifferent (p= 0.20). However, sites 100-300,
TDN concentrations in the plume core were elevatéative to background groundwater. At
sites 100 and 200, these differences were signifiga= 0.01 and p= 0.03), while at site 300 this
difference was not significantly different at a 9s#nfidence interval (p= 0.06). TDN
concentrations in residential streams at sitesalf@200 were higher than CSS groundwater, but
were not significantly different at a 95% confidennaterval (p= 0.08). TDN concentrations in
the residential stream at site 300 were higherclvhias significantly different from CSS

groundwater (Fig. 8).
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OWTSvs. CSS Treatment Efficiency

OWTS treatment efficiencies in the plume core wexngable between each intensive
site. The site with the highest treatment efficien@s site 300 (Table 5). However, as
previously mentioned, piezometers were not nedt#usasite, so it is possible that the plume
core was not fully characterized. Mean TDN redutbetween tank and drainfield groundwater
at all sites was 55% (+ 21%). Mean treatment edficy improved significantly between tank
and near-stream groundwater and TDN declined by @8886) (Table 5). The average distance
between drainfield and near-stream piezometernsest 500, 200, and 300 was approximately
17.3 m (range: 16-20 m).

CSS treatment efficiency was measured using méa imfluent and effluent
concentrations at the GUC WWTP. Treatment efficyesicthe GUC WWTP (81% * 3.17%)
was slightly lower than all three intensive OWT&&si(Appendix H). At sites 100 and 200,
treatment efficiencies were similar at 83% (sit@)18nd 85% (site 200). However, treatment
efficiency at site 300 was greater than CSS treateiéiciency by 16% (mean treatment
efficiency: 97%) (Table 5). This study’s estimates2011 were similar to the treatment

efficiency reported by GUC, which was approximatéigo (GUC, 2012).
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Table5. OWTS treatment efficiencies calculated. Drainfidduction is defined as the percentage change df ffm the tank to the groundwater in the
drainfield. Near-stream reduction is defined aspbecentage of TDN reduction from that tank torikar-stream groundwater. Site 500 is not includathbse
the OWTS tank was inaccessible. Site 400 did ne¢ lmanear-stream reduction because there werejacead surface waters.

. Tank Drainfidd | Near-Stream Stream Drainfield | Near-Stream
Site (mg/L) Groundwater | Groundwater (mg/L) Reduction Reduction
(mg/L) (mg/L)
100 63.2 21.5 10.8 1.49 66% 83
200 81.8 55.0 12.3 1.49 33% 85
300 44.3 9.81 1.43 2.84 78% 97
400 35.1 20.3 42%
Average 56.1 26.6 8.16 2347 55% 88%
STDEV 21.8 19.6 5.88 0.96 21% 8%

&= Mean and standard deviation were estimated &weam 100 and 300, since sites 100 and 200 dasame stream.
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Groundwater TDN Loads

Three TDN loading estimates were calculated (FIgOWTS tank (A) is where
wastewater from home is collected and stratificabocurs. Wastewater migrates from A to B
and enters the subsurface here through porous ntedizone represents OWTS TDN loads to
soils. OWTS wastewater eventually percolates tontteer table (C); this zone represents soil
TDN loads to groundwater. After wastewater enteessaturated zone, wastewater and
groundwater mixes and migrates downgradient tovadjdcent surface waters (D); this zone
represents groundwater TDN loads to surface waigr 9).

The OWTS TDN load to soils (Fig. 9) varied betweaich OWTS site based on water
usage, TDN concentration in the tank, and numberxcofipants in the household. Mean OWTS
load to the soil was highest at site 200 at 162709 kg-N/yr. Site 300 showed the lowest mean
soil load per person at 6.15 £ 1.64 kg-N/yr (Appgrg Groundwater TDN loads were not

available for site 500; the OWTS tank was not asibés due to an obstruction in the yard.
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Figure9. Idealized cross-section of OWTS use in a coastahetting showing the TDN loads from different
OWTS components. The OWTS TDN load to soil (A tocaldil soil TDN load to groundwater (B to C) are llase
sites 100-400. The groundwater TDN load to adjasarface waters (C to D) was based on sites 102a8d
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Soil TDN loads to groundwater decreased substhntram the OWTS TDN loads to
soil at each OWTS site (Fig. 10; Appendix I). A6 had the highest mean soil TDN load to
groundwater at 3.49 £ 0.24 kg-N/yr (Fig. 10), whwehs a 79.6% + 1.68% mean TDN load
reduction from soil loadings (Table 6). Site 100s\tae next highest at 1.84 + 0.47 kg-N/yr. This
corresponded to an average 86.7% + 6.45% TDN leddction. Mean soil TDN loading to
groundwater at site 400 (0.38 + 0.25 kg-N/yr) waghdly greater than at sites 300 and 500. Sites
300 and 500 had similar tank TDN loading to theugiabwater at 0.11 + 0.03 and 0.08 + 0.08 kg-
N/yr (Fig. 10). This resulted in a 98.1% + 0.77% &6.7% + 2.20% load reduction at sites 300
and 400 (Table 6). At sites 100 and 200 estimategrbundwater loading to the stream were
calculated. Both sites had similar groundwater TID&ds to the stream. At site 100, mean
groundwater TDN loading to the stream (kg-N/yr) @8 = 0.17 kg/yr and site 200 was 0.66 *
0.17 kg-N/yr (Fig. 10). At site 100, there was adaeduction of 95.8% + 2.23% between TDN
loading to the tank and groundwater TDN loadinghe stream. Site 200 yielded a similar load
reduction at 96.0% + 1.69% (Table 6). Load redurctibsite 300 to the stream was not estimated

because near-stream piezometers were not nested.
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Figure 10. A) Soil loadings from wastewater entering the sutage via drainfield trenches, the TDN load prio
entering groundwater. B) Soil loadings to groundwatfter diffusing through ttzone of aeratic and mixing with
the groundwater. C) Groundwater Icngs to adjacent surface waters (this situation doésccur at all OWT:
sites) compared to CSS groundwater loac. CSS groundwater loads to adjacent surface watenes egdculatec
under the assumption that theesl00 and 200 conditions oc at sites500, 700, 800, 900, and 1000. Th
assumptions are based on the regeram piezometer plume width and di. There is an approxime distance from
nearstream piezometers to adjacent streof 1-2m prior to groundwater upwelling to these streaimssthe
results are conservative estimates.
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Table 6. TDN loading reductions between OWTS tank and graatdr beneath the drainfield (denoted Tank to Dielo) and between tank and near-stream
groundwater (denoted Tank to Near-Stream). Sitehé30no nearby streams. Site 500 load reductions mad calculated because the tank was inaccegsible

sampling.

S Load Reduction (Tank to Load Reduction
te Date S
Drainfield) (Tank to Near-Stream)
Sep-2011 77.0% 92.5%
Nov-2011 89.4% 96.2%
Jan-2012 90.7% 97.3%
100 May-2012 89.6% 97.1%
Average: 86.7% 95.8%
Median: 89.5% 96.6%
STDEV: 6.45% 2.23%
Sep-2011 N/A N/A
Nov-2011 81.6% 97.1%
Jan-2012 79.0% 96.8%
200 May-2012 78.4% 94.0%
Average: 79.6% 96.0%
Median: 79.0% 96.8%
STDEV: 1.68% 1.69%
Sep-2011 98.6% N/A
Nov-2011 97.5% N/A
Jan-2012 98.9% N/A
300 May-2012 97.3% N/A
Average: 98.1% N/A
Median: 98.0% N/A
STDEV: 0.77% N/A
Sep-2011 94.3% N/A
Nov-2011 95.3% N/A
Jan-2012 98.1% N/A
400 May-2012 98.9% N/A
Average: 96.7% N/A
Median: 96.7% N/A
STDEV: 2.20% N/A
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Mechanisms of TDN Reduction

Dilution

Dilution, plant uptake, denitrification, cation é»ange, and anammox are some potential
means of TDN reduction. Denitrification was thegeted method of removal based on OWTS
design. However, due to limited nitrification ans® sites, denitrification rates may also have
been limited. Mixing models show that dilution magnificantly reduce TDN concentrations
(Table 7). Clconcentrations in drainfield piezometers occunmexbtly from wastewater sources.
However, background groundwater contributed morénGlear-stream piezometers. These
patterns suggest that dilution can explain neadBb df TDN concentration reductions between
tanks and some near-stream piezometers (Table 7).

Between tanks and drainfield and near-stream piegens, mixing model estimates
suggested that dilution could have accounted fastr@abTDN concentration reductions at
intensive OWTS sites (Table 7). At site 200, mixmgdel estimates suggested that up to
approximately 90% of TDN reductions may have ocatifrom dilution. At site 100, dilution
could have been the dominant TDN reduction mechabistween tanks and drainfield
piezometers. However, it is likely other attenuatimechanisms (plant uptake, denitrification,
and anammox) also occurred to reduce TDN. Similaite 200, site 100 mixing model
estimates could potentially reduce nearly all tBNTbetween the tank and near-stream

piezometers. These sites are in discharge areastneams, so dilution is expected.
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Table 7. Results from mixing models for the highest meara€tlirainfield and near-stream piezometer in eatdnsive site. The model shows the percentage of
CI" occurring from groundwater and wastewater sourtkis. percentage represents the percent dilutid®i'dfetween drainfield and near-stream piezometers.
DF= drainfield, NS= near-stream, and ED= estimatikdion. TDN from ED is a predicted value basedTdN dilution estimates suggested from the
conservative Clion. If actual TDN falls below this value, it suggls that those declines in TDN are accountedyfanéchanisms other than dilution.

TDN Reduction by Reduction by
Piezometer Mean -(I;?)ﬁléentration estimate '.?.‘g[,l\Jlal Biﬁlnédual dilution mg/l (and other sources mg/l
Dilution from ED % of total (and % of total
(mg/L) (mg/L) (mg/L) | (mg/L) reduction) reduction)
Drainfield
110-s 45.40% 63.2 34.5 23.5 39.7 28.7 (72.3%) 217.0r %)
203 29.50% 81.8 57.7 55 26.8 24.1 (89.9%) 2. 701089
303 44.40% 44.3 24.6 9.81 34.5 19.7 (57.1%) 120%)
Near-stream
108-s 59.60% 63.2 25.5 9.22 53.98 37.7 (69.8%) @F2%)
212-s 58.50% 81.8 33.9 131 68.7 47.9 (69.7%) BN&8%)
310 60.00% 44.3 17.7 1.43 42.87 26.6 (62.0%) 16.3 (38.0%)
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Sources of Groundwater

Isotopic analyses of groundwater 3PN and'®0 of NO; data were used to confirm
sources of N and determine if denitrification wadraportant mechanism of TDN attenuation.
Thes™N data suggest that during both November 2011 aag 2012 the primary source of
NO3-N was manure and septic effluent at OWTS siteg. (EL; Appendix J). No livestock farms
were located near OWTS sites, thus the dominamte@f§*°N and5'®0 in groundwater was
likely from septic effluent alone. One OWTS grourader sample fell within the ammonia
fertilizer at site 200. This occurred at piezome@4 in May 2012. It is possible the homeowner
may have fertilized the lawn prior to sampling,rét®y influencing thé*N and5'®0 signatures
at this piezometer. A vegetable garden is pregesitea200, although piezometer 204 was
upgradient from the garden. At CSS watershed sit#s, show that in November 2011 sources

of NOs-N were likely from fertilizer or soils (Fig. 11;gpendix J).
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Figure 11. OWTS groundwates15N vs.5'%0 signatures in drainfield piezometers and CSSngtauaters™N vs.
30 signatures at all CSS piezometers as comparSilvet al. (2002). The green box shows ammonia fertilizer,
blue box shows soil organic matter, and the reddhmws manure and septic effluent. The dasheddipeesents
where fields may overlap. The black arrow showdlitieethat enrichment d@f**N ands*®0 signatures from
denitrification should follow. The teal lines shale extrapolated source of CSS groundwater, whéeyellow line
shows the same for OWTS groundwater
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Discussion

Hypothesis 1: Groundwater TDN concentrations aadd$ao groundwater and surface water
were greater in OWTS-served watersheds than in €£9&d watersheds

Results from the current study support hypotheswhlch stated that OWTS sites have
significantly greater groundwater TDN concentrasigp= 0.00) and TDN loads (p= 0.00) than
CSS sites.

Groundwater TDN Concentrations

The similarity between TDN concentrations in backgrd and drainfield groundwater at
site 100 and 500 suggested that TDN concentratibackground piezometers might not reflect
actual background TDN concentrations (Fig. 6). Bmoknd piezometers were upgradient of the
studied OWTS drainfield, although some piezomdgpscifically sites 100 and 200) were
downgradient from other OWTS. At site 100, backgipiezometers were installed
downgradient of the original OWTS drainfield, whictay still be releasing wastewater. At site
500, TDN concentrations were similar between bamligd and drainfield piezometers. This
could be indicative of either sufficient treatmémteflect TDN concentrations in background
piezometers or the plume core may have been missetb the insufficient piezometers at this
site.

TDN concentrations in groundwater at OWTS sitesevggnificantly higher than those
at CSS sites. This relationship was expected S0WE'S discharge and treat wastewater effluent
on site, whereas CSS, treat the household wastteofevertheless, these data and
interpretation supported hypothesis 1. TDN coneioins within OWTS tanks fell within the
WERF (2007) expected range of TDN concentrationsvesstewater (Fig. 6). The differences in
TDN concentrations within OWTS tanks between edtehvgere likely due to differing uses and

resident lifestyles (e.qg., full-time workers orysteome parents). Sites 100, 200, and 400
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typically had residents at home throughout the Wdile residents at site 300 were not home as
frequently, and thus the water use was lower. TEDK was predominantly rich in Nfi, which
was in agreement with the literature (Anderson&@ardona, 2006).

At sites 100 and 200, mean separation distancéwi@s(+ 0.15 m), and did not appear
adequate to facilitate significant nitrificationrdsindwater beneath the drainfield and in near-
stream piezometers was mostly Nidch at sites 100 and 200. Cogger and Carlile 4198und
that NH;" prevailed in conditions of consistently high watsrles, while N@ was most
dominant at sites with consistently lower watete¢abAt sites 100, 200, and 500, separation
distance (depth between bottom of trench and wakbde) did not meet the required 30 cm of
vertical separation for group Il — IV soils as reqd by the NC DHHS (2007). Despite this, at
site 500, adequate nitrification appeared to octhis may be attributed to differing resident
lifestyle, which affected how often the OWTS waedisA sites 300 and 400, separation distance
consistently exceeded 30 cm of separation (Tabl&hb inadequate separation distance at sites
100 and 200, explains why these sites were mogtly l groundwater due to limited
nitrification potentials. Conversely, the adequsgparation at sites 300 and 400 explain why
these sites were mostly NO

Generally, the sites with lower nitrification hiajher mean TDN concentrations than
those that significantly nitrified wastewater eéhi. In Carteret County, Humphrelyal. (2010)
found that sites with similar geology and soilo{gw 111 soils) had average DIN concentrations
of 25.8 mg/L (tank), 4.0 mg/L (drainfield), and Gr@/L (background). All OWTS sites, except
500, had higher groundwater DIN concentrations thase found by Humphrey al. (2010).

The current study soils were predominantly groligdils (Table 3). Greater drainfield

concentrations were likely due to increased DINcemtrations in effluent loads from the tank.
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This may be due to differing loads to the tank an@IN reductions within the tank. Increased
DIN at some sites relative to Humphretyal. (2010) was likely due to limited nitrificationirfo
sites 100 and 200, which may adversely affectitneat. However, sites 100 and 200 soils were
predominantly Goldsboro. When comparing sites 10200 DIN concentrations to group Il
Goldsboro series soils from Humphretyal. (2010) a different trend was observed. Site Hi@b
200 DIN concentration in the drainfield (18.5ADD mg/L), which was similar (within a
standard deviation) to the mean group Il soil DIN.( mg/L) from Humphrewgt al. (2010).

At sites 300 and 400, where nitrification appearedcur, findings were consistent with
the literature. According to Anderson (2006), defniation occurs while wastewater percolates
through the saturated layer and N reductions daemdrification can range between 10 and
75% (Sikora and Corey, 1976; Reneau, 1977; Haatlkah, 1979; Jenssen and Siegrist, 1988;
Stewart and Reneau, 1988; Alhajghal., 1989; Siegrist and Jenssen, 1989; Stolt and&ene
1991; Mote and Buchanan, 1994; Dunetal., 1994; Andersost al., 1994; Chen and Harkin,
1998; Anderson, 1998; Anderson and Otis, 2000; B&,2002). Studies that found
denitrification rates of the upper end of the ratygecally utilized more advanced OWTS
technologies rather than conventional OWTS. Theetuirstudy found denitrification rates might
attenuate N@ concentrations up to 40% (Table 7), falling in ieto 75% range of
denitrification. Therefore, at site 300, and peghsite 400, denitrification reduced NO
concentrations significantly. Denitrification walsserved at sites 100 and 200 but rates may
have been hindered due to limited nitrificatiorN#,". This suggests that at sites where
adequate nitrification is observed, denitrificatioay significantly reduce N

Other studies have shown that N@oncentrations consistently match or exceed 1@ mg/

NOs-N directly below conventional OWTS (Star and Saenr1980; Cogger and Carlile, 1984;
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Robertsoret al., 1989; Ayres Associates, 1989; Convestsal., 1991; Converset al., 1994,
McNeillie et al., 1994; Andersost al., 1994). This was the case at the plume coreities 800
and 400. This was expected since adequate nitiditappeared to occur at these sites. If
separation distance was adequate for sites 10Q@mndt is likely that N@ concentrations
would exceed the 10 mg/L directly below the dragltfi Site 500 exceeded the 10 mg/L forNO
-N on one occasion. However, it was possible dithpiezometers at this site reside outside of
the plume core based on groundwater flow data (AgpeB).

Dilution could have accounted for most of TDN camtcation reductions at intensive
sites, ranging between 57.1% and 89.9%. On aveliigeon reduced approximately 73.1% (+
16.4%) of groundwater TDN concentrations at piezenseat OWTS sites (Table 7). Dilution
does not remove TDN masses from the subsurfacemyshce it represents the mixing of
wastewater with elevated N concentrations with gemknd groundwater that has lower N
concentrations, not a mass removal from the sydtéiring models showed less N mass
reduction than other methods (e.g., groundwatet teductions and isotopic data) possibly
because sites 100 and 200 background piezometgrlama been influenced from upgradient
OWTS.

The dominant reason for TDN attenuation varied 6aseOWTS performance at each
site. All sites exhibited TDN concentration redoos greater than those estimated by dilution
alone. Therefore, other factors affected the TDiatation. At sites 100 and 200, denitrification
may have been limited (due to limited nitrificatjomherefore, plant uptake, cation exchange,
and/or anammox could account for the additional Taénuation observed. Drainfield and
near-stream data suggest that cation exchangeigrificantly reduce N concentrations

(Appendix K). Although nitrification was subduedaher sites, N@was elevated at sites 300
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and 400, suggesting that nitrification was not liitleid. Therefore, plant uptake, denitrification,
and dilution (Table 7) were potential attenuationrses for sites 300 and 400. Isotopic analysis
suggested that denitrification occurred within grdwater beneath the drainfield (Fig. 11).
Isotopic analysis can provide insight on sourceN©f in water resources (Kreitler,
1975; Fogeet al., 1998; McQuillan, 2004). Isotopic fractionatioatgerns oB*>N ands*?0 in
NOs can help infer the original NOsource (McQuillan, 2004). Biological organismsfpré’N
for respiration and assimilation due to the ligltleemical bonds, which can more readily break
down than heavier isotopes (i&\) (Bates and Spalding, 1998). Therefdrdl accumulates in
the residual N source and in human and animal wéKieitler, 1975). For example, microbes
utilize the'N from human and animal waste causing denitrifargtivhich leads to an
enrichment of°N, paired with NG concentration declines (Kreitler, 1975). Siatal. (2002)
found thats™>N ands'®0 signatures differed based sources ofNThey found that for manure
and septic efflueri™N signatures ranged from approximately +8%o to +286@5'°0
signatures ranged from approximately -5%o. to 13%il &ganic matte5*°N signatures ranged
from approximately +2.5%o to +9%o, while ammonia ilezers 5°N signatures ranged from -5%o
to +5%o (Fig. 11). Thé*®0 signatures for both soil organic matter and anientertilizers
shared the same range as manure and septic effluent
In the current study, isotope data showed thattdcation occurred at both OWTS and
CSS groundwater sites. Most of the OWTS groundwatds within the manure and septic
effluent range according to Silehal. (2002) (Fig. 11). At sites 300 and 400, whereqadée
nitrification was observed, denitrification enrich#°N and§*®0 signatures beyond the manure
and septic effluent range. Through extrapolati@sé¢hpoints plot within the manure and septic

effluent range. Manure did not contribute3toN and§*®0 signatures at OWTS vyards. There
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were no livestock present near these residendbsugh pet waste could be a minor source of
N. Based on the observed patterns, it is appananseptic effluent from OWTS use contributed
to the observed™N ands*0 signatures in groundwater. Groundwater at CS@edeyards
showed more denitrification relative to groundwae©OWTS-served yards. Upon extrapolation,
the data suggested that the primary source of M@roundwater at CSS-served yards was
ammonia fertilizer.
Groundwater TDN Loads

The current study’s groundwater TDN loading tdface waters was consistent with
other studies in the literature (Table 8). Thesdiss showed that groundwaters loaded TDN
masses of approximately 4.28 (+ 2.39 kg/yr/ha) werage, ranging from 1.14 to 7.14 kg/yr/ha
(Table 8). In the current study, the estimate wd8 Rg/yr/ha, which was normalized from the
0.62 kg-N/yr by dividing by average OWTS lot sizea(0.26 ha). Anderson (2006) studied
OWTS influences to local groundwater and adjacerfase water in Apopka, FL. Anderson
(2006) used model estimates to quantify OWTS lagglio soil and to groundwater using
conservative reduction estimates. Anderson (208ihated 9.57 kg-N/homel/yr exits the
OWTS and loads the soil. Mean observed solil loattmm the OWTS in the current study was
similar to these estimates at 12.0 (£ 4.51) kg-Nibtyr. Anderson (2006) estimated a 25% N
reduction in the unsaturated zone based on preliteusture (Ayres Associates, 1993;
Andersonet al., 1994), which leads to a soil N load to groundwaif 7.17 kg/homel/yr. This was
approximately 7 times larger than the mean soil Tioéd to groundwater (1.18 + 1.38
kg/homel/yr) found in the current study. This ladifference may be due to differing geological
and groundwater recharge conditions at Anderso@gRfield sites since these estimates are

based on OWTS in Florida.
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Pradharet al. (2007) estimated that 4.57 kg-N/yr/person (basedata from Alhajjaet
al., 1989 and Buetow, 2002) was generated from OWTIGeet. This was identical to the mean
observed OWTS effluent load to soils in the curstntly (3.90 = 1.60 kg-N/yr/person based on
sites 100, 200, 300, and 400). However, N atteanaibserved during the current study suggests
that all of the N generated from OWTS loads wilt hikkely make it to surface waters. Observed
load reductions in the current study at 2 sitasgea from 91% - 98% at sites 100 and 200.
Therefore, these data suggest that an attenuatobor fis important to consider for modeling
efforts to estimate the actual loading to surfaegews. Dilution accounted for a significant TDN
reduction (up to 70%), which does not remove N ftbemgroundwater system. Therefore, the
observed attenuation factor at these yards isyllketween 30% (losses from denitrification)
(Table 7) and 98% (upper limit of load reductiof&ble 6). It was also possible the plume
cross-sectional area did not capture the entit@ &here even diluted N migrates, thereby
overestimating the actual attenuation.

For the 100 and 200 study sites in the currentystongan OWTS TDN loadings to
adjacent surface waters (2.48 + 0.77 kg/yr/ha) weagly 2 times greater than mean TDN
loadings from groundwater to surface water (1.3234 kg/yr/ha) at sites using CSS. Therefore,

OWTS use affected the N inputs to adjacent surfaater at the residential scale.
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Table 8. TN input (kg/day) to watersheds from wastewater ag@ment reported by various studies on easterrdlSitates watersheds. App= approximately,
RC= residential and commercial, DNR= did not repBrt range, WWTP= wastewater treatment plant. FéRDBowenet al. (2007) conducted a study in the
same watershed as previous studies; therefore OsNaiGcteristics may be similar. ACPB= Atlantic GahPine Barrens, NC= North Carolina, APP= Atlantic
Plain Providence, SCP= Southern Coastal Plain.

Est. TN . .
Reference #0f OWTS TN Input Input Est. TN Input Watershed Name Water shed Physog_raphlc
(kg/day) (kglyr/person) Area (ha) Province
(kglyr/ha)
Valiela and Costa (1988) app. 2000 56.2 4.44 4.78 Buttermilk Bay 4620 ACPB (MA)
Horsley Witten Hegeman
Inc, (1991) app. 3088 832 6.57 458 Buttermilk Bay 4620 ACPB (MA)
Shamet al. (1995) app. 4230 362 2.64 1.43 Waquoit Bay app. 5000 ACPB (MA)
Valielaet al. (1997) app. 4230 316 2.20 1919 Waquoit Bay app. 5000 ACPB (MA)
Bowen and Valiela
(2001) > 4000 houses 28.3 2.07 1.13 Waquoit Bay app. 5000 ACPB (MA)
8.51 (= 9.58) Green Pond and
33 WWTP (R: 0.81- West Falmouth
Kroegeret al. (2006) (not OWTYS) 29.4) Harbor DNR ACPB (MA)
Bowenet al. (2007) DNR 86.83 6.34 Waquoit Bay app. 5000 ACPB (MA
app. 1.4 39353 All Major NC 1.26E+07
Pradharet al. (2007) million (3557% 1.14 454 Watersheds (1.31E+06) NC
Anne Arundel County Portion of
(2008) app. 41,000 1031 2.47 F49 Chesapeake Bay 152300 APP (MD
Harrisonet al. (2012) app. 420,000 4384 1.48 145 Chesapeake Bay 1160100 APP (MD
Lower St. James

Wanget al. (2013) app. 5495 1.4 and 8.6 River Basin DNR SCP (FL)

& Estimated TN input calculated from models, Bowsad data from Valiela al. (1997). While Wangt al. (2013) collected groundwater data.

b Estimated TN input based on literature derivedcBbNcentrations reaching water table

“ Estimated TN input assuming no treatment beyoWirQ tank concentrations, 39353 represents the Tdtdbad for all of North Carolina’s major basins,
while the 3557 represents the average TN load leetiee Neuse and Tar-Pamlico basins.

9 Based on US Census (2013a) data, these dataeray dverestimate if the average people per holtsehanged from 1988 to 2010.
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Hypothesis 2: CSS treatment efficiency is gredientOWTS treatment efficiency

Mean treatment efficiency at OWTS groundwater sitese more efficient than CSS
treatment that occurred at the GUC WWTP (Fig. @djich did not support hypothesis 2.
Treatment efficiency differences between OWTS aB& @ere not significantly different at a
95% confidence interval (p= 0.09). Average OWTXtabN concentration was double that of
CSS influent TDN concentration, yet TDN concentmasi in the plume core at near-steam
piezometers were similar (p= 0.34) to TDN concdrrs in GUC WWTP effluent. Oaklest
al. (2010) stated that N treatment for the majorit®uVTS could not match the stability or
reliability of advanced CSS technologies. Howegeoundwater data downgradient from OWTS
were not collected and compared to advanced CS8&dtrient technologies in that study. The
soil beneath the OWTS represents the most impoctanponent of the OWTS because it is
where most of the treatment occurs (Cogger andl€atb84; Hoovekt al., 1996; Cardona,
2006; Humphrewt al., 2010). Furthermore, TDN reductions are limitedipoto approximately
20% within the tank itself (US EPA, 1980; Laak, 298ell and Nyberg, 1989) in conventional
OWTS. Advanced OWTS yield increased reductions (€adt al., 2010). However, to ascertain
a full-scale understanding of treatment efficiebheyween OWTS and CSS, the effluent

discharge techniques must be considered.
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Figure 12. OWTS and CSS treatment efficiees. OWTS treatment efficiency wpasoled from sites 100, 200, a
300 compared t€SS influent and effluent, which was pooled fromrthe2012 to August 201

Oakleyet al. (2010) found CSS witbiological N removal to have influe N
concentrations between B8 mg/L, with effluent between 1-5.3 mg/L. Theyfoundthat
OWTS usingsingle pass sand filter with denitrification | treatment was similar to advanc
CSS, with meailN concentrations iinfluent at 66 mg/L and effluent at 138mg/L. However,
when comparing conventional OWTS to CSS, the TOBhaiation that occurs in the soil m
be considered to ensure a complete compe. The GUC WWTRused biological N imoval
and was found to have an 81%3.17%) treatment efficiency (Fig. 12) andieéht TDN
concentrations of 5.23 (£ 1.08g/L). In the current study, all OWTS sites usetventiona
technologies and had higher greatment wastewatdDN than CSS and better plu core

treatment efficiency at 88%-1g. 12), between tanks and nestream piezomete. However, at
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sites 100 and 200, mean TDN concentrations in ghmater at the near-stream was
approximately 2 times greater than mean TDN comaganhs in GUC WWTP effluent.

The data for these coastal plain sites reveal®dQNVTS treatment efficiency between
OWTS tank and near-stream piezometers approximaiehy away was greater than GUC
WWTP treatment efficiency. This difference was sighificant at a 95% confidence interval at
p= 0.09. However, TDN concentration reductions A5 sites were predominantly related to
dilution so assumptions associated with plume wndéty result in some error associated with
OWTS load reductions, possibly resulting in ovaneates of load reductions. Observed TN
concentrations at GUC WWTP effluent (5.23 + 1.08lmag GUC WWTP) were greater than
the Johnston County, NC WWTP (2.14 + 0.36 mg/L) Bodth Cary, NC WWTP (3.67 £ 0.51
mg/L). The GUC WWTP mean was within range of thetN&€ary WWTP (1.8 to 7.0 mg/L),
but was elevated relative to the Johnston County M?W0.47 to 3.76 mg/L) (US EPA, 2008).
OWTS near-stream groundwater TDN concentrationgedifirom 0.11 and 27.2 mg/L across all
near-stream piezometers. Average TDN concentratrotigee plume core at near-stream
piezometers were 8.16 (+ 5.44 mg/L). These TDN eatrations were within range of many
different CSS technologies across the US (US EPA8R Therefore, mean OWTS treatment
efficiencies and near-stream groundwater TDN cotmagans were similar to that of CSS
technologies.

Furthermore, OWTS plume core near-stream groundw&®l was not significantly
different (p= 0.34) from TDN concentrations in afht at the GUC WWTP. Load reductions
suggested that OWTS concentration reductions alaheot show the full treatment picture.

Approximately 95% of the OWTS TDN load to soils wedd prior to discharging to adjacent
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surface waters. However, OWTS TDN concentratiomecgdns were more likely to be

influenced by dilution.

Conclusions

There were some limitations with the current stuslysite 100, the TDN data suggested
that the plume width along the near-stream couldider, which could have lead to
underestimation of groundwater TDN loads to surfaager at this site. The surficial aquifer is
generally anisotropic and heterogeneous, whichiregja significant number of piezometers that
are sampled frequently to characterize the spatipteal variability of hydraulic head and water
guality. However, these studied sites were all ntdared by homeowners, which limited the
number of piezometers that could be installed.Heurhore, labor and supply and sample costs
also limited the number of piezometers installedaah site.

Excessive N in groundwater poses a risk to privater supplies and surface water
ecosystems. In this study it was shown that TDNceatrations and loads to groundwater in
OWTS watersheds were greater than those in CSSshatés. OWTS TDN treatment efficiency
at these coastal plain sites was approximately 8%tgr on average than treatment efficiency at
the GUC WWTP. This difference in treatment effiagnvas not consistent with the literature,
which found CSS to be most effective. However, sstndies neglect to collect groundwater
data downgradient of the OWTS drainfield, whichr@gtimates the effluent exports from the
OWTS. This overestimation occurs because the adilsarficial aquifer can play large roles in
reducing TDN concentrations and must be considéred findings of this study supported
hypothesis 1, which stated that OWTS concentratamusloads are greater than CSS. However,

it did not support hypothesis 2, which stated &6 treatment efficiency is greater than OWTS
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treatment efficiency. Conventional OWTS can beftexBve as advanced wastewater treatment
technologies but site soils and hydrogeologicatattaristics play an important role in system
function.

The results from this study suggested that becafugetential nutrient inputs from
OWTS use; they should be considered for inclusioNC DENR'’s and other state and
international agency’s nutrient management strateglhile some sites may significantly
reduce TDN concentrations beyond that of CSS stdsdeany sites have failing OWTS or
TDN concentrations significant enough to contribioteutrophication potentials in adjacent and
downstream surface waters. OWTS density and distiom surface water bodies play a role in
risk assessment. Future work can include settingragder monitoring zones to assess more
sites in the NC Coastal Plain, determining if ldegm trends exist via long-term assessment, and

installing OWTS mitigation strategies to curtaihi@nt TDN attenuation issues.
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CHAPTER 4: THE EFFECTS OF WASTEWATER TREATMENT APBRCH ON
SURFACE WATER NITROGEN CONCENTRATIONS AND EXPORTHN COASTAL
PLAIN WATERSHEDS

Abstract

Excess watershed nitrogen (N) loading can posgrafisiant threat to water supplies and aquatic
ecosystems. The United States Environment Protegétiency (US EPA) regulates N
concentrations in groundwater used for drinkingopses and provides guidelines for N in
surface waters to reduce the potential for euticadton. In North Carolina, half of the residents
use on-site wastewater treatment systems (OWTSydstewater management. OWTS may
contribute significant total nitrogen (TN) conceations and loads to surface waters at the
watershed scale but there is a lack of publishediest focusing on surface water quality effects
in nutrient sensitive Coastal Plain watershedshi study conducted in the Neuse and Tar-
Pamlico River basins (North Carolina), surface watel groundwater N concentration and
discharge information was collected over a yeanfBsub-watersheds. In sub-watersheds using
OWTS, the surface water mean TN concentrations apeoximately 2 times greater than in
centralized sewer system (CSS) watersheds durisefloar and storm conditions. Streams
draining OWTS sub-watersheds exported TN masségr(Rg) greater than 2 times that of CSS
watersheds on an annual basis. It was estimated thaxport from wastewater sources in the
OWTS-served watershed was approximately 2.2 kgly#hwatershed-scale TN attenuation
factor of 81% (+ 14%) was estimated for OWTS wdteds. These data show that CSS and
OWTS can provide different outcomes for watershealesnutrient loading and consideration of
wastewater management approach effects on surfaies W is important in nutrient sensitive

watersheds.



I ntroduction

Nitrogen (N) inputs to Atlantic and Gulf Coastwestes have increased to between 2 and
20 times greater than pre-industrialized conditi@wmyntonet al., 1995; Howartlet al., 1996;
Jaworskiet al., 1997; Goolsby, 2000). These inputs have incrkaser the past 2 centuries and
have accelerated since the 1950s (UNEP, 2005).s8ik&eN inputs to surface waters potentially
degrade aguatic ecosystems because primary produweiihin estuaries is typically N-limited
(Ryther and Dunstan, 1971; Nixon, 1986, 1995; Fisimel Openheimer, 1991; D’'Eleal .,
1992; Howarthet al., 2000). Increased N loading to surface waters le@y to greater
frequencies of harmful algal blooms, hypoxic andxan bottom waters, loss of emergent plants,
and reduced fish stocks (Valiela and Costa, 1988r1P1988, 1995, 1997; Valie#hal., 1990;
Hallegraeff, 1993; Boynto&t al., 1995). The main causes of these increases mtihde
intensive agriculture, fossil fuel combustion, @édiee cultivation of leguminous crops (Smil,
2001), and wastewater management (Table 1). Res@kthas shown that on-site wastewater
treatment system (OWTS) may be a source of N targlwater and surface waters in nutrient
sensitive watersheds (Table 1).

Numerous studies in North America have shown th&flT@ can affect groundwater
TDN concentrations through TDN loading from OWTSstl, groundwater, and streams
downgradient from OWTS (Cogger and Carlile, 198db&tsoret al., 1991; Wilhelmet al.,
1996; Cardona, 2006; Pradhetral., 2007; Oaklet al., 2010). Due to the interconnectivity
between surficial aquifers and surface watersaserfvaters located in OWTS-served
watersheds can be affected by OWTS effluent (US,EHRAO; Valiela and Costa, 1988;

Meybecket al., 1989; Howartlet al., 1996; Castrat al., 2003). This can be a problem in

70



nutrient sensitive watersheds, because limitedeanations of N can increase eutrophication
potentials in surface waters (Osmaa@il., 2003).

Residences using centralized sewer systems (G838)ithin a network of infrastructure
that transports wastewater to wastewater treatplants. CSS treat wastewater offsite from the
source and commonly discharge the treated wastediagetly into nearby surface water bodies.
OWTS dispose, treat, and discharge wastewatertljiiato the subsurface, which later
discharge to adjacent surface waters via grounawratesport. Regulatory agencies require CSS
operators to monitor and report effluent dischargEsvever, most OWTS do not require regular
monitoring after the initial permitting process. ditonally, homeowners are responsible for
facilitating regular maintenance to ensure opti@®& TS performance. Failure to conduct
regular maintenance typically causes reduced OWEr®pnance or complete malfunction.
Regulatory monitoring and improved understandin@@ TS contributions of N to groundwater
can improve basin-wide planning efforts and nutrreanagement in the Tar-Pamlico and Neuse
River basins (NCDWQ, 2010; 2013). These basinganently being managed to reduce N and
phosphorus inputs due to current and past isstleedeo fish kills, algal blooms, and
eutrophication occurrences in the receiving AlbdeiBamlico estuary system (NCDWQ, 2010;
2013).

Previous studies to determine the effects of westier treatment approaches on surface
water quality have found that OWTS and CSS disawmangay potentially contribute significant
concentrations and loads to adjacent surface watkish may adversely impact aquatic
ecosystems (Table 1; Table 9). Moetal. (2003) found OWTS discharges to be more likely to
contribute increased total nitrogen (TN) to lakelative to CSS. There is an absence of research

documenting the effects of OWTS on surface wateafityjuat the watershed-scale in
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southeastern Coastal Plain settings. OWTS arerddominate means of wastewater treatment
in rural watersheds. Castebal. (2003) noted that trends regarding N retenticgetdaon
watershed land-use is largely unknown and reqdumiser study. Fertilizer and manure were the
dominant sources of TN in the agricultural watedshgtudied (Castret al., 2003). TN
concentrations in undeveloped or non-agriculturaiensheds have been shown to be
predominantly derived from atmospheric depositidaligla and Costa, 1988; Casstioal.,

2003) but fertilizer and waste sources may alsy aleole.

Several studies (e.g., Rickaral., 1994; Castret al., 2003; Kroegeet al., 2006; Oakley
etal., 2010; Wangt al., 2013) have applied model approaches to estiO@éS and/or CSS
inputs to adjacent surface waters. However, thesgeta may not always be verified with field
samples that show actual surface water impairm&mntegeret al. (2006) found that their model
estimates typically underestimated measured loaedeiving waters downgradient from a CSS
wastewater treatment plant (WWTP). This study aptexch to show if any actual surface water N
impairment occurs from OWTS and CSS use at therglade scale in the North Carolina
Coastal Plain.

The study objectives were to determine if surfaegéewTN concentrations and watershed
TN exports were affected by watershed wastewat@agement approaches. To achieve these
objectives, several hypotheses were tested: (¥x&uwater TN concentrations in OWTS
watersheds are greater than those in CSS-servedsivatls; and (2) Surface water TN loads are
greater in OWTS watersheds than those in CSS-sevaggtsheds. This work will help improve
understanding of non-point source contributiondlab Coastal Plain surface waters and help
regulators in the decision-making process to datexii OWTS should be included in nutrient-

sensitive watershed management approaches.
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Methods

Site Selection

Eight sub-watersheds located in Greenville, NC vgetected based on wastewater
management approaches (Fig. 2; Appendix A). Fotensheds used OWTS (EP-O, EP-1,
MILL, and CHOK), while the other 4 used CSS (FTFI-2, BELL, and MHB) were chosen and
compared based on physical and chemical watertgyarameters. The main comparison
groups were: EP-O, MILL, and CHOK vs. FT-1, FT-AdavMHB (Table 10). Additional data
were collected from 3 other watersheds; 2 of thestersheds used CSS (FT-O and BELL) and
the last used OWTS (EP-1). FT-O and EP-1 werenubided among the comparison groups
because FT-O represents the confluence of FT-Farl while EP-1 drains into EP-O.
Including FT-O and EP-1 among the main comparisons would skew the data since these
data were accounted for in FT-1 and FT-2 and EBELL was only used for the collection of

N concentrations data.
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Table 9. Wastewater exports from watersheds shown in TN iXgg/day) and approximated TN export (kg/yr/haséd on estimated watershed area for
watersheds in Eastern USA. ACPB= Atlantic Coastia¢ Barrens, NC= North Carolina

# Of TN Export Approximated Watershed | Watershed | Physiographic
Reference OWTS (kg/day) TN Export Name Area (ha) Province
(kglyr/ha)

Valielaet al. (1997) app. 4230 30.4 2.22 Wagquoit Bay app. 5000 ACPB
Bowen and Valiela

(2001) app. 4230 28.8 2.10 Wagquoit Bay app. 5000 PBC
Bowenet al. (2007) app. 4230 30.1 2.20 Waquoit Bay app. 5000 ACPB

All Major
NC 1.26E+07

Pradharet al. (2007) app. 1.4 mil 39353 (35%7) 1.14 Watersheds (1.31E+06) NC

= Estimated using an 65% attenuation factor repdrté/alielaet al. (1997)
b= Assumes no N attenuation from OWTS technologiasentheses data shows Neuse and Tar-Pamlico Bsém average

Table 10. OWTS and CSS watershed characteristics at eachlgitging wastewater management approach, majarbvasn location, watershed area, and total
impervious surface. Total impervious surface (%) area data was calculated by the Pitt County Rigribepartment (2011), excluding CHOK TIA.

Water shed Wastewater River I mpervious
M anagement . Area (ha)
Name Basin Surface (%)
Approach

FT-1 CSS Neuse 220 25.5000
FT-2 CsSs Neuse 190 33.6000
MHB CsSs Tar 268 32.00%
EP-O OWTS Tar 201 9.60%
MILL OWTS Tar 200 11.70%
CHOK OWTS Tar 280 12.4%

= Estimated from Hardisoet al. (2009)
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Stream Instrumentation, Sample Collection and Agialy

Each stream was instrumented with a staff gad@BO water level loggers were
installed in each PVC stilling well programmed ézaord stream height every half-hour from
August 2011 — August 2012. The logger data allofeed long-term window of data, whereas
staff gauges only showed a snapshot of stream thé&iglthermore, the stream stage allowed for
development of discharge rating curves, which wsexl to determine discharge data using
logger data.

Stream water quality and discharge sampling evardsarred monthly for 1 year from
August 2011 - 2012. Physical water quality paranseteere collected in field near staff gauge
locations (Fig. 2). Th&S-556 MultiProbe Meter was used to determine the pH, dissolved
oxygen (DO), electrical conductance (EC), tempeeatand aHach turbidity meter was used for
turbidity measurements for each stream. The sttage was read each month during sampling.
A flow meter was initially used to gauge streanoeél. However, due to drought conditions
(August 2011-November 2011) shortly after sampbegan stream flow was too low for the
meter to record velocity. Therefore, the floatirngezt method (WV DEP, 2013) was used
instead and for consistency this method was coatirtbroughout the study after drought
conditions subsided. Three trials of the floatithgeat method were conducted and the average
was accepted as the stream velocity. Stream digehveais calculated by multiplying average
stream depth and velocity by stream width. Sinedflttating object method does not account for
stream velocity differences with depth, velocitresre multiplied by a coefficient calculated
based on multiple floating object and flow met@ls (Appendix D). These data revealed that on
average the float method estimated velocities \2@Pé greater than the flow meter. To correct

for this overestimate the coefficients (0.76-1.00Appendix D were used.
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New polypropylene sample bottles were rinsed 3simestream water, collected, and
transported to the Central Environmental Laboragdrizast Carolina University. In addition to
stream samples, the GUC WWTP was sampled monttiy March 2012 to August 2012.
Approximately 10% of the samples were replicateslaanks. Replicates differed from original
samples by an average of 0.03 for TN and 0.01 fofn&44). Blank samples had a mean of 0.09
(£ 0.03 mg/L) TN and 0.26 (£ 0.35 mg/L) @h=10). Stream flow, environmental readings, and
stream samples were collected before, during aed &fo storm events using the same
methods. One storm occurred in the wet season (Noee5-7, 2011- 3.43 cm) and in the dry
season (May 9-10, 2012- 0.58 cm). Physical watelityudata for each watershed and sub-
watershed is characterized in Appendix L.

Samples were filtered the day of collection andextavernight in a refrigerated storage
room or were frozen (Avanzino and Kennedy, 1993il analysis could be conducted. Samples
were analyzed for ammonium (B, nitrate and nitrite (reported as nitrate: yQOdissolved
kjeldahl N, particulate nitrogen (PN), and chlor{@) using aSmartChem 200 color
spectrometer (WestCo, 2008). Storm and baseflowkkanfrom November and May were sent
to the Stable Isotope Facility at UC Davis for ggmt analysis. This facility uses a
ThermoFinnigan GasBench plus PreCon trace gas otratiens system interfaced to a

ThermoScientific Delta V Plus isotope-ratio massctpmeter (Bremen, Germany).

Data Analysis

Annual discharge data were calculated using diggheating curves (Appendix M)
created for each of the 6 main watersheds baseabothly monitoring events and during

storms. Using 2 different trend lines (low-flow anigher-flow) (Appendix M), discharge was
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calculated every 30 minutes over a year for eacheb primary watersheds based on stream
height from logger data. BELL did not show a strétfgzalue and was not among the primary
watersheds. Therefore, BELL was not included antbege estimates. Due to channel
instability, the stage-discharge relationship waeliable. Therefore, BELL was not utilized for
discharge and loading estimates. Logger and manoneasured stage readings were compared
to ensure data were similar (Appendix N). Dischatge were plotted against time (Appendix
O) and correspond to precipitation data (Appendix P

Hydrograph separation (using web analysis hydrdgtapl: Limet al. (2005)) was
conducted by uploading 30-minute interval dischatgi. A recursive digital filter using the
aquifer type “perennial streams with porous aqsiferas selected. The filter parameter was
0.98 and the baseflow index maximum was 0.80 foh @d the 6 primary watersheds. More
information about the recursive digital filter methis available in Eckhardt (2004). Using
hydrograph separation, the percent of annual flealc(lated based on measured monthly
sampling events) that occurs as baseflow and dlommwas derived. The annual flow was
multiplied by these percentages to determine ttaual baseflow and storm flow discharges.
Baseflow and storm flow TN concentrations were pli#d by annual baseflow and storm flow
discharges to determine baseflow and storm floneXplbrts. These exports were summed to
determine total TN exports for each main watershed.

Discharge was multiplied by stream TN concertrato estimate stream TN export.
Since watershed size varied, the estimated TN ¢xyas divided by watershed size to show kg-
N/yr/ha per each main watershed. Using a normali2¢export, which allowed for a more
uniform comparison between watersheds of diffeesitént. Due to the lack of a consistent

stage-discharge relationship, the normalized TNoebdor BELL could not be reported. If BELL
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surface water TN concentrations are similar to MH®&e to their proximity and stream
characteristics, it is possible that TN export {kdfa) may be similar.

CSS technologies treat waste from residences sanethen discharge treated waste
into a river. The studied CSS watersheds were inetttl influenced by these point-source
discharges because the GUC WWTP discharges thedreHluent directly to the Tar River
downstream of the studied watersheds. Therefoeeeffiects of CSS effluent discharges are not
observed in these watersheds. In order to estithatll exports from the CSS watersheds that
are discharged at the GUC WWTP outfall on the TiseRa per capita N loading estimate was
scaled up using watershed population data and wag&rThe number of residential structures
was calculated from 2011 satellite imagery usin§ &l the Pitt County Planning Department
(2011; Appendix A). US Census (2013b) for GreeryiNIC data were used to determine the
average people per household. The number of paoghe watershed was calculated by
multiplying the structure count and average pepgamhousehold. Total water use in the
watershed was determined by multiplying the nundbgreople in the watershed by 190 L/d,
which was based on Eastern Pines Water CorporftttddWTS sites and compared to US EPA
(2002) estimates. Using the TN concentration ofGheC WWTP effluent, the TN export was
calculated as if that waste were discharged taviitershed that generated it.

Watershed TN export at CSS sites was assumedttehlastimated TN mass from non-
wastewater sources (i.e. fertilizer, soils, andaspmeric deposition of N). TN export from
OWTS watersheds was subtracted from TN export @88 watersheds to determine an
approximate watershed-scale export of TDN from OVgd6rces. This allows for a watershed
scale attenuation estimate between estimated Nsth@ded from the OWTS tank and N that

exports from the 3 primary OWTS watersheds aftercppita scaling. This model assumes that
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all residential sites have similar OWTS loads tisssand groundwater loads to adjacent surface
waters. Additionally, the model assumes that OWT&hhracteristics are similar in the MILL

and CHOK watersheds.

Results

OWTS and CSS Stream Discharge

OWTS average monthly and annual discharge wasegrtean CSS discharges (Table
11). This difference was significant at p= 0.01s8#ow accounted for most of OWTS and CSS
discharges. CSS watersheds had approximately 108 amsxcharge from storm events
compared to OWTS watersheds. Total precipitatios suailar at both CSS (126 + 1.77 cm/yr)
and OWTS (125 + 0.81 cm/yr) watersheds. Total ahdigaharge represented approximately
14% at CSS and 21% at OWTS of total precipitatiatadTherefore, evapotranspiration at CSS
watersheds was approximately 86%, while at OWTSkshaeds it was 79% (Table 11).
Hydrograph separation showed that baseflow cortgth64% of total annual flow at CSS
watersheds, whereas at OWTS watersheds baseflawhedad 75% (Appendix M). Stormwater
runoff contributed 36% and 25% of annual flow atSC&hd OWTS watersheds, respectively

(Appendix M).
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Table11. OWTS and CSS discharge measurements comparedualgmacipitation in each of the watersheds andgub@= average annual discharge, mil=
million, BF= baseflow, SF= storm flow, and Tot. Bipe= total precipitation, ET= evapotranspirati&T, shows the volume of water from August 2011 to
August 2012 that evaporated and transpired, whiledpresents the percentage of total precipitdtiahevaporated or transpired.

Av . . Tot.
Ste | Annua Q| BFE®) | sF(%) Bfng (mil | SF ?/ Mmil 1 o egip. TOta/' ET TOt?' Q1 ET(%)
(mil m¥yr) yr) melyr) (cmiyry | (€M) | (cmiyr)

FT-1 0.41 63 37 0.26 0.15 146 127 19 873
FT-2 0.4 58 42 0.23 0.17 146 125 o1 85.7
MHB 0.56 64 36 0.36 0.2 145 124 21 85.8
EP-O 0.67 77 23 0.51 0.15 143 110 33 76.7
MILL 0.53 74 26 0.39 0.14 145 118 27 81.4
CHOK 0.87 71 28 0.62 0.24 145 113 31 78.3
CSS  045(0.09) 62(3.32) 38(3.32) 0.28(0.07) 7QQ03) 146 (0.87) 126 (1.77) 20 (1.26) 86.2 (D.92
OWTS 0.69(0.17) 71(2.89) 29(2.40) 0.51(0.11) 1800.06) 144 (0.87) 125(0.81) 21(0.25) 78.79%5
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Baseflow and Storm Surface Water N Quality

Baseflow and Storm Surface Water N Speciation

Surface water TN concentrations for CSS and OWagmheds were dominantly NO
rich. N speciation was similar at all sites exdbetFT-1 and FT-2 sub-watersheds (Fig. 13).
During baseflow and storm conditions, FT-1 and F8t2face water TN was mostly composed
of dissolved organic nitrogen (DON), accountingdpproximately 40% of TN. NH also
contributed about a quarter, if not more, to TNamtrations at these watersheds during both
baseflow and storm conditions (Fig. 13). N@as the dominant N species at each of the other
watersheds during baseflow conditions. Under bagefNO;™ contributed approximately half of
total TN. During storm conditions, this trend priéed for MHB and BELL. However, during
storm events at MILL, DON contributed a substantiaition of TN. At MILL, DON was the
dominant N species during storms, althoughsNIl represented approximately a third of TN

(Fig. 13).
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Figure 13. A) Baseflow N speciation at the 6 main watershedsBELL. B) Storm N speciation at the 6 main

watersheds and BELL. Blue represents,Nifed represents NQ green represents DON, and purple represents
particulate nitrogen (PN).
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Baseflow and Storm Surface Water N Concentrations

TN concentrations in surface water during baseffowditions differed between CSS and
OWTS watersheds (Fig. 14). DIN comprised more &@¥ of TN for both OWTS and CSS
watersheds. DON accounted for approximately 30%wudfce water TN for both OWTS and
CSS watersheds. Less than 20% of TN surface wateeatrations during baseflow occurred as
PN (Appendix Q). The mean surface water TN coneginin for CSS watersheds during
baseflow conditions was 0.86 (= 0.50 mg/L). Surfaeger TN concentrations during baseflow
conditions for OWTS watersheds (1.27 = 0.46 mg/Eyavapproximately 2 times greater than
CSS watersheds (Fig. 14), which was significanitigcent (p= 0.00).

During storm conditions, the mean concentratiorstoface water DIN, DON, TDN, PN,
and TN slightly increased from baseflow conditidDf\ remained as the dominant contributor
to TN concentrations, contributing approximately®6f surface water TN to CSS and OWTS
watersheds. DON remained the same, accountingBar & TN. Surface water PN
concentrations increased during storms relativegeflow conditions at both CSS and OWTS
streams, contributing approximately 20% of TN (Apgie R). Mean surface water TN
concentrations increased from baseflow to stornditimms, and then mean TN concentrations
decreased after storms at both OWTS and CSS OW3.S watersheds had greater mean
surface water TN concentrations during storms (+.08344 mg/L) and after storms (1.33 £ 0.32

mg/L) than CSS watersheds (storms: 0.97 + 0.32 nagter: 0.72 + 0.31 mg/L).
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Figure 14. Baseflow and storraurface water TN concentrations at individuatersheds and pools
Concentrations remained similar between basefladvstorm conditions, although a slight increase adian anc
mean values occurred from baseflow to storm coot. B= baseflow, S= storm flow.

Baseflow and Storm Surface Water N Exports

Mean TN export fronODWTS 3.92 + 2.80 kg/yr/ha) watersheds vegeproximately twc
times greater than that of CSE7: = 1.56 kg/yr/ha) TN watershed expdfid. 15). OWTS and
CSS TN export we significantly different at a 95% confidence mtd at p= 0.0. EP-O
exportedthe highest mean TN mass at £ (+ 3.37 kg/yr/ha)CHOK and MILL exported lowel
though similar, mean Thhasses €3.99 (£ 3.62) and 2.71 (x 1.43) kg/yr/hraspectivel (Fig.
15). TN export was similar among Ciwatersheds. MHB exported theghest men TN among
the CSS watershedsa63 (+ 1.9/ kg/yr/ha. FT-2 and FT-1 exped lower mean TN masses

1.37 (= 0.99) and 1.18 (+ 1.2kg/yr/ha Fig. 15).Assuming CSS TN export represents -
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wastewater sources, thapproximately2.2kg/yr/ha of TN export was resultant frcvastewater
N contributionan watersheds served by OW

Unlike baseflow conditions, OWTS 08 * 0.14kg/day/ha) streams exported simi
mean TN masses duringpem events to CSS streams (0.06 £ kg/day/ha) Fig. 1£). CHOK
(0.14 £ 0.2%g/day/ha) and MHB (0.09 + 0.11 kg/day/ha) expotteslgreatest mean sto
event loads of TN. FT-exported the lowest mean Ttorm event loads at 0.03 (z O.!

kg/day/ha (Fig. 15)DIN, DON, TDN, and PN loadinare also available iAppendix F.
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Figure 15. A) TN export (kg/yr/ha) at individual watershedslgrooled during baseflow conditions. B) TN export
(kg/day/ha) at individual watersheds and pooledndustorm conditions. OWTS TN export was increasddtive
to CSS during baseflow conditions, while TN expmais similar during storm conditions.

GUC WWTP Net TN to Tar River from Average CSS Wslterd Compared to Isolated OWTS
Watershed TN Export

TN export in surface water within the CSS-servetkevsneds did not account for the
wastewater that was piped out of the watershedsraated at the GUC WWTP, which was later
discharged in downstream reaches of the Tar RiNegrefore, this section shows estimated TN
input to the GUC WWTP scaled up based on averageWgershed population and water use.
The TN input to influent tanks at the GUC WWTP wd84 (£ 4113 kg/yr) on average. Average
TN export from the GUC WWTP to the Tar River wa®24+ 776 kg/yr), which showed 81%
TN attenuation (Fig. 16). OWTS watershed TN attéonavas the same as at the GUC WWTP.
OWTS TDN loads to soils were 3176 (x 270 kg/yr).efage TN export from surface water in

OWTS-served watersheds was 605 (+ 322 kg/yr) (E6Q.
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Figure 16. TN (kg-N/yr) load from OWTS to soil (purple), surface water TN export from OWTS-served watersheds (blue),
TN inputs to influent at GUC WWTP (red), and effluent TN inputs to Tar River from GUC WWTP (green). GUC WWTP
inputs were based on the average population and water use among the 3 major CSS watersheds. TN concentrations were
based on average GUC influent and effluent TN concentrations. The blue text shows the attenuation between the OWTS
and CSS treatment approaches.

Stable Isotope Indicators of the Sources of Nitn

Baseflow Sable Isotope Indicators

Baseflows™N (%o) stable isotope indicators showed t5*°N-NO5 values differed in
OWTS vs. CSS watershedgaseflow surface waté°N-NO3 values (mean: +3.2+ 3.83%0) in
CSS watersheds were depleted relative to surfater §*°N (mean: +10.8& 1.8%%o) in OWTS
watersheds. Baseflo#°N-NOs signatures in OWTS watersheds ranged from +8.3%.83%.
Baseflows*N-NOjs signatures in CSS watersheds ranged +2.71 to +7.30%0Fig. 17:
Appendix S). OWTS and CSB°N-NOjs signaturesvere significantly different (p= 0.() from
each other during baseflow, during storms, and aftem condition. OWTS laseflow NG’
concentrations were significan greater than CSS NCGconcentrationddowever, during storm

and after storms NOconcatrations were similar when comparing CSS and OW/agrshec.
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Sorm Sable Isotope Indicators

A trend of depleted™N-NOs signatures during storms relative to baseflow @ s
occurred at both CSS and OWTS watersheds. Duratqigtvents surface watd’N-NOs;
values (mean: +0.70 = 3.44%o0) in CSS watersheds depéeted relative to those from OWTS
watersheds3t°N-NOz; mean: +7.92 + 1.93%o). During storm events surfaaterd™°N-NOs
values ranged from -2.43 to +6.56%. in CSS watershetlile surface waters hatPN-NO3
values ranging from +5.15 to +10.5%. (Fig. 17) in D8Wwatersheds during storm events. At the
OWTS watersheds, after stodtN-NO; values (mean: 10.2 + 2.00%o) transitioned closer to
pre-storm conditions. However, CSS watersheds awdafter stornd*>N-NO; values (mean:

+5.90 + 1.38%0) that were enriched relative to gy conditions (Appendix S).
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Figure 17. A) "N stable isotope indicators for CSS and OWTS durimgeHow conditions, storm conditiorand
post-stormconditions (falling limb of the stor hydrograph). OWTS sources show depletioning storm and
return to prestorm conditions after storms, while CSS stdepletion but no return to posterm condition:
immediately following the peak of storm activ B) NO;y” concentrations during baseflow, during storm, dfter
storm conditions. N© concentrations decrease during storand therincrease to conditions similar to basefl

conditions.

89



Discussion

Hypothesis 3: Surface water TN concentrations inT®Matersheds were greater than CSS

OWTS watersheds had significantly higher surfaaéewTN concentrations than CSS
watersheds. This difference in TN concentrationdl(@ng/L in OWTS during baseflow
conditions) suggested that OWTS use affected saiMeter quality during baseflow conditions.
The similarity between baseflow and storm flow Tdhcentrations suggested that groundwater
sources of TN were more dominant than atmosphetitcss, potentially suggesting that OWTS
contributed most of the TN in OWTS watersheds.Jiatlial and pooled TN concentrations in
surface water were similar or less than Doeldd. (2009) estimated value of 1.2 mg/L of
southern coastal plain rivers. Doddsl. (2009) estimated mean TN concentrations basé&on
gauging stations that collected TN data acrossolhern coastal plain. Smighal. (2003)
found that median TN concentrations in undisturbteeams in the Eastern Coastal Plain region
were approximately 0.52 mg/L, ranging from approiety 0.30 to 0.70 mg/L. The current
study found mean OWTS surface water TN to be appravely 3 times greater than median TN
reference data (Smit al., 2003), but were similar to surface water TN cariions
determined by Doddeat al. (2009). Mean TN concentrations in surface wateved by CSS
watersheds were less than TN concentrations iaceiMvater served by OWTS watersheds and
findings by Doddt al. (2009), but were elevated compared to TN referelata (Smitlet al.,
2003).

Previous studies have shown OWTS to contributefsignt N concentrations to surface
waters. Surface water DIN (0.67 + 0.24 mg/L) coniions during baseflow and storm flow
conditions in OWTS watersheds were similar to tHosed in watersheds in Massachusetts by

Valiela and Costa (1988). However, they reportectbNcentrations as DIN, which excludes
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DON data. They found that DIN concentrations ranigech approximately 0.10 to 2.55 mg/L
based on field data in Buttermilk Bay (Cape Cod,)MAclusion of DON data may expand this
range. Neilson and Cronin (1981) showed that inesooastal embayments and estuaries across
the world DIN concentrations can be as high as 88.m

Surface wated™N-NOjs signatures in OWTS watersheds were similar toetiosnd by
previous studies. Kendall and McDonnell (1998) shdwhats*>N signatures in manure and
septic effluent ranged from +10 to +20%.. They alkowed thas'*N signatures ranged from +4
to +7%o for soil organic matter and -5 to +5%. forraonia fertilizer. Silveet al. (2002)
redefined these ranges and found &\ signatures for manure and septic effluent rarfgzd
+8 to +20%0 and +2.5 to +9%. for soil organic matiney found similab™>N signature ranges
for ammonia fertilizer as Kendall and McDonnell 989.

The current study found°N significantly differed (p= 0.00) between surfagater in
OWTS-served watersheds and surface water in CS@esaratersheds. Most of the surface
waterd™N data in OWTS-served watersheds plotted withimtiamure and septic effluent range
defined by Silvaet al. (2002) (Fig. 17)Based on surface wat&’N data, the dominant source
of NOs in OWTS-served watersheds was septic effluentid@etial land classes prevailed
throughout the watershed. Furthermore, livestock m@ observed within close proximity of
any surface water sampling location. Most of théame wates™*N data in CSS-served
watersheds plotted within the ammonia fertilizerga defined by Kendall and McDonnell
(1998) and Silvat al. (2002) (Fig. 17). Therefore, OWTS use contributethe elevated N

concentrations in surface water within OWTS-semweatkersheds.

91



Hypothesis 4: Surface water TN loads were great@WTS watersheds than CSS

OWTS watersheds exported significantly more N t6&% watersheds during baseflow
conditions. Furthermore, when comparing the meaenshed TN export on an individual
watershed basis, each OWTS stream exported signifjcgreater TN loads than CSS streams
during baseflow. However, this trend was not obsémuring storm conditions. This is likely
due to the total impervious area differences betwestersheds. The increased total impervious
area at CSS watersheds (approximately 30%), compar®@WTS watersheds (approximately
10%), generated more runoff during storms and thwedersheds were flashy (Appendix M;
Appendix O). The influx of greater runoff and thengar (relative to baseflow conditions) TN
concentrations during storms in CSS-served watdssbaused increased TN loads. TN export at
the MHB watershed tended to be nearly two timeatgrehan the FT-1 and FT-2 watersheds.
This trend could be related to leaky CSS infrastmec Upgradient from the sampling point was
an exposed sewer pipe directly above the streamnehéhat may have eroded and leaked
wastewater into the stream. In addition, upstrdaenetare two large farm fields, which could
contribute fertilizer runoff. Comparing/°N signatures at MHB seem to support this explanatio
(Appendix S). Averagé™N signatures at MHB were 6.31 (+ 2.06%.), which welightly out of
the septic effluent range. Most points plotted ribarseptic effluent range. However, one point
(3.26%0) suggested fertilizer as a source ozN®hich could be related to the large farm fields
upstream from the sampling location.

Recent studies (Table 9) have shown model estinoh{EN exports from watersheds to
larger basins or coastal waterways in eastern W Mparing the OWTS kg-N/yr/ha watershed
N export data to the literature, these values wendar to those described in Table 9. The

similarity showed that despite these model estimasing conservative treatment estimates or
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no treatment estimates, the results of the custelaty were similar to these models. CSS
watersheds exported TN masses lower than all theribed studies excluding Pradletral.

(2007) and Harrisost al. (2012). Pradhaet al. (2007) estimated OWTS TN loads (1.30
kg/yr/ha) for a sub-basin in which the current gtades reside; this approximation is similar to
the TN export estimate of 2.2 kg/yr/ha that onlgamted for wastewater sources of N. Despite
the similarities between the current study and Raadt al. (2007), they did not include
attenuation factors. This similarity could be &iitied to the inclusion of non-septic areas upon
normalizing TN export based on area.

Although OWTS-served watersheds export greater diNpared to CSS-served
watersheds, the N generated in these CSS-servedsivatls reaches downstream segments of
the Tar River from the GUC WWTP treated effluerdotiarges. Some studies (Valiela and
Costa, 1988; Horsley Witten Hegeman Inc., 1991 nséaal., 1995; Valielaet al., 1997; Bowen
and Valiela, 2001; Kroeget al., 2006; Boweret al., 2007; Pradhag al., 2007; Wangt al .,
2013) estimated the N concentrations and/or loadsljacent surface waters and/or at the
watershed scale. The current study found an avextgeuation factor between the 3 OWTS
watersheds to be 81% (+ 14%). These N attenuatictorfs at the watershed scale were slightly
elevated compared to Valiedaal. (1997), which found N inputs to watersheds fromteasiter
sources attenuated approximately 65% of N pria@lisoharging into Waquoit Bay. This
attenuation factor was calculated based on modeh@&®s of N inputs from OWTS to
watersheds and N exports from these watershedsitpugt Bay. A model that does not utilize
an attenuation factor could overestimate N loadsitface water by up to 96% in watersheds of

similar geological, physiographical, topographicalil, and OWTS characteristics.
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Conclusions

There were some limitations with the current stulyis study was based in relatively
small (< 400 ha) watersheds using predominanths#me land class. Therefore, replicating this
study in watersheds of greater extent may not lssiple due to labor needs and cost of supplies.
Furthermore, the land classes may become moresgivedarger watersheds. In these cases,
model estimates may be a more cost feasible opfiestimating TN exports from watersheds of
greater extent. However, replicating the currendlgtin watersheds of similar size or similar
land use in differing physiographic provinces, tgraphical, geological, and OWTS
characteristics could provide additional TDN attatmn factors at the watershed scale. These
data could help constrain model estimates in regibat differ from the study area of the current
study. However, replication of the current studyyrba difficult to apply to some regions, such
as the Piedmont and Blue Ridge regions of NC dwsgraficant differences in geological
settings.

Field data collected over a yearlong study perenckaled that watershed wastewater
management approaches affected surface water Migtvattons and loads in the selected
Coastal Plain watersheds. Surface waters within G\Watersheds had greater TN
concentrations and exports compared to those Witlsi8 watersheds. OWTS watersheds
annually exported approximately 2 times more TNt@&S watersheds during baseflow
conditions. CSS can be useful in areas adjacamitteent sensitive waters, since effluent can be
better controlled. CSS effluent, rather than disgimg directly into nutrient sensitive waters, can
be diverted to another less vulnerable watershatyeceive advanced tertiary treatment, or can

be directly injected into the subsurface allowingddditional treatment prior to discharge.
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The current study found that OWTS use could cbuate up to 3.13 kg-N/yr/ha to
adjacent surface waters in watersheds locateceiCtastal Plain of North Carolina. This study
estimated that OWTS watersheds attenuated up tod®d@% exports, with an average of 81%
(x 14%). The current study estimates can help piean attenuation factor that may be used in
future studies to help account for attenuation atesshed-scale N models. Since these
attenuation factors were derived in Inner Coadi@hRsettings, future work should aim to
develop these factors in different hydrogeologsedtings to help improve understanding of N
inputs from OWTS to surface waters. The resultsiftbe current study and future work should
be considered among nutrient management stratfegidse North Carolina Department of
Environment and Natural Resources, as well as stlage, federal, and international agencies in

their planning nutrient management efforts.

95



CHAPTER 5: MANAGEMENT IMPLICATIONS

Results from this study indicate that OWTS uskierices groundwater and surface
water quality both locally and at the watershedesddeanwhile, CSS infrastructures have
minimal impact on groundwater and nearby surfacemat the residential scale. However, they
may have local effects if the sewer infrastructeeks. Groundwater and surface water N data
showed that OWTS use has influenced groundwatesaridce water quality and increased
recharge from subsurface wastewater disposal letcteased discharge in OWTS watersheds.
The increased TDN and TN concentrations in OWT Sigdavater and surface water relative to
CSS groundwater and surface water show that OW&Siffiscted water resources.

Based on the studied OWTS sites, there are pateniggestions that could mitigate the
influence of these OWTS upon water resources.tds svhere separation distance was
inadequate (sites 100 and 200), it is possibleittstall drainfield trenches at a shallower depth
using shallow depth or low-profile chambers (CULTE010) to prevent the seasonal high
water table from submerging the trench bottom. Thisld potentially facilitate increased
nitrification at these sites, which may lead tor@ased TDN attenuation prior to discharge to
nearby streams. Denitrification trenches are amqibtential strategy to mitigate nitrate inputs to
surface water. These trenches could be installsdest similar to sites 300 and 400 where most
of the septic effluent occurs in the form of nigraf limiting factor for all of these potential
management strategies is cost. Altering or movilgT@& components are costly, without grant
funding these costs would otherwise be the respdigiof the homeowner. Planting of
vegetated buffers along stream banks (where presetitese sites is a potentially cost feasible
management strategy. Vegetation with deep rootszorey be able to attenuate TDN

significantly in areas where the depth to wateshiallow.
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APPENDIX A: WATERSHED DELINEATION MAPS

Fire Tower Total Impervious Surface Area

Acreage | Impervious Surface | Percent

Drainage Basin
Sub Basin 1 490.86 125.14 25.49%
Sub Basin 2 346.32 116.39 33.61%
Sub Basin 3 80.94 25.77 31.84%

Total 918.12 267.3 29.11%
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Eastern Pines
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Simpson Total Impervious Surface Area
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Cherry Oaks Watershed Delineation Map
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APPENDIX B: GROUNDWATER SITE MAPS AND FLOW DIRECTIN

Groundwater monitoring sites and their flow direo8 during wet (red arrow) and dry (blue
arrow) conditions of the year. The black box desdle drainfield area. Figures B1-B5 are
OWTS residential sites. Sites B1-B3 are intensitessSites B4-B9 are non-intensive sites. Sites
A5-A10 are CSS residential sites. Site B9 doesnubuide flow direction because there were not
enough piezometers to conduct a 3-point solutiawe¥er, it is estimated that groundwater
flows from 1002 to 1001. All maps are courtesy if €ounty Planning Department located in
Greenville, NC.

Eastern Pines Site: 100

Legend
® Well Location

ID Y X

100T 35.56707 -77.3091
101 35.56715 -77.30905
102 35.56713 -77.30892
103 35.56726 -77.30897
104 35.56735 -77.30905
105 35.56733 -77.30886
109 35.56744 -77.30879
108 35.56746 -77.30889
107 35.56748 -77.30897
106 35.56749 -77.30908
110 35.56736 -77.30894

0 4 8 16 Meters
I

N (((IsittCou nty

Planning & Development

] Map Produced By:

Pitt County Planning Department

SUStudy, jous_surface.mxd

Figure B1. Site 100 residential map showing piezometer netvamik flow direction.



Eastern Pines Site: 200

Legend

® Well Location

ID Y X

211 35.56743 -77.30951
210 35.56749 -77.30952
208 35.56752 -77.30949
209 35.56747 -77.30945
207 35.56748 -77.30941
206 35.56753 -77.3094
205 35.56755 -77.30931
212 35.56751 -77.3093
213 35.56762 -77.30932
204 35.56766 -77.30958
202 35.56766 -77.30948
203 35.5677 -77.30956
201 35.56779 -77.3097
200T  35.56776 -77.30945

0 4 8 16 Meters

Map Produced By:
Pitt County Planning Department

3 T\GIS\Special_Projects\Drainage\ECUStudy_EastemPinesimpervious_surface.mxd

Figure B2. Site 200 residential ma showing piezometer netvaoik flow direction.

118



Figure B3. Site 300 residential map showing piezometer netvamik flow direction.

TL'

Eastern Pines Site: 300

Legend
@ ‘Well Location
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Eastern Pines Site: 400

Legend

® Well Location

1D b X
4007 3556557 | -77.30524
401 3556561 | -77.30921
402 3556574 | -77.30512
403 35.56555 | -77.30888

Eastern Pines Site: 500

Legend

® Well Location

ID Y X

502 35.56851 -77.30518
501 35.56867 -77.30512
503 35.56856 -77.30534

0 4 8 16 Meters
I

v (@ittCounty

Map Produced By:
Pitt County Planning Department

F TIGIS\Special_Projocts\Drainage\ECUStucy_EastomPinesmpenvious_surface mud

Figure B5. Site 500 residential map showig piezometer netvaoik flow direction.
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i Y X

601 35.558965 | 77 36782
602 35.55964 | -FTT. 36756
603 35.55949 | TT.367T6
iD i X

703 35.55897 | -T7T.36748
T2 35.56012 | 7736745
701 A5.56017 | -F7. 36766

Aerial image Source - January 2009

(@PittCounty

0 4 & 16

e ctors

TIGiSiSpeclal Projecis\Dainage ECUSiudy_FireToweriireiowerdralrage. maxd

Figure B6. Site 600 and site 700 residential map showing miester network and flow direction.
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802 35.56507 | -T7.36752

@it ounty

Aenal Image Source - January 2009
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Figure B7. Site 800 residential map showing piezometer netvaoik flow direction.
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Fire Tower Well Locations: FT900

037545 15
D Y X e \lelers
801 35.57195 | -77.37302
902 3557192 | 7737281
903 3557158 | -77.37279
g

o i P )
@& Pitt_ounty " @ .
[Tty - "b, i

Aerial image Source - January 20059

TAGISISpectal_Projecis\Drainage ECU Sty FireTowerfiratowerdrainage mod

Figure B8. Site 900 residential map showing piezometer ndtaod flow direction.
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1002

35.56273

-7 36829

1081

35. 56262

~TT3BE1T

PittCounty

Arrial image Scurce - January 2008

TR Geesl PrvacisDiaiasn' L LS sy FenTownr Fralossrdoenagn. md

Figure B9. Site 1000 residential map showing piezometer ndéwelow direction was not determined from lack of

installed piezometers, it is inferred to travelnir@002 to 1001.
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APPENDIX C: GROUNDWATER SOILS DATA

Particle size distribution is shown for sites 18fbtigh 500 in the table below. Particle size disifion was not conducted on CSS
soil samples. The tables following particle sizetabution show the soil texture, matrix and matt{é present) color, cation
exchange capacity (CEC), pH, and ion species addbncentrations (P, K, Ca, Mg, Mn, Zn, Cu, S) fda each site.

Sand Silt Clay USDA
Sample D % % % Class,
103 68.9 6.4 24.6 sandy clay loam
203 65.3 10.0 24.7 sandy clay loam
301 49.4 15.3 35.3 sandy clay
400 66.2 7.9 25.9 sandy clay loam
502 77.6 5.2 17.3 sandy loam




Site 100

WELL

#

101A
101B
101C
101D
101E
101F

102A
102B
102C
102D

103A
103B
103C
103D

103E

103F
103G

104A

104B
104C

104D
104E

105A
105B
105C
105D

106A
106B
106C

DEPTH
(IN)
0-30IN
30-40
40-48
48-57
57-61
61-94

0-21

21-27
27-34
34-66

0-15

15-17
17-25
25-27

27-47

47-53
53-66+

0-8

8-28IN
28-34

34-45
WATER
TABLE

0-8
8-24in
24-39
39-

0-23
23-42
42-61

SOIL TEXTURE
SANDY LOAM
SANDY LOAM
SANDY LOAM
SILT LOAM
SILTY CLAY
SILTY CLAY

SANDY LOAM
SANDY LOAM
SANDY CLAY LOAM
SANDY CLAY

SANDY LOAM
SANDY CLAY LOAM
SILT LOAM

SANDY LOAM
SANDY LOAM (MORE
ORGANIC MATTER)
SANDY LOAM (HIT
THE WATER TABLE)

SANDY CLAY

SANDY LOAM (MORE

ORGANIC)

SANDY LOAM

(WHITISH COLOR)
SANDY LOAM

SANDY CLAY LOAM

(DARK)

?

SANDY LOAM
SANDY LOAM
SANDY LOAM
SANDY LOAM

SANDY LOAM
SANDY
SILTY CLAY

MATRIX
10YR4/2
2.5Y7/6
10YR7/6
2.5Y6/1
2.5Y7/12
2.5Y7/6

2.5Y7/2

10YR4/2
10YR6/1
2.5Y7/6
2.5Y7/6
2.5Y7/1

10YR3/2
10YR5/6
10YR3/1
10YR6/1

MOT1

10YR6/1

7.5YR2.5/1

10YR4/3
10YR5/8

10YR3/2

10YR6/2
10YR6/1

2.5Y2.5/1

?

10yr3/1
10yr4/2
10yr4/1
10yr7/1

10YR3/2
2.5Y6/4
2.5Y2.5/1

CEC

5.4

2.2
2.2

11

pH

6
55
4.7
4.6
4.5
4.6

5.9

4.8

5.6
5.4

5.2

5.9
5.6
5.2

5.6

221
92

90

41
52

134

168
177
103

177
110
91

49
79

35

74

17

11
22

112

57
37

48

31

70

51
41

57

Mg

©CoNoR©

14
15

14

14
16

18

17

11

13

11
9
8

11

13

15
15

Mn Zn Cu S Na
61 253 125 26 0.1
01 18 25 60 0.4
12 23 15 169 0.2
19 30 20 150 0.1
7 51 15 113 0.1
6 71 42 114 0.1
46 816 135 29 0.1
12 93 80 29 0.1
9 20 15 95 0.2
8 12 10 131 0.1
75 170 109 56 0.1
22 185 441 83 0.4
36 202 73 101 0.2
12 34 52 60 0.3
44 129 73 29 2 0.
19 45 36 31 0.1
12 62 25 51 0.1
70 630 28 112 0.4
66 203 153 43 0.1
44 167 75 32 0.1
22 74 36 77 0.1
13 32 37 52 0.1
53 146 64 43 0.1
18 6753 30 0.1
55 93 14 101 0.2
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WELL DEPTH

# (IN) SOIL TEXTURE MATRIX MOT1 MOT2 CEC pH P K Ca Mg Mn Zn Cu S Na

107A 0-24 SANDY LOAM 10YR3/2 3.4 5.7 65 29 49 13 30 80 30 20 0.1

107B 21-47 SILTY CLAY LOAM 2.5Y2.5/1 4.9 4.9 44 22 22 6 24 103 5 50 0.1

107C 47-66 SANDY CLAY LOAM 2.5Y7/1 4.8 4.6 82 20 25 9 23 43 6 40 0.1

108A 0-6 SANDY LOAM 10YR5/1 8.8 58 188 70 53 23 48 203 53 26 0.1

108B 6-18IN SANDY LOAM 10YRG6/2 3.8 6.1 106 33 56 18 17 59 47 23 0.1

108C 18-32 SILTY CLAY LOAM 2.5Y2.5/1 7.2 5 60 157 52 15 27 545 4 114 0.5

108D 32-55 SILTY CLAY LOAM 2.5Y2.5/1 8 5.3 71 91 46 7 69 974 3 93 0.3

109A 0-12 SANDY LOAM 10YR4/3 8.3 6 263 39 70 14 51 289 115 39 0.1

1098 12-24IN  CLAY LOAM 10YR4/2 9.9 56 146 83 56 20 34 101 68 62 0.1

109C 24-67 SILTY CLAY 2.5Y2.5/1  2.5Y7/5 9.5 53 113 77 54 19 43 114 24 194 0.2

Site 200
WELL DEPTH
# (IN) SOIL TEXTURE MATRIX MOT1 MOT2 CEC pH P K Ca Mg Mn Zn Cu S Na
201A 0-12 LOAMY SANDY 2.5Y4/3 3 5 89 21 37 7 16 146 11 25 0.1
201B 12-24 LOAMY SANDY 2.5Y6/4 1.9 5.9 10 11 71 7 6 15 6 20 0.1
201C 24-40 SANDY CLAY 10YR5/6 4.5 4.8 2 16 51 4 3 01 5 146 0.1
201D 40-60 SANDY CLAY 10YR5/4 3.8 5 3 27 23 10 2 7 10 106 0.3
201E 60-+ SANDY LOAM 10YR6/6 2.7 5.1 2 26 22 9 3 7 15 44 0.2
202A 0-17 SANDY LOAM 10YRA4/2 5.3 5.7 50 17 61 7 15 44 29 30 0.4
LOAM; SILTY CLAY
202B 17-21 LOAM 10YR2/1 4.2 6.1 34 30 43 5 19 22 5 22 g.9
202C 21-36 SANDY LOAM 2.5Y5/2 2.1 6.2 30 33 37 8 10 17 20 28 0.4
10YR5/6
202D 36-+ SANDY CLAY WET 10YR6/2 3.8 5.1 7 56 29 15 12 12 18 87 v
202A 3.9 55 106 19 48 6 12 145 22 29 0.2
202B 3.2 53 160 18 41 6 7 167 36 61 0.3
202C 21 56 143 9 42 10 6 146 56 30 0.2
202D 4 4.6 94 11 37 7 13 103 11 174 D2
203A 0-6 SANDY LOAM 10YR4/2 7.3 5.7 25 17 64 12 35 148 72 23 0.4
203B 6-14 SANDY LOAM 10YR4/3 35 6 25 18 55 11 27 15 21 24 0.7
203C 14-21 SANDY LOAM 2.5Y4/1 25 6.3 32 20 47 6 16 25 14 20 0.6
203D 21-26 SANDY LOAM 2.5Y5/3 1.6 6.3 65 22 58 10 31 14 21 21 0.4
203E 26-50 SANDY CLAY 2.5Y5/2 2.9 6 5 69 54 14 22 61 18 13 0.7
GLEY1-

203F 50+ SANDY LOAM 62 2.7 5.8 46 39 47 25 20 13 14 21 Q.5
204A 0-12 SANDY LOAM 2.5Y3/2 5.4 5.9 76 21 62 10 26 109 29 21 0.2
204B 12-24 SANDY LOAM 2.5Y3/1 3.6 5.9 59 37 50 9 17 45 22 40 0.4
204C 24-38 SANDY CLAY LOAM 10YR5/4 35 5.5 3 69 28 10 15 28 16 53 0.8
204D 38-+ SANDY CLAY LOAM 2.5Y5/1 4 5.5 5 54 28 13 14 25 22 47 0.8
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WELL

205A
205B
205C
205D

206A
206B
206C
206D

207A
207B
207C

208A
208B

208C
209A

209B

209C
209D

210A

210B
210C

211A
211B
211C
211D

212A
212B
212C
212D
213A
213B
213C
213D
213E

DEPTH
(IN)
0-18
18-25
25-33
33-48+

0-18
18-26
26-35
35-48+

0-18
18-24
24-36+

0-13
13-23

23-36+
0-18

18-27

27-37
37-+

0-12

12-24
24-36+

0-12
12-24
24-35
35-44+

0-12
12-18
18-35
35-48+
0-6
6-18
18-24
24-36
36-+

SOIL TEXTURE
SANDY LOAM
SANDY LOAM
SANDY LOAM
SANDY CLAY LOAM

SANDY LOAM
SANDY LOAM
CLAY LOAM
CLAY

SANDY LOAM
SANDY CLAY
SANDY CLAY

LOAM
CLAY LOAM

CLAY

SANDY LOAM
SANDY LOAM
OXIDIZED ROOT ZONE
(7.5YR3/4)

LOAMY SAND/SANDY
LOAM

CLAY

SANDY LOAM

CLAY (OXIDIZED

ROOT ZONE 10YR3/6)
CLAY

SANDY LOAM
SANDY LOAM
CLAY
CLAY

SANDY LOAM
SANDY LOAM
SANDY LOAM
SANDY CLAY LOAM
SANDY LOAM
LOAMY SAND
SANDY LOAM
SANDY LOAM
CLAY LOAMY

MATRIX MOT1

10YRA4/3
10YR3/2
10YRA4/2
10YR3/1

10YR3/2
10YR4/2
10YR2/1
10YR2/1

10YR3/2
10YR2/1
10YR3/1

10YR3/2

10YR3/1
10YR3/4
ROOT
CHEMLS
7.5YR2.5/
1

10YR4/2

10YR3/2

2.5Y4/2
2.5Y2.5/1

10YRA4/2

10YR3/2
10YR2/1

10YR5/3
10YR4/2
10YR3/2
10YR3/1

10YR4/3
10YR3/3
10YR4/3
10YR3/2
10YR3/2
10YR5/2
10YR3/2
10YR3/2
10YR2/2

MOT2 CEC

7.5
7.9

8.2
6.9

8.6
7.1

6.3

3.2
6.2

pH

5.3
5.4

4.5
55

5.8

4.7
4.9

86
157
112

98

170
151

96
106

140

111
121

118
138
205

114
146
143
95

40
35

44
32

12

Ca

64
56

46
66

73

53
41

Mg

10

11

~ DN ::000100

49
33

59

4

3

25

16

15

16

Zn Cu
181 43
192 59
168 37
140 30
273 5 4
214 78
266 18
207 54
226 33
168 45
213 14
192 36
207 47
123 40
724 671
168 123
158 75
106 100
85 31

S Na
36 0.1
46 0.2
111 0.3
141 0.3
99 0.4
67 0.4
604 0.5
105 0.6

510.1

221 0.

138 0.1

35 0
39 0.1

88 0.2
253 0.2
78 0.1
57 0.2
38 0.2
101 0.3
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Site 300

WELL

300A
300B

300C
300D
300E

301A
301B
301C
301D
301E
301F
301G
301H

302A
302B
302C
302D
302E

303A
303B
303C
303D
303E

304A
304B
304C
304D
304E
305A
305B
305C
305D

305E
305F
306A
306B
306C
306D
306E

DEPTH
(IN)

0-14
14-25

25-38
38-68
68+

0-9
9-15
15-24
24-30
30-42
42-52
52-67
67-+

0-4
4-22
22-34
34-46
46-64

9-28
28-38
38-50
50-+

0-15
15-30
30-40
40-50
50-60+
0-10
10-20
20-28
28-46

46-51
51-60+
0-26
26-38
38-50+

SOIL TEXTURE

SANDY LOAM
SANDY LOAM
SANDY CLAY
LOAM/SANDY CLAY
SANDY CLAY LOAM
SANDY LOAM

SANDY LOAM
CLAY
CLAY
CLAY
SANDY CLAY
SANDY CLAY
SANDY CLAY
SANDY CLAY

SANDY LOAM

CLAY

CLAY

SANDY CLAY
SANDY CLAY LOAM

SANDY LOAM
SANDY CLAY
SANDY CLAY
SANDY CLAY
LOAMY SAND

CLAY

CLAY

CLAY

LOAMY SAND
LOAMY SAND
SANDY LOAM
SANDY CLAY LOAM
SANDY CLAY
SANDY CLAY LOAM

SANDY LOAM
LOAMY SANDY
CLAY
SANDY CLAY LOAM
SANDY LOAM

MATRIX

10YR4/3
10YR3/2

10YR5/6
10YR6/2
GLEYL 4/N

10YRA4/3
10YR5/4
10YR5/4
10YR5/32
10YR5/2
10YR5/6
2.5Y5/6
6/10Y GLEY 1

2.5Y4/2
2.5Y4/3
2.5Y4/3
2.5Y5/4
2.5Y6/1

2.5Y4/3

10YR5/4
10YR5/4
10YR4/3
10YR6/8

MOT1

10YR6/2
10YR5/6

7.5YR5/8
7.5YR5/8

10YR 6/2

2.5Y5/2
2.5Y5/2

10YS5/2
10YR6/1
10YR 6/1

MOT2

7.5YR6/1 19
10YR6/1

10YR5/8

10YR5/6
10YR5/6

2.5Y5/3CONCENTRATIONS

2.5Y4/3
2.5Y5/2
2.5Y 6/1
2.4Y 6/8
10YR4/3
10YR5/4
10YR5/4
2.5Y6/8
2.5Y6/8 5/2
2.5/8
MOTTLES
2.5Y6/8
2.5Y5/4

2.5YR6/2
2.5Y4/3

10YR5/2
2.5Y5/2

2.5Y5/2

2.5YR5/2
2.5Y6/2

5YR5/8
2.5Y5/8

2.5Y5/8

2.5Y5/6 MOTTLES +CONCENRATED
2.5Y6/6 MOTLES+CONCENTRATED

CEC

54
6.9

9.9

pH

54
53

4.5

2.6
5.7
4.9

5.4

P K
248 17
75 16
1 22
2 33
2 24
85 12
1 24
1 18
1 18
1 24
230 22
6 19
5 19
17 35
10 29
70 9
1 16
0 15
2 17
0o 7
5 16
2 17
33 35
19 41
3 27

Zn
14 83
10 35
3 15
8 30
36 52
9 20
2 5
2 5
2 6
2 7
14 85
3 15
9 8
8 10
17 14
10 28
2 10
2 8
2 13
2 11
3 6
6 5
15 6
9 7
4 6

Cu

30
25

15

19

oNo gk

25
31

151
290
3279

37
118
177
187

79

o
o

o
o)
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WELL DEPTH

# (IN) SOIL TEXTURE MATRIX MOT1 MOT2 CEC pH P K Ca Mg Mn Zn Cu S Na

307A 0-15 SANDY LOAM 10YRA4/3

307B 15-27 SANDY CLAY 10YR5/4

307C 27-38 SANDY CLAY LOAM

307D 38-50+ LOAMY SAND 10YR6/8

308A 0-23 SANDY LOAM 10YR4/3

308B 23-35 SANDY LOAM 10YR3/3

308C 35-48 SANDY CLAY 10YR4/3 10YR5/8 10YR6/1

308D 48-60+ SANDY CLAY 10YR6/1 10YR5/8 51 5 5 11 52 16 2 12 15 96 04

308E 4 4.8 7 29 37 10 7 24 28 143 2

309A 0-36 SANDY LOAM 10YR3/2

3098 36-65 LOAMY 10YR2/1

310A 0-9 SANDY LOAM 10YR4/2

310B 9-30 SANDY LOAM 10YR3/3

310C 30-36 LOAMY SANDY 10YR6/2

310D 36-48+ SANDY LOAM 10YR6/8 10YRG6/2

311A 0-18 SANDY LOAM 10YRA4/3

311B 18-29 CLAY 10YR4/3 10YRA4/2 10YR5/6 4.6 55 35 8 58 12 3 26 29 42 0.1

311C 29-36 SANDY CLAY LOAM  10YRA4/3 2.6 4.9 7 14 30 12 4 18 18 86 01

311D 36-50 SANDY CLAY LOAM  10yr5/6 51 4.5 1 21 23 7 4 8 14 202 on

311E 50-60+ CLAY 10YR5/67? 6.9 4.6 5 45 37 15 76 26 46 93 0.1

Site 400

WELL DEPTH
# (IN) SOIL TEXTURE MATRIX MOT1 MOT2 CEC pH P K Ca Mg Mn Zn Cu S Na
401A 0-16 SANDY LOAM 2.5Y5/4 3.9 54 316 36 53 10 04 171 185 28 0.1
401B 16-36 SANDY CLAY LOAM  10YR5/6 10YR5/8 5.2 51 6 90 29 10 4 22 32 256 0.4
401C 36-50+ SANDY CLAY 10YR6/2 10YR 5/6 4.2 5.8 1587 41 16 6 16 15 43
402A 0-12 SANDY LOAM 2.5Y4/3 4.7 55 583 39 58 66 435 330 26 0.1
402B 12-23 SANDY LOAM 2.5Y5/4 3 59 404 19 64 6 64 273 290 19 0.1
402C 23-36 SANDY CLAY LOAM  10YR5/4 10YRG6/2 4.3 6 44 61 59 13 16 18 80 35 0.7
402D 36-60 SANDY CLAY 10YR5/3 10YRG6/2 3.8 55 8 06 38 14 6 13 20 95 0.4
402E 60-84 SANDY CLAY 10YR7/1 10YR6/8 M 5.3 1 76 20 11 10 10 120 0.6
402F 84-120 SANDY LOAM 2.5Y8/1 1.9 4.9 3 22 15 8 2 8 15 117 0.2
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Site 500

DEPTH
WELL#  (IN) SOIL TEXTURE MATRIX MOT1 MOT2 CEC pH P K Ca Mg Mn Zn Cu S Na
501A 0-12 SANDY LOAM 10YR4/4 46 51 18 31 34 14 315 15 36 0.1
501B 12-18 SANDY CLAY LOAM  25YR7/3  10YR6/8 43 5 324 29 13 3 8 5 63 0.1
501C 18-26 SANDY CLAY LOAM  10YR6/1  10YR7/6 35 5 320 24 11 2 5 5 54 0.1
501D 26-36 LOAMY SANDY 10YR6/1 2 61 19 30 43 18 4 8 10 27 03
501E 36-END  SANDY LOAM 10YR6/1 14 59 22 23 48 17 6 7 8 22 02
WL--->4
503A 0-36 SANDY LOAM 10YR3/2 48 53 59 25 47 11 1445 40 29 0.1
503B 36-END  SANDY LOAM 2.5YR2/1 38 61 21 19 25 7 8 16 21 22 04
WL-->3
Site 600
WELL DEPTH
# (IN) SOIL TEXTURE MATRIX MOT1 MOT2 CEC pH P K Ca Mg Mn Zn Cu S Na
601A  0-7 SANDY CLAY LOAM  10YR5/4 127 74 31 18 945 48 30 27 32 0.l
601B  7-15 SANDY CLAY LOAM  10YR5/6 5. 52 3 16 67 01 11 16 16 124 O
601C  15-28 SANDY CLAY 2.5Y5/3 65 5 52 28 36 8 34206 6 49 0O
601D  28-54 LOAMY 10YR2/1 36 47 1 12 23 8 9 17 15122 0
601E  54-65 SANDY LOAM 10YR4/1 28 5 18 5 40 8 3 1111 18 0
603A  0-11 SANDY LOAM 10YR4/2 25 51 25 12 35 9 6 33 5 17 01
6038 11-32 SANDY LOAM 10YR4/2 21 52 12 11 51 9 8 18 5 16 0.1
603C  32-76 LOAMY SANDY 10YR6/2 22 53 14 13 60 1014 18 5 24 01
603D 76-+ LOAMY SANDY 10YR7/1
Site 700
DEPTH
well # (IN) SOIL TEXTURE MATRIX ~MOT1 MOT2 CEC pH P K Ca Mg Mn 2Zn Cu S Na
701A 0-53 TOP SOIL (SL) 10YR6/1 45 52 44 27 40 1226 48 5 50 O
701B 53-65 LOAMY SANDY 102.5Y2.5/1 3.2 5 28 12 25 61 3 8 5 21 0
701C 65-83 CLAY 10YR3/2 57 44 8 8 32 10 3 8 5 6301
701D 83-107  LOAMY SANDY 10YR7/1  10YR2/1 19 43 107 37 11 4 15 5 116 0.
701E 107-END  SANDY CLAY LOAMY  10YR4/2 44 4 10 13 94 10 7 20 11 451 0.1
W.T--> 8.4FT
702A 0-27 MOTTLE, TOP SOIL (SL) 44 46 77 28 13 5 5 30 10 41
702B 27-54 SANDY LOAM 10YR2/1 34 46 15 15 20 6 215 15 24 01
702C 54-68 SANDY 10YR7/1 26 42 7 7 44 10 5 23 10173 0.1
702D 68-END  SANDY 10YR6/1 25 63 9 14 79 15 12 1720 33 0.1
W.T--> 6.1FT
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Site 800

DEPTH
WELL # SOIL TEXTURE MATRIX MOT1 MOT2 CEC pH P K Ca Mg Mn Cu S Na
801A 0-6 TOP SOIL (SLIGHTLY SL) 10YR6/9
801B 6-24 SANDY LOAM 10YR6/9 1.8 49 1 11 18 8 3 1727 52 01
801C 24-END LOAMY SAND 10YR7/1 12 46 1 5 23 10 2 12 11 45 0
W.L--->2FT
Site 900
WELL # DEPTH (IN)  SOIL TEXTURE MATRIX MOT1 MOT2 CEC pH P K Ca Mg Mn Zn Cu S Na
901A 0-20 TOP SOIL (L) 2.5YR6/1 6.1 46 62 15 23 7 10 33 27 30 0.1
901B 20-31 SANDY CLAY LOAM  7.5YR5/8  7.5YR5/1 4 45 8 8 31 5 4 13 10 85 0.1
901C 31-51 SANDY CLAY LOAM  7.5YR5/8  10YRA4/1 4.7 45 14 6 44 5 10 26 11 74 0.1
901D 51-68 SANDY CLAY LOAM  2.5YR8/1  7.5YR5/8 10YR®/ 2.9 4.4 0 6 10 5 1 8 10 39 011
901E 68-88 SANDY CLAY LOAM  25YR8/1  10YR5/1 4.8 4.4 4 11 36 5 4 14 15 63 0.1
901F 88-108 SANDY CLAY LOAM  2.5YR8/1  7.5YR5/8 10YRG 4.6 4.5 1 26 11 7 4 16 19 48 0j1
901G 108-END CLAY 10YRA4/2 7.5 4.2 3 63 17 11 18 20 64 82 0.2
WL-->9FT
902A 0-60 LOAMY SANDY 10YR7/1 10YRG6/6 10YR4/2 5 45 3 22 13 7 7 18 20 46 2
902B 60-BOTTOM  CLAY 10YR7/1 10YRA4/2 51 4.5 1 43 2514 10 15 118 27 0.7
WL-->5
Site 1000
WELL # DEPTH (IN) SOIL TEXTURE MATRIX MOT1 MOT2 CEC pH P K Ca Mg Mn Zn Cu S Na
1001 A 0-8 SANDY LOAM 10YR 6/1 35 47 11 14 31 7 83 67 22 68 0
8-16" SANDY LOAM 2.5Y 4/2 3.7 41 13 11 16 2 1 14 6 37 0
16-48" SANDY LOAM 2.5Y3/2 4.1 41 95 10 6 2 1 11 17 51 0
48-84 SANDY CLAY LOAM 10YR4/1 7.5YR3/2 4.5 4.3 0 12 8 2 6 24 9 105 D
84-96 SANDY LOAM 7.5YR 3/2 2 4.5 3 5 19 5 3 13 11 61 0
96-108 SANDY LOAM 2.5Y 5/2 34 41 10 18 37 10 15 71 31 228 0
WT96"
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APPENDIX D: FLOW METER VS. FLOATING OBJECT METHOD ATASET

Flow meter vs. floating object method at each ef@hprimary watersheds and FT-O (used as a
check for FT-1 and FT-2), the calculated correctemtors were applied to baseflow and storm
flow velocities to correct for floating object metfs overestimation of flow. FT-2 streambed
was not uniform similar to the other 5 watershddweerefore, there were 4 tests conducted within
the same stream. Each of these tests occurredxapgately within 3 m of each other. W= width,
D= depth, Q= discharge, V= velocity, Diff.= differee, AVG= average, STDV= standard
deviation, CF= correction factor.

FT-O
Float Q Q
Stream| Stream| Method | Flow Meter Float | Flow | V Diff. | Q Diff.
Trial # | W (ft) | D (ft) (ft/s) (ft/s) (cfs) | (cfs) | % %
1 6.7 0.65 0.33 0.24 1.43 1.04 27.4% 27.4%
2 6.7 0.65 0.29 0.23 1.25 1.00 198% 19.8%
3 6.7 0.65 0.27 0.22 1.19 096 19.7% 19./%
4 6.7 0.65 0.32 0.25 1.40 1.09 223% 223%
5 6.7 0.65 0.31 0.25 1.33 1.09 182% 182%
6 6.7 0.65 0.26 0.24 1.15 1.04 9.2% 9.2%
7 6.7 0.65 0.25 0.23 1.08 1.00 7.4% 7.4%
8 6.7 0.65 0.25 0.24 1.10 1.04 5.3% 5.83%
9 6.7 0.65 0.23 0.22 0.99 0.96 3.7% 3.7%
10 6.7 0.65 0.20 0.22 0.86 096 11.2% 11.2%
AVG: 0.27 0.23 1.18 1.02 144% 14.4%
STDV: 0.04 0.01 0.18 0.05
CF: 0.86 AVG Q/w/CF: 1.02
FT-1
Float Q Q
Stream| Stream| Method | Flow Meter Float | Flow | V Diff. Q Diff.
Trial # | W (ft) | D (ft) (ft/s) (ft/s) (cfs) | (cfs) | % %
1 2.5 0.27 1.06 1.03 0.71 0.69 257% 2.5[/%
2 2.5 0.27 0.59 1.01 0.39 0.68 72.0% 72.0%
3 2.5 0.27 1.19 1.01 0.80 0.68 15.4% 15.4%
4 2.5 0.27 1.06 099 0.71 0.66 6.35% 6.36%
5 2.5 0.27 1.03 1.02 0.69 0.68 0.76% 0.76%
6 2.5 0.27 1.32 0.93 0.89 0.62 29.6% 29.6%
7 2.5 0.27 0.88 0.97 0.59 0.65 10.1% 10.1%
8 2.5 0.27 0.93 1.00 0.62 0.67 8.11% 8.11%
9 2.5 0.27 1.28 1.09 0.85 0.73 14.6% 14.6%
10 2.5 0.27 1.48 1.01 0.99 0.68 31.8% 31.8%
AVG: 1.08 1.01 0.72 0.67 6.90% 6.90%
STDV: 0.25 0.04 0.17 0.03
CF: 0.93 AVG Q/w/CF: 0.67




FT-2
Float Flow Q
Stream | Stream| Method | Meter Flow | V Diff. | Q Diff.
Trial # W (ft) | D (ft) (ft/s) (ft/'s) | Q Float (cfs) | (cfs) | % %
1 2.9 0.46 0.97 0.34 129 045 65.1% 65.1%
2 2.9 0.46 0.95 0.33 126 044 652% 65.2%
3 2.9 0.46 1.03 0.36 136 048 65.0% 65.0%
4 2.9 0.46 1.06 0.36 140 048 65.9% 65.9%
o 5 2.9 0.46 0.88 0.37 117 049 58.0% 58.0%
fA’\ 6 2.9 0.46 0.84 0.37 111 049 56.0% 56.0%
7 2.9 0.46 0.88 0.38 1.17 050 56.9% 56.0%
8 2.9 0.46 0.86 0.36 1.14 048 58.2% 58.2%
9 2.9 0.46 0.90 0.37 120 049 59.0% 59.0%
N 10 2.9 0.46 0.90 0.39 120 052 56.8% 56.8%
1 2 0.38 0.97 0.52 0.73 0.39 46.6% 46.6%
2 2 0.38 0.86 0.50 0.65 0.38 41.9% 41.9%
3 2 0.38 0.98 0.52 0.73 0.39 46.9% 46.9%
4 2 0.38 1.00 0.49 0.75 0.37 51.0% 51.0%
o 5 2 0.38 1.00 0.48 0.75 0.36 52.0% 52.0%
‘fr’\ 6 2 0.38 1.19 0.50 0.90 0.38 58.1% 58.1%
7 2 0.38 1.32 0.55 0.99 041 584% 58.4%
8 2 0.38 1.32 0.51 0.99 0.38 61.4% 61.4%
9 2 0.38 1.03 0.47 0.77 035 54.3% 54.83%
N 10 2 0.38 1.19 0.47 090 0.35 60.6% 60.6%
1 1 0.35 1.28 1.39 0.45 0.49 8% 8%
2 1 0.35 1.19 1.47 0.42 0.51 23% 23%
3 1 0.35 1.61 1.68 0.56 0.59 4% 4%
o 4 1 0.35 1.54 1.53 0.54 0.54 1% 1%
“ 5 1 035 1.28 0.45
6 1 0.35 1.76 0.62
7 1 0.35 1.54 0.54
N 8 1 0.35 1.16 0.40
1 1 0.35 1.61 1.39 0.56 0.49 14% 14%
- 2 1 0.35 1.40 1.47 0.49 0.51 5% 5%
& 3 1 0.35 1.54 1.68 0.54 0.59 9% 9%
~ 4 1 0.35 1.54 1.53 0.54 0.54 1% 1%
5 1 0.35 1.48 0.52
AVG1: 0.93 0.36 1.23 0.48 61% 61%
STDV1: 0.07 0.02 0.10 0.02 4% 4%
CF1: 0.39 AVG QwCF 048
AVG2: 1.09 0.50 0.82 0.38 53% 53%
STDV2: 0.16 0.03 0.12 0.02 7% ™
CF2: 0.46 AVGQwCF 0.38
AVG3: 1.42 1.52 0.50 0.53 9% 9%
STDV3: 0.22 0.12 0.08 0.04 10% 106
CF3: 1.07 AVGQwCF 0.53
AVG4: 151 1.52 0.53 0.53 7% 7%
STDV4: 0.08 0.12 0.03 0.04 5% 5%
CF4: 1.00 AVGQwCF 0.53
AVG CF: 0.73
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MHB

3%
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1%
1%
1%
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3%

5%

2%

.0%

.5

6%
7%
0%
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0%
9%
7%
8%
3%
9%

Float Q Q
Stream| Stream| Method | Flow Meter Float | Flow | V Diff. Q Diff.
Trial # | W (ft) | D (ft) (ft/s) (ft/s) (cfs) | (cfs) | % %
1 6 0.21 0.95 069 1.20 0.87 27.3% 27.
2 6 0.21 0.62 071 0.78 0.90 15.1% 15.
3 6 0.21 0.63 068 0.79 0.86 8.4% 8.4
4 6 0.21 0.79 069 1.00 0.87 12.4% 12.
5 6 0.21 0.70 0.72 0.88 0.91 3.1% 3.]
6 6 0.21 0.67 069 0.85 0.87 2.6% 2.4
7 6 0.21 0.70 0.70 0.88 0.89 0.3% 0.
8 6 0.21 0.69 0.71 0.87 0.90 3.6% 3.4
9 6 0.21 0.71 0.71 090 0.90 0.2% 0.1
10 6 0.21 0.73 0.74 092 0.94 2.0% 2
AVG: 0.72 0.70 091 0.89 7.5% 7.5
STDV: 0.09 0.02 0.12 0.02
CF: 0.98 AVG Q/w/CF: 0.89
EP-O
Float Q Q
Stream | Stream| Method | Flow Meter Float | Flow | V Diff. | Q Diff.
Trial # | W (ft) | D (ft) (ft/s) (ft/s) (cfs) | (cfs) | % %
1 3.12 0.27 1.06 1.01 090 0.86 4.46% 4.4
2 3.12 0.27 1.09 1.02 092 087 6.27% 6.2
3 3.12 0.27 1.00 1.04 0.85 0.88 4.00% 4.0
4 3.12 0.27 1.19 1.06 1.01 0.90 11.2% 11.
5 3.12 0.27 1.00 1.04 0.85 0.88 4.00% 4.0
6 3.12 0.27 1.03 1.04 087 088 1.19% 1.1
7 3.12 0.27 0.90 1.08 0.77 092 19.7% 19.
8 3.12 0.27 0.90 1.00 0.77 0.85 10.8% 10.
9 3.12 0.27 1.03 1.01 087 086 1.73% 1.7
10 3.12 0.27 1.09 1.01 092 086 7.19% 7.1
AVG: 1.03 1.03 0.87 0.87 7.05% 7.05
STDV: 0.09 0.03 0.07 0.02
CF: 1.00 AVG Q/w/ CF: 0.87

%
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MILL
Float Q Q
Stream| Stream| Method | Flow Meter Float | Flow | V Diff. | Q Diff.
Trial # | W (ft) | D (ft) (ft/s) (ft/s) (cfs) | (cfs) | % %
1 1.7 0.42 1.54 1.15 1.11 083 254% 25.4%
2 1.7 0.42 1.37 1.32 0.98 0.95 3.7% 3.7%
3 1.7 0.42 1.09 129 0.78 093 185% 18.5%
4 1.7 0.42 1.16 1.15 0.83 0.83 0.5% 0.5%
5 1.7 0.42 1.32 121 095 0.87 8.4% 8.4%
6 1.7 0.42 1.28 131 092 0.94 2.7% 2.7%
7 1.7 0.42 1.42 124 1.02 089 129% 12.0%
8 1.7 0.42 1.42 124 1.02 089 129% 12.0%
9 1.7 0.42 1.23 1.23 0.89 0.88 0.3% 0.3%
10 1.7 0.42 1.54 129 111 093 16.3% 16.3%
AVG: 1.34 1.24 0.96 0.89 0.10 0.10
STDV: 0.15 0.06 0.11 0.04 0.08 0.08
CF: 0.93 AVG Qw/CF: 0.89
CHOK
Float Q Q Q
Method | Flow Meter Float Flow | V Diff. | Diff.
Trial # | (ft/s) (ft/s) (cfs) (cfs) | % %
1 2.59 2.37 124 1.14 8.6%  8.6%
2 3.18 2.42 153 1.16 23.9% 23.9%
3 3.04 2.5 1.46 1.20 17.9% 17.9%
4 3.33 2.43 1.60 1.17 27.1% 27.1%
5 3.50 2.48 1.68 1.19 29.1% 29.1%
6 2.92 2.42 140 1.16 17.0% 17.0%
7 3.50 2.45 1.68 1.18 30.0% 30.0%
8 3.18 2.28 153 1.09 283% 28.3%
9 3.18 2.42 153 1.16 23.9% 23.9%
10 3.33 2.49 1.60 1.20 25.3% 25.3%
AVG: 3.18 2.43 152 116 23.1% 23.1%
STDV: 0.28 0.06 0.13 0.03 0.067 0.067
CF: 0.76 AVG Q w/ CF: 1.16

CHOK sampling and discharge data were collecteggusiculvert, therefore stream W and D were nadnced.
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APPENDIX E: REPLICATES AND BLANKS DATA

Table E1. Surface and groundwater original and replicate Ml @ (mg/L) concentrations. Blank sample TN and
CI" concentrations are also shown.

Surface Water

Sample 1D Original TN Replicate TN ‘ Original Cl | Replicate Cl
0.42 0.36 11.47 11.36
FT-O 0.27 0.47 14.13 11.99
0.64 0.62 20.91 21.04
0.54 0.59 11.75 12.01
0.42 0.30 11.26 10.88
0.25 0.27 13.33 13.34
FT-1 0.76 0.81 8.26 8.46
1.45 1.23 5.42 3.88
0.73 0.62 12.82 13.45
FT-2 0.37 0.35 13.69 11.72
0.84 0.83 9.36 9.22
0.99 0.87 15.57 15.58
MHB 1.11 1.17 52.45 52.41
0.89 0.86 11.50 11.71
1.00 0.98 12.59 13.68
Bell 1.18 1.08 13.99 12.86
0.95 0.94 9.69 9.94
1.26 1.15 18.23 17.67
1.28 3.68 16.94 20.19
1.60 1.90 16.23 14.77
EP-O 1.71 1.42 14.82 14.93
1.32 1.12 14.47 13.76
1.34 1.19 13.05 13.30
1.08 0.89 16.32 17.84
EP-1 2.10 2.19 21.88 24.1Z
1.07 1.07 17.90 16.85
2.59 2.47 15.43 13.31
0.96 1.11 16.92 14.85
0.92 0.91 15.67 16.89
Mill 1.05 1.04 14.52 13.56
0.99 0.99 12.42 11.86
1.22 1.17 2.52 2.81
0.99 0.95 16.95 17.48
CHOK 1.35 1.33 14.48 14.4y
1.07 1.05 22.21 21.44
3.96 3.60 56.01 55.40
5.08 5.17 53.20 53.36
GUC-I 10.17 10.37 63.37 65.83
27.35 28.81 50.85 50.37
27.38 26.86 40.05 41.70
7.88 8.02 56.22 58.70
7.55 6.87 56.11 53.16
GUC-0 6.68 6.07 45.54 47.68
4.24 4.47 50.06 51.38
Average: 3.11 3.14 22.74 22.75
STDEV 5.80 5.88 16.92 17.29




Ground Water
Original Original
SamplelD | TDN Replicate TDN | CI Replicate Cl
802 0.19 0.18 7.29 7.79
803 0.35 0.31 7.27 7.87
800-stream 0.37 0.22 11.68 12.65
901 2.54 2.83 13.45 14.73
902 0.22 0.15 19.77 19.63
903 0.30 0.27 22.73 22.75
900-stream 0.14 0.21 11.51 10.64
1000 0.62 0.29 16.15 17.31
1001 0.69 0.35 17.22 11.35
101 4.57 4.69 11.24 10.88
110 5.25 5.24 12.88 12.40
201 6.97 6.77 18.16 19.66
204 13.26 13.04 23.71 23.94
302 9.14 8.58 28.82 31.78
402 34.54 32.03 25.59 24.22
101 6.38 5.79 16.74 16.08
110 15.49 15.57 31.99 35.63
201 7.74 7.71 23.67 21.37
204 12.69 12.60 32.36 33.39
302 1.52 1.60 33.60 30.47
Average 6.15 5.92 19.29 19.20
STDEV 8.29 7.84 8.23 8.5P
Blank Samples
Blank TN Conc Blank CiConc
0.07 0.05
0.12 0.72
0.15 0.05
0.06 0.55
0.07 0.05
0.07 0.05
0.07 0.05
0.11 0.05
0.13 0.95
0.07 0.05
Average 0.09 0.26
STDEV 0.03 0.35
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APPENDIX F: GROUNDWATER PHYSICAL AND CHEMICAL WATERQUALITY SUMMARY

sample | DTB | T2OM€te’ pTw | Temp. | EC L | Do Hzt::jnc NH, NO; | DKN cr TDN
Point (m) (m) (m) (°C) (uS/cm) P (mg/L) H)e/ra d (m) (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
101 2.49 13.7 112 19.9 137 589 0.85 12.6 021 237 039 128  4.15
102 2.33 13.7 1.05 201 137 589  2.65 12.6 023 743 041 125  4.86
103 5.1 43.4 239 208 235 593  2.40 12.5 565 110 692 244  7.69
104 1.78 12.9 059  20.4 238 603 3.66 12.3 170 904 213 278 225
105  2.23 13.0 0.60 205 338 618 3.88 12.4 286 604 473 152  4.98
106 2.42 12.3 073 196 942 584 247 11.6 130 160. 168 129  1.70
107-s  1.52 12.5 1.09 187 155  5.89  2.05 11.4 927 060 908 134 108
107-d  2.49 12.5 1.08 189 109 586 1.73 11.4 2.94 250 383 108  3.87
108-s  1.23 12.4 098 206 244 577  2.43 11.5 397 961 7.26 527 922
108-m  1.98 12.5 125 186 241 576  3.20 11.3 10.7 650 7.75 229 956
108-d  2.37 12.5 122 184 198 590  2.01 11.3 9.82 030 814 202 103
109-s  1.64 12.4 1.06  17.6 345 581  2.08 11.9 6.02 090 7.15 146  7.25
109-d  2.25 12.4 0.87  18.0 260 601  3.42 11.6 753 240 730 159  9.23
110-s  1.58 12.9 055 226 501 571  2.94 12.4 225 010 2059 502 235
110-d  2.46 12.9 052 203 381 621  3.07 12.4 847 340 772 222 896
100-pipe 18.1 206 633 7.58 0.15 358 053 146 14
100-tank 24.6 883  6.61 61.3 007 6252 853 63
201  2.93 13.5 1.61 191 247 624 261 11.9 048 847 086 162  6.69
202 1.46 13.0 074  19.4 603 594 217 12.3 306 9073030 783 316
203 272 13.3 1.28  19.7 872  6.08  2.33 12.0 478 9035381 964 550
204 231 13.0 115 183 641 596  2.56 11.8 9.44 713 940 294 124
205 251 12.0 0.47 182 720 574 204 11.5 1.87 060. 242 176  2.48
206 2.07 12.0 0.62 188 169 584  2.12 11.3 258 402 522 249 530
207-s  1.45 11.9 071 185 437 571  3.02 11.2 229 050 468 333 472
207-d 227 12.0 0.94 186 704 565 232 11.0 3.05 012 354 128  3.69
208-s  1.05 11.8 056 188 537 542  2.37 11.2 135 070 256 287  2.62
208-d  1.67 11.8 0.60 189 385 537 291 11.2 361 350 4.65 292 474
209-s  1.46 11.9 067 191 295 572 229 11.2 11.8 .030 1223 179  12.3
209-d  2.07 11.8 051  19.3 138 6.06  2.46 11.3 184 340 289 171  3.22
210-s  1.48 11.6 049 187 295 585  3.05 11.1 370 410 434 268 495
210-d  1.65 11.7 057  19.2 283 562 214 11.1 3.97 420 539 269 547
211 2.06 11.9 076  20.1 139 594 354 11.1 3.76 902 469 212 476
212-s  1.31 12.0 0.80  17.3 715 572 194 11.2 111 170 1295 529 131
212-d 213 12.1 059  17.9 141 592  2.05 11.5 760 250 801 155 815
213 212 12.2 096 167 150  5.93  1.99 11.3 254 002 305 145  3.42
100/200-stream 16.5 161 687 5.78 0.65 100 094 121 1.49




Sample| DTB El\e/illgltlion DTW | Temp. EC oH H;(-ic;;aﬂlic NH,4 NOs DKN cr TDN
Point (m) (m) (m) (°C) | (uS/cm) (mg/L) Head (m) (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
200-tank 17.9 1066 6.12 67.5 0.09 81.7 108 1.88
300BG 3.47 13.8 1.17 19.6 654 6.31 2.59 12.6 0.090.12 0.22 4.16 0.28
301 2.16 13.6 1.24 19.6 48.0 6.59 2.49 12.4 0.72 130. 2.00 9.69 2.14
302 2.39 13.6 111 19.5 220 6.22 3.68 12,5 115 86.5 1.89 30.2 9.81
303 251 13.5 1.18 19.1 149 6.02 2.57 12.6 0.10 034 0.39 20.5 4.4(
304 2.65 13.3 0.98 18.4 116 5.87 2.24 12.4 027 712 0.92 13.6 2.30
305 2.64 13.2 1.10 18.3 114 5.65 3.12 12.1 0.06 50.6 0.23 10.3 0.97
306 2.26 13.3 1.07 17.9 257 553 3.17 12.3 0.05 00.2 0.27 27.3 0.29
307 2.65 13.3 1.24 17.8 226 5.63 2.58 12.0 005 10.1 0.23 35.3 0.27
308 2.80 13.3 1.30 17.7 195 5.22 2.91 12.0 0.07 402 0.12 22.6 0.35
309 2.13 13.3 1.28 18.0 415 5.19 2.71 12.0 0.10 50.1 0.74 57.9 0.717
310 2.28 13.2 1.28 17.5 188 5.58 3.22 11.9 0.09 00.1 043 215 0.46
311 2.14 13.3 1.15 18.3 115 5.12 2.52 12.2 0.18 109 034 21.2 1.43
300-stream 11.9 164 6.39 4.74 1.72 0.54 2.30 27.9 84 2.
300-tank 18.2 611 5.81 42.4 0.55 39.2 45.0 443
401 4.24 16.7 2.86 19.7 262 5.90 2.84 13.8 081 179 1.60 28.8 9.14
402 4.05 16.5 2.68 20.2 379 6.19 3.11 13.8 141 822. 319 26.0 31.4
403 4.13 16.9 2.87 19.1 164 5.58 3.21 14.0 0.40 70.3 0.62 6.09 0.97
400-tank 231 567 6.18 1.30 33.8 0.08 32.9 60.9 B5.1
501 1.65 13.8 0.97 18.2 312 6.32 2.04 12.8 162 003 212 38.3 2.15
502 2.04 13.9 0.91 18.8 300 6.20 2.13 13.0 0.81 233 1.13 32.2 4.849
503 1.42 13.7 0.85 14.2 111 6.20 3.61 12.9 051 905 0.77 24.0 1.1d
601 2.21 14.0 2.07 19.4 156 6.28 2.38 11.9 0.38 403 1.35 12.0 1.54
602 1.66 12.5 1.34 20.3 153 6.52 2.28 11.2 025 505 1.19 20.3 1.3
603 2.56 12.9 1.59 19.7 148 6.37 291 11.3 0.17 504 061 20.5 0.75
701 2.99 14.0 2.29 19.3 221 5.44 1.95 11.8 050 30.2 1.42 18.6 1.53
702 2.87 13.3 2.09 19.7 133 5.30 4.00 11.2 040 402 1.62 17.5 1.81
703 2.77 13.4 2.20 20.0 110 5.67 2.54 11.2 023 60.2 0.64 14.4 0.8d
600/700-stream 19.7 93.2 5.93 7.10 0.16 0.44 0.26 44 8. 0.44
801 5.73 14.2 3.87 20.0 104 5.38 2.15 10.3 005 101 0.13 7.77 0.26
802 1.37 10.7 1.38 17.9 56.4 4.39 2.70 9.36 0.09 190. 0.10 6.84 0.14
803 1.39 10.8 1.40 18.4 70.2  4.37 3.07 9.36 0.08 16 0. 0.07 7.46 0.24
800-stream 17.7 785 5.34 5.32 0.48 1.03 0.23 10.6 .32 0
901 3.38 13.9 2.21 17.6 834 4384 221 11.6 144 110. 2.18 7.07 2.21
902 3.29 12.2 2.49 17.8 147  4.03 2.67 9.72 0.10 00.1 0.18 20.1 0.21
903 2.88 12.5 1.87 18.0 2009 2.83 2.49 10.6 0.13 200. 0.45 19.7 0.52
900-stream 18.9 65.0 5.43 5.84 0.08 0.01 0.17 11.0 .17 0
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Sample | DTB EIZY/thIion DTW | Temp.| EC on | DO H)L‘;g”(: NH, | NO; | DKN cr TDN

Point (m) (m) (m) (°C) | (uS/cm) (mg/L) Head (m) (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
1001 3.64 13.7 3.04 20.6 73.8 5.88 2.90 10.9 0.37 .040 1.06 8.73 1.09
1002 3.72 13.3 2.97 21.0 128 541 2.50 10.4 0.54 040. 0.96 9.30 1.00
1000-stream 20.4 117 6.15 5.70 0.21 0.03 0.16 10.9 .24 0
OWTS GW 2.28 13.6 1.07 18.9 264 5.86 2.62 12.0 4,92 1.44 5.55 25.8 7.37
CSSGW 2.70 12.1 2.05 18.0 239 4.85 2.45 10.0 0.320.20 0.80 12.7 0.90
OWTS T 21.0 781 6.18 1.30 51.3 0.20 54.1 74.8 56
CSS | 20.5 2.40 22.8 49.2 25.2
OWTS RS 14.2 162 6.63 5.26 1.18 0.77 1.62 24.5 2.
CSS RS 19.2 88.3 571 5.99 0.23 0.38 0.20 10.2 0

A

17

30

GW-= groundwater, T= tank, I= influent tank, RS=idestial stream, DTB= depth to bottom of casing V)T depth to water. Piezometer elevation was
calculated based on the relative elevation aboadese!| at a fixed point (septic tank for OWTS anghard marker at CSS) approximately 15.2 metergeabo

mean sea level.
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APPENDIX G: GROUNDWATER NITROGEN SPECIATION

Nitrogen (N) speciation is shown below in tables@3. NH4, NO3, and DON percentage is
shown at each groundwater site. G1 focuses on Blagpm at intensive OWTS sites, while G2
and G3 shows non-intensive OWTS and CSS sites.

Table G1. N speciation at intensive OWTS sites.

N-Speciation by Comparison Group
Treatment Site NH4 NO3 DON
Approach

100

Tank 97.6 (£3.82%) 0.10 (+0.11%)  2.31 (+ 3.7%)

Drainfield 54.9 (+ 32.6%) 4.55 (+9.4%)  40.6 (+ 30.9%)

Near-Stream| 82.2 (+ 19.1%) 2.64 (+6.2%) 15.8 (+ 16.5%)

Stream 25.2 (£ 7.75%) 37.3(x18.9%) 37.5(+ 12.8%)

Background 1.9 (+ 1.39%) 92.6 (+ 2.5%) 5.51 (+ 2.7%)
200

Tank 84.4 (+18.1%) 0.10 (x0.13%) 15.5 (+ 18.1%)

Drainfield 91.8 (+13.1%) 4.25(+11.1%) 3.90 (+ 5.37%)

Near-Stream| 75.8 (+ 21.5%) 2.80 (+ 7.31%) 21.4 (+ 19.3%)

OWTS Stream 25.2 (+ 7.75%) 37.3(+18.9%) 37.5 (+ 12.8%)

Groundwater Background | 10.2 (+ 15.5%) 82.0 (+ 23.2%)  7.86 (+ 8.00%)
Intensive Sites 300

Tank 95.8 (£8.16%) 1.25 (+2.31%) 2.92 (+ 5.85%)

Drainfield 21.2 (+ 24.7%) 60.3 (+31.5%) 18.4 (+ 28.4%)

Near-Stream| 17.0 (+ 15.4%) 30.3 (+ 30.9%) 52.8 (+ 34.8%)

Stream 51.7 (+21.5%) 28.4 (£ 24.4%) 19.9 (+ 4.15%)

Background | 38.3 (+39.5%) 15.9 (+ 14.7%) 45.8 (+ 53.0%)

Average:

Tank 92.6 (+12.2%) 0.48 (+ 1.34%) 6.91 (+ 12.0%)

Drainfield 50.5 (+ 37.4%) 25.5(+34.2%) 23.9 (+ 29.7%)

Near-Stream| 58.4 (+33.7%) 11.2 (+21.9%) 30.4 (+ 28.7%)

Stream 36.6 (+19.6%) 33.5(+20.0%) 29.9 (+ 13.2%)

Background | 13.1 (£24.5%) 70.7 (£35.3%) 16.2 (+ 29.9%)




Table G2. N speciation at non-intensive OWTS sites.

N-Speciation by Comparison Group
Treatment Site NH4 NO3 DON
Approach
400
Tank 96.5 (£ 4.37%) 0.22 (£ 0.26%) 3.31 (+4.18%)
Drainfield 8.24 (£ 4.93%) 83.4(+8.88%) 8.39 (¥6%)
Background 22.0 (£ 16.9%) 35.6 (£3.81%) 42.4 (19%6)
OWTS 500
Groundwater Non- Tank No data available; tank inaccessible
Intensive Sites Drainfield 19.1 (£19.2%) 45.9 (+34.0%) 35.0 (+2%)
Background 88.7 (x4.88%) 1.04 (£0.51%) 10.4 B445)
Average:
Tank 96.5 (£ 4.37%) 0.22 (£ 0.26%) 3.31 (+4.18%)
Drainfield 13.7 (£ 9.66%) 64.6 (£ 29.6%) 21.7 (+2%)
Background 55.3 (£ 37.4%) 18.3 (£ 18.7%) 26.4 (1526)
Table G3. N speciation at CSS sites.
N-Speciation by Comparison Group
Treatment Site NH4 NO3 DON
Approach
600
Groundwater 21.3 (+ 10.1%) 15.2 (+ 17.4%) 63.56+1%)
Stream 45.0 (+25.0%) 29.4 (+11.4%) 25.7 (£ 36.3%)
700
Groundwater 31.5 (= 20.0%) 10.0 (£ 8.51%) 58.5448%)
Stream 45.0 (£ 25.0%) 29.4 (+11.4%) 25.7 (£ 36.3%)
800
Groundwater 26.6 (= 30.8%) 42.1 (+ 24.5%) 31.31£2%0)
CSS Groundwater 900Stream 79.8% 20.2% 0.00%
Groundwater 41.0 (+ 35.2%) 12.4 (£ 14.4%) 46.83/%0)
Stream 47.7% 4.6% 47.7%
1000
Groundwater 36.8 (= 18.2%) 6.36 (x 7.25%) 56.9 §6%)
Stream 85.6% 14.4% 0.00%
Average:
Groundwater 31.3 (= 25.2%) 17.6 (£ 25.2%) 51.1¢02%0)
Stream 60.6 (£ 23.8%) 19.6 (+ 12.0%) 19.8 (+ 27.2%)
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APPENDIX H: CSS TREATMENT EFFICIENCY

CSS treatment efficiency at the WWTP. Based on TNNTPN here is negligible) concentration
reductions from the influent and effluent tankse3é data were collected monthly from March
2012 to August 2012 (n=6) from the influent receg/tank (GUC Influent Concentration) and
effluent exiting tank (GUC Outflow Concentration).

GUC Influent | GUC Outflow
Site Concentration | Concentration | Treatment Efficiency
(mg/L - TN) (mg/L - TN)

31.0 6.81 78.0%
24.1 4.36 81.9%
GUC 27.4 6.13 77.6%
WWTP 28.8 3.96 86.3%
27.4 4.88 82.2%
27.7 5.23 81.1%
AVERAGE: 27.7 (£ 2.24) 5.23 (£ 1.08) 81.2 (x3.17%




APPENDIX I: SOIL, GROUNDWATER, AND SURFACE WATER LADING FROM OWTS VS. GROUNDWATER CSS
LOADING TO SURFACE WATER

OWTS wastewater loads to the soil are shown iretdblTable 12 shows TDN loading to the groundwéatem OWTS wastewater
discharges. Table 13 shows OWTS groundwater TDNdda adjacent surface waters. Table 14 shows C&8dwater TDN loads
to adjacent surface waters.

Tablel1. OWTS wastewater TDN loadings to the soil immediateiderneath drainfield trenches.

Soil Loadings from the Tank
Site Date | Usage (Umo)] Tank TDN (mg/L)  Soil Load (kg/y}) Household Residents | Soil Load (kg/yr/pet|
Sep-11 19871 46.5 111 4 2.77
Nov-11 21196 57.0 14.5 4 3.62
Jan-12 17411 82.6 17.3 4 4.31
100 May-12 20250 66.7 16.2 4 4.05
Average: 19682 63.2 14.8 3.69
Median: 20061 61.8 15.4 3.84
Standard Deviation: 1613.3 15.3 2.70 0.67
Sep-11 56.7
Nov-11 16843 94.4 19.1 2.50 7.63
Jan-12 14194 94.3 16.1 2.50 6.42
200 May-12 15329 81.9 15.1 2.50 6.02
Average: 15455 81.8 16.7 6.69
Median: 15329 88.1 16.1 6.42
Standard Deviation: 1329.2 17.8 2.10 0.84
Sep-11 12869 55.3 8.5 2.00 4.27
Nov-11 10030 42.0 5.1 2.00 2.53
Jan-12 10977 44.8 5.9 2.00 2.95
300 May-12 12112 35.1 5.10 2.00 2.55
Average: 11497 44.3 6.2 3.08
Median: 11544 43.4 5.5 2.75
Standard Deviation: 1249.4 8.37 1.64 0.82
Sep-11 26684 31.6 10.11 4.00 2.53
Nov-11 30280 36.5 13.28 4.00 3.32
Jan-12 25170 41.6 12.6 4.00 3.14
400 May-12 26495 30.8 9.79 4.00 2.45
Average: 27157 35.1 11.43 2.86
Median: 26590 34.1 11.33 2.83
Standard Deviation: 2188.0 5.0 1.74 0.44




Tablel2. OWTS wastewater discharge loading to the groundvireeath the drainfield trenches.

TDN L oading from OWTS Tank to Groundwater Beneath Drainfield Trenches per Site

) Hydraulic | PlumeA K GW Loadin Household GW Loadin
ste | Dae | '@ m) | (miay | TPN(mgL) (kg—TDN/yr? Residents (kg/yr/persor?)
Sep-11 0.043 49.4 0.30 9.53 2.23 4.0 0.56

Nov-11 0.038 42.7 0.30 7.05 1.24 4.0 0.31
Jan-12 0.028 39.1 0.30 10.85 1.32 4.0 0.33

100 May-12 0.030 37.7 0.30 10.69 1.34 4.0 0.33
Average: 0.035 42.2 0.30 9.53 1.53 0.38
Median: 0.034 40.9 0.30 10.11 1.33 0.33
STDEV: 0.007 5.22 0.00 1.75 0.47 0.12
Sep-11 0.041 45.1 0.18 24.8 3.80 25 1.52

Nov-11 0.039 36.2 0.18 30.6 3.52 25 1.41
Jan-12 0.039 30.2 0.18 40.1 3.37 25 1.35

200 May-12 0.039 29.3 0.18 36.5 3.26 25 1.30
Average: 0.039 35.2 0.18 33.0 3.49 1.40
Median: 0.039 33.2 0.18 335 3.45 1.38

STDEV: 0.001 7.30 0.00 6.73 0.24 0.09

Sep-11 0.027 61.8 0.09 2.26 0.12 2 0.06

Nov-11 0.018 58.1 0.09 3.53 0.12 2 0.06

Jan-12 0.022 56.2 0.09 1.58 0.06 2 0.03

300 May-12 0.033 51.1 0.09 2.39 0.13 2 0.06
Average: 0.025 56.8 0.09 2.44 0.11 0.05
Median: 0.025 57.1 0.09 2.32 0.12 0.06

STDEV: 0.006 4.45 0.00 0.81 0.03 0.01
Sep-11 0.006 76.3 0.26 14.52 0.60 4 0.15

Nov-11 0.006 53.1 0.26 20.80 0.61 4 0.15
Jan-12 0.003 26.5 0.26 34.75 0.25 4 0.06

400 May-12 0.003 29.3 0.26 11.01 0.10 4 0.03
Average: 0.005 46.3 0.26 20.27 0.39 0.10
Median: 0.005 41.2 0.26 17.66 0.42 0.11

STDEV: 0.002 23.3 0.00 10.47 0.25 0.06
Sep-11 0.015 12.2 0.39 11.14 0.28 2 0.14

Nov-11 0.002 12.2 0.39 2.95 0.01 2 0.00
Jan-12 0.012 12.2 0.39 2.21 0.05 2 0.02

500 May-12 0.020 12.2 0.39 3.21 0.11 2 0.05
Average: 0.012 12.17 0.39 4.88 0.11 0.06
Median: 0.014 12.17 0.39 3.08 0.08 0.04

STDEV: 0.008 0.00 0.00 4.20 0.12 0.06
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Table13. OWTS groundwater loading to adjacent streams atl§i0 and 200. Site 300 was not calculated be¢hasextent of the plume depth was unknown

because near-stream piezometers were not nestes 48D and 500 did not have any adjacent streams.

Groundwater TDN Loading to Nearby Streams per Site
: Stream Stream
Site Date gdard?g:]'tc F?:qmr%o\ (mK/ d) (LS/T) Loading (kg- g‘;ﬁgﬂg Loading
) TDN/yr) (kglyr/per son)
Sep-11 0.043 26.1 0.304 7.85 0.97 4 0.24
Nov-11 0.038 211 0.304 6.78 0.59 4 0.15
Jan-12 0.028 21.2 0.304 7.79 0.51 4 0.13
May-12 0.030 20.1 0.304 7.49 0.50 4 0.12
100 Average: 0.035 221 0.304 7.47 0.642 0.16
Median: 0.034 21.2 0.304 7.64 0.551 0.14
STDEV: 0.007 2.70 0.000 0.49 0.221 0.06
Sep-11 0.041 354 0.18 5.71 0.54 25 0.21
Nov-11 0.039 30.8 0.18 5.71 0.44 25 0.18
Jan-12 0.039 29.5 0.18 6.33 0.47 25 0.19
200 May-12 0.039 27.7 0.18 10.7 0.74 25 0.29
Average: 0.039 30.8 0.18 7.12 0.55 0.22
Median: 0.039 30.1 0.18 6.02 0.50 0.20
STDEV: 0.001 3.29 0.00 241 0.13 0.05
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Tablel4. CSS residential yard groundwater TDN loading t@e€lt streams.

Groundwater TDN L oading to Nearby Streams per Site

Site Date Hydraulic | PlumeA” K Q TDN | Stream Loading | Household I_S(t);?j??g
Gradient (sq. m) (m/d) | (L/d) | (mg/L) (kg-TDN/yr) Residents (kglyr /per son)
Sep-11 0.032 30.8 106 1109 1.82 0.27 2.27 0.12
Nov-11 0.043 25.9 106 1224 0.73 0.15 2.27 0.06
Jan-12 0.028 25.4 1.06 762 1.80 0.24 2.27 0.10
600 May-12 0.024 23.9 1.06 663 0.70 0.08 2.27 0.03
Average: 0.032 26.5 1.06 940 1.26 0.18 0.08
Median: 0.030 25.6 1.06 935 1.27 0.19 0.08
STDEV: 0.008 2.97 0.00 270 0.63 0.09 0.04
Sep-11 0.033 30.8 1.06 995 0.73 011 2.27 0.05
Nov-11 0.046 25.9 106 1204 1.09 0.23 2.27 0.10
Jan-12 0.026 25.4 1.06 654 0.76 0.09 2.27 0.04
700 May-12 0.026 23.9 1.06 643 4.64 0.57 2.27 0.25
Average: 0.033 26.5 1.06 874 181 0.25 0.11
Median: 0.029 25.6 1.06 824 0.93 0.17 0.08
STDEV: 0.009 2.97 0.00 274 1.90 0.22 0.10
Sep-11 0.130 30.8 107 4330 0.18 011 2.27 0.05
Nov-11 0.029 25.9 1.07 786 0.26 0.04 2.27 0.02
Jan-12 0.099 25.4 107 2671 0.23 0.11 2.27 0.05
800 May-12 0.097 23.9 107 2574 0.14 0.06 2.27 0.03
Average: 0.089 26.5 107 2590 0.20 0.08 0.04
Median: 0.098 25.6 107 2622 0.21 0.09 0.04
STDEV: 0.043 2.97 000 1448 0.05 0.04 0.02
Sep-11 0.201 30.8 0.16 907 0.28 0.04 2.27 0.02
Nov-11 0.032 25.9 0.16 125 0.44 0.01 2.27 0.00
Jan-12 0.129 25.4 0.16 515 0.55 0.05 2.27 0.02
900 May-12 0.077 23.9 0.16 399 0.35 0.02 2.27 0.01
Average: 0.110 26.5 016 486 0.41 0.03 0.01
Median: 0.103 25.6 0.16 457 0.40 0.03 0.01
STDEV: 0.073 2.97 0.00 325 0.12 0.02 0.01
Sep-11 0.071 30.8 011 2464 052 0.02 2.27 0.01
Nov-11 0.017 25.9 011 487 0.91 0.01 2.27 0.00
Jan-12 0.034 25.4 011 981 0.22 0.00 2.27 0.00
1000 May-12 0.005 23.9 0.11 13.94 2.35 0.01 2.27 0.00
Average: 0.032 26.5 0.11 102 1.00 0.01 0.00
Median: 0.025 25.6 0.11 73 0.71 0.01 0.00
STDEV: 0.029 2.97 0.00 102 0.95 0.01 0.00

*= Plume area is assumed based on the average of the 100 and 200 near-stream plume dynamics
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APPENDIX J: GROUNDWATER NITROGEN ISOTOPE DATA

Table J1 shows the raw data for each groundwattyp& monitoring event. Figure J1 shows
the data plotted as compared to Kendall and McDib(i1@98) suggested N sources based on
8N vs. 80 values

Table J1. Raws™N ands*®0 values for transections at varying groundwatsidential sites. The first sampling
event occurred in November 2011, while the secamdiwed in May 2012.

Sample ID SN vs. Air fgﬁ g)?N
1 103 28.05 22.42
2 108S 23.76 11.68
3 108M 9.37 13.10
4 202
5 206 11.78 22.28
> 6 212D 20.97 17.62
% 7 200 Stream 12.20 8.63
3 8 302 20.49 14.55
® 9 401 2424 16.20
N 10 400BG 10.64 7.10
= 11 500BG 13.53 33.33
12 502 19.05 12.91
13 701 11.68 14.85
14 702 9.23 15.04
15 902 13.25 25.22
16 1001 12.49 22.60
1 101 15.97 9.61
2 103 13.15 10.03
3 108M 3.13 6.14
4 203 14.94 10.45
5 204 -0.54 5.27
6 212S 5.30 9.54
7 200 Stream 12.11 6.81
= 8 300 9.85 21.17
N 9 302 18.19 13.73
E 10 402 11.99 12.42
11 403 11.87 3.76
12 502 8.15 28.21
13 701 12.22 23.41
14 801 16.46 23.96
15 901 2.22 8.16
38 201 41.92 68.26
40 110S 9.42 28.92




APPENDIX K: NH;" AND DO DRAINFIELD AND NEAR-STREAM CONCENTRATIONS

The table shows the NHand DO concentrations (mg/L) from the drainfieddhe near-stream.
The average CEC for all of site 100 and 200 is alsmwn. DF= drainfield, NS= near-stream,

and CEC-= cation exchange capacity.

Site 100 Site 200 Site 100 Site 200
DF NS DF NS
Average CEC| Average CEC DF NYH NS NH, DO DO DF NH; | NS NH, DO DO
5.57 478 5.41 9.46 0.96 1.71 27.7 2.16 1.54 1.05
2.93 3.45 1.57 1.2y 20.9 1.72 1.43 2.1
3.65 10.79 5.15 2.9 33.7 1.41 3.9 3.2
6.85 13.39 1.93 2.3 38.8 2.17 1.8 1.8
0.17 2.96 1.33 1.34 29.9 251 1.66 1,68
0.85 0.72 1.65 1.2y 56.0 3.51 1.57 1193
0.82 3.42 10 2.1 64.3 1.34 4.4 3.6
0.96 4.19 1.66 2.2 56.9 3.16 1.7 1/28
0.24 3.44 5.83 2.48 5.9 1.00 1.63 3/28
0.20 4,51 1.6 1.34 12.8 0.93 1.9 1|66
2.56 7.84 5.29 1.41 12.4 3.48 5.3 4/87
450 7.36 2.78 7.96 12.4 3.77 1.4 2|25
26.66 7.56 2.94 2.00 2.91 1.69
19.46 13.34 1.78 1.36 2.63 1.67
21.43 5.63 7.07 1.08 2.48 412
0.76 14.15 1.72 3.4 491 1.88
3.89 4.68 1.7 2.19 0.89 1.72
14.77 14.80 1.28 1.22 2.09
18.98 5.32 1.65 1.37 3|3
3.12 3.80 3.3 1.93 17
0.40 7.73 1.56 3.89 2.31
7.24 1.62 3.65 5.6
8.17 7.07 3.33 2.04
3.65 421 1.4y
7.53 11.69 1.71
15.17 8.86 4.26
11.64 1.71]
14.93 1.95
1.56 1.48
0.57 4.5
2.30 1.91
2.95 1.9
4.79 2.04
1.34 2.7
4,51 5.55
4.16 1.86
4.07 1.6
3.70 3.2
4.31 1.9




Site 100 Site 200 Site 100 Site 200
Average Average DF NS DF NS DO DF NS DF NS
CEC CEC NH4 NH4 DO NH4 NH4 DO DO
5.79 2.84
3.86 1.45
5.82 7.3
3.17 2.55
4.07 2.2
6.74 1.02
6.44 2.45
9.86 2.1
21.23 2.07
6.31 1.86
7.72 2.75
6.51 1.5
10.44 1.4
2.83 1.63
1.59 3.3
0.90 1.55
6.77
Average Average

With outliers: 6.60 7.32 3.23 2.38 31.0 4.5 24 40P

Without No

outliers: 12.40 7.32 2.89 2.38outliers
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APPENDIX L: SURFACE WATER PHYSICAL AND CHEMICAL WAER QUALITY SUMMARY

Mean baseflow and storm flow surface water physiGker quality this data is summarized from Audit1 to August 2012. Mean
storm data occurred from 2 storm events that oedusetween Nov. 5-7, 2011 and May 9-10, 2012. Tetapwperature in degrees
Celsius, EC= electrical conductance in microsienparcm, DO= dissolved oxygen, turb= turbidiy, ntwephelometric turbidity

units, Q= discharge, WA= watershed area, d= daycés+ cubic feet per second.

TN
. ; Load
Sample oH Temp. EC DO Turb. Q WA NH4 NO; DKN PN Cl TN (kg-
Point (°C) | (uS/em) | (mg/L) | (ntu) | (cfs) | (ha) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) TN/
ha)
FT-O 6.43 174 86.4 6.10 11.6 098 364 0.11 0.13 330. 0.13 11.9 0.59 1.42
FT-1 6.23 17.1 78.2 6.24 111 046 220 0.14 0.12 330. 0.12 111 0.58 1.18
FT-2 6.07 17.2 102 4.47 144 044 190 0.31 0.06 90.3 0.16 9.46 0.73 1.37
w| MHB 6.03 17.3 114 6.10 16.7 0.62 269 0.15 0.69 0.330.18 18.0 1.26 2.63
§ BELL 5.93 17.4 91.2 5.85 5.34 172 0.05 0.72 0.25 0.13 11.4 1.13
% EP-O 6.08 171 104 5.62 170 0.75 201 0.19 0.70 00.6 0.24 155 1.55 5.08
EP-1 5.67 17.2 98.2 4.80 182 0.27 113 0.08 0.76 320. 0.34 15.9 141 3.01
MILL 6.10 17.5 89.6 5.82 16.8 0.60 200 0.07 0.49 460. 0.09 13.3 1.05 271
CHOK 5.97 17.2 88.1 4.96 126 097 368 0.06 0.54 470. 0.20 15.5 1.22 3.12
TN
Sample H Temp. EC DO Turb. Q WA NH, NOg DKN PN cr TN Load
Point P (°C) | (uS/em) | (mg/L) | (ntu) | (cfs) | (ha) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (ka/ha/
d)
FT-O 6.61 16.3 71.3 4.98 278 105 364 0.14 0.17 440. 0.24 5.67 0.79 0.05
FT-1 6.53 16.2 59.0 5.02 40.7 3.20 220 0.24 0.20 530. 0.21 6.85 0.85 0.03
FT-2 6.28 16.1 71.3 4.16 20.2 525 190 0.22 0.12 450. 0.14 5.51 0.67 0.06
MHB 6.02 15.8 80.0 4.87 26,5 7.04 269 0.22 050 90.4 0.19 8.29 1.10 0.09
% BELL 5.72 13.9 53.0 6.91 13.1 172 0.03 0.62 0.29 140. 6.58 1.06
A EP-O 5.94 15.2 114 3.81 936 3.70 201 0.22 0.70 7 0.6 0.50 11.9 1.76 0.07
EP-1 5.75 13.9 78.3 5.25 408 1.86 113 0.11 0.58 490. 0.25 9.68 1.31 0.03
MILL 6.19 15.8 77.3 6.20 50.1 3.01 200 0.09 0.33 460. 0.24 8.48 1.02 0.04
CHOK 6.01 15.9 72.0 4.17 23.7 11.0 368 0.12 0.53 550. 0.34 9.92 1.40 0.11




Annual discharge was calculated based on the axenagthly discharge measurements taken

APPENDIX M: ANNUAL TN LOADS

from August 2011 to August 2012. These were theusseld based on the web-based
hydrograph analysis tool (Lirt al., 2005) estimated percent of storm flow (SF) anseBaw

(BF). Baseflow TN export estimates were based onthip discharge and N concentration data
collected from August 2011-August 2012. Storm Nasoriration data were based on 2 storms

that occurred from November 5-7, 2011 and May 9200,2.

Average Stream Q SF BF |StormQ Baseflow Q
Site (cfls) % % (L/yr)
FT-1 0.46 37% 63% 148733154 258384250
FT-2 0.44 42% 58% 166812768 230360490
MHB 0.62 36% 64% 199856667 355300741
EP-O 0.75 23% 77% 154947212 512411771
MILL 0.59 26% 74% 137980078 392712529
CHOK 097 28% 71% 242937457 616019980
CSS 0.51 38% 62% 171800863 281348494
OWTS 0.77 26% 74% 178621582 507048093
SFTN BFTN Total TN Total TN
SFTN |BFTN | Export Export Export Export
Site (mg/L) | (mg/L) | (kglyr) (kglyr) (kglyr) (kglyr/ha)
FT-1 0.85 0.58 127 150 127 150
FT-2 0.67 0.73 111 168 111 168
MHB 1.10 1.26 219 448 219 448
EP-O 1.76 1.55 272 793 272 793
MILL 1.02 1.05 141 413 141 413
CHOK 1.40 1.22 339 753 339 753
CSS 0.87 0.86 152 255 408 (+ 224) 1.74 (£ 0.6
OWTS 1.39 1.27 251 653 904 (+ 303) 3.71(x1.3




Discharge data that were input into the hydrogisgparation model were estimated using dischargegratirves and their equations
are listed below. BF= baseflow and SF= storm flow.

Eq. 1 (Lower
flow rating Eq. 2 (Higher flow
Site curve) rating curve) BF R* | SF R? | Explanation
Eq. 1 was used from 0-2.45 ft. and Eq. 2 was uged>>
FT-1  y=0.1446%%%2 y=16.04In(x) - 5.5622 0.70  0.88ft.

FT-2  y=0.001¥°°  y=58.176In(x) - 35.712 0.74  0.94 Eq.1was uUsech 0-2.5 ft. and Eq. 2 was used >2.5 ft
Eq. 1 was used from 0-1.61 ft. and Eq. 2 was ude@l>
MHB  y=0.0148&%" vy =64.083In(x) - 6.0909 0.72  0.67t.

EP-O  y=0.0909e%" y=22.891In(x) - 13.239 0.62 0.94 Eq.1was uUsech 0-2.6 ft. and Eq. 2 was used >2.6 ft

MILL  y=7E-08x%%"  y=112.94In(x) - 115.89 0.66 0.66 Eq.1 was usenh 0-3.1 ft and Eq. 2 was used >3.1 ft.
Eq. 1 was used from 0-3.71 ft. and Eq. 2 was ugedl>
CHOK y=8E-08%*"! y=2311.44In(x) - 363.09 0.78  0.92ft.
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APPENDIX N. LOGGER STAGE \S.MONTHLY MEASURED STAGE DATA PER MAIN WATERSHEI

Logger data are shown in blue diamonds, while mgmtieasured stage is shown as red sqt
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APPENDIX O: SURFACE WATER DISCHARGE VS. TIME PER MIA WATERSHED

FT-1 Stream Discharge v Time
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EP-O Stream Discharge v Time
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MILL Stream Discharge v Time
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APPENDIX P: EASTERN PINES AND FIRETOWER WATERSHEDOWTHLY PRECIPITATION SUMMARY

Precipitation data is summarized by summing updled daily rainfall from the Eastern Pines ancetower watersheds. Rain gauges
collect data at midnight for each day and gaugieggin on August 17, 2011 and ended August 13, 2012.

E\?vsta(:rggl?enda Firetower Water shed
Month Total Precipitation (cm) | Total Precipitation (cm)

Aug-11 375 35.4

Sep-11 9.91 13.0

Oct-11 4.90 4.90

Nov-11 7.14 7.14

Dec-11 2.03 2.29

Jan-12 8.28 7.47

Feb-12 8.94 8.53

Mar-12 10.2 11.0

Apr-12 4.50 4.70

May-12 16.0 18.3

Jun-12 5.54 5.54

Jul-12 19.0 19.0

Aug-12 8.59 8.59

Total Annual: 143 146
Average

Monthly: 11.0 (+ 9.20) 11.2 (+ 8.83)




APPENDIX Q: BASEFLOW AND STORM SURFACE WATER N CONEBITRATIONS PER WATERSHED AND POOLED

Baseflow DIN, DON, TDN, PN, and TN Concentrations per Watershed and Pooled
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M Concentration (mg/L)

Storm DIN, DON, TDN, PN, and TH Concentration per Watershed and Pooled
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NExport (kg/yr/fha)

APPENDIX R: BASEFLOW AND STORM SURFACE WATER N EXAFRO PER WATERSHED AND POOLED

Baseflow Surface Water N Export at Individual Watersheds and Pooled
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N BExport (kg/day/ha)

Storm DIN, DON, TDN, PN, and TN Export per Watershed and Pooled
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APPENDIX S: SURFACE WATER N ISOTOPE DATA

Table S1 shows the raw data for each surface vgattapic monitoring event. Figure S1 shows
the data plotted as compared to Kendall and McDib(i1@98) suggested N sources based on
8N and§*®Qvalues. Data came from two before, during, and aftm events from November
5-7, 2011 and May 9-10, 2012. BS= before storm, D&ing storm, and AS= after storm.

Table S1. Raw data for surface watgtN ands'®0 values. The data was collected during pre-stdrring storm,
and post-storm conditions in November 2011 and RGH2.

_ 515N 5%0 vs. 515N Vs 520 vs.
Site vs. Air V- Air V-
) SMOW SMOW
Nov-11 May-12
FT-1-B 5.70 7.30 1.72 6.18
FT-1-D -0.70 39.19 -2.22 34.52
FT-1-A 5.69 8.57 No data
FT-2-B 2.10 6.48 -2.71 1.48
FT-2-D 0.19 32.40 -2.43 26.75
FT-2-A 4.08 7.54 5.26 17.15
MHB-B 7.50 11.08 3.26 22.84
MHB-D 2.78 15.62 6.56 8.48
MHB-A 7.61 11.17 6.87 10.57
CSSB| 5.10 8.29 0.76 10.17
CsSsD | 0.76 29.07 0.64 23.25
CSSA | 579 9.09 6.06 13.86
EP-O-B 12.06 9.50 11.48 5.18
EP-O-D 8.13 11.50 10.45 11.15
EP-O-A 10.30 10.26 7.28 9.74
MILL-B 8.35 9.21 10.47 6.70
MILL-D 5.15 11.11 7.35 17.76
MILL-A 8.69 9.42 12.57 8.14
CHOK-B 9.23 8.90 13.31 2.15
CHOK-D 6.79 13.01 9.63 23.82
CHOK-A 10.06 12.37 12.07 7.45
OWTSB | 9.88 9.20 11.75 4.68
OWTSD | 6.69 11.87 9.14 17.58
OWTSA | 9.68 10.68 10.64 8.44

Figure S1. Surface wates™N ands'®0 values collected from November 5-7, 2011 and B, 2012 as
compared to Kendall and McDonnell’s (1998) suggestesources. OWTS drainfield averaiféN was +16.3 +
8.75%o, while CSS groundwatét°N was +10.4 + 5.98%.
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