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Abstract

During times of seasonal population influx, in@ed demand is placed on wastewater
treatment plants. Due to the volume of wastewatsted and limited treatment plant capacities,
alternate methods of responsible treatment ands@pnust be examined. In coastal North
Carolina, the use of “wetland augmentation” isable response to the increased demand for
wastewater treatment. A literature review suggeetsutilizing natural wetlands in the
acceptance of wastewaters while obeying federaktated guidelines may enhance the receiving
wetlands and improve surrounding water qualityriBenand Louisiana wastewater wetland
regulations are compared to the proposed Northli@areegulations. Intentionally chosen, the
comparison states operate experienced natural watstewetlands and maintain an abundance
of documented literature on the subject. The c¢atef proposed North Carolina wetland
augmentation systems are reviewed and challenged) established regulations of the
comparison states and data retrieved from a pateméittand augmentation site. Located in
Brunswick County North Carolina, the Supply sprag Bas been in operation as a reclaimed
water upland drip irrigation system since Februar2008. Water level monitoring instruments
were installed at the site to capture the hydralegetland fluctuations during the complete 2009
growing season. A sample of the monitoring datapsesented graphically. Wetlands at
monitoring locations 6 & 7 were particularly suikalo the acceptance of wastewaters. Tables
list the acceptable number of days that reclaimast@water could be dispersed at all study areas
under -12” depth to water table restriction. Alsgiewed in tables are proposed -6” and -2”
depth to water table restrictions. The site stunty [#erature review further indicate that the
proposed one foot depth to water table restrictioould be re-examined, and that natural

wetland systems are an acceptable repository fetematers in North Carolina.
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Introduction

In Coastal North Carolina (NC), a noted increaspapulation occurs during the summer
months due largely to tourism (Crawford, 2007). iDgithese peak summer months, the
population influx catalyzes an increasing demamdvastewater management, treatment, and
dispersion. Existing local wastewater treatmentisl§ WWTP) are placed under intense strain
during these times of high demand. Converselyctists associated with construction of a new
WWTP is such that a positive cost return is immistjaunlikely or dated so far into the future
that municipalities will remain complacent in tlegluced quality and efficiency of existing
WWTP operations (Verhoeven & Meuleman, 1999). Recesearch has suggested a new
application of wastewater disposal and treatmeattritay be equally advantageous to both
coastal municipalities and the wetland systemsazstal North Carolina. The term applied to
this emerging study of wastewater treatment angedsson is “wetland augmentation.” Wetland
augmentation is a newly introduced method of waatemtreatment in which Class A or B (both
tertiary treated) reclaimed wastewater is pumpeecty into terrestrial wetland systems deemed
appropriate by the North Carolina Environmental Biggment Commission (NC EMC). The NC
EMC is a commission associated with the DivisioM&dter Quality (DEQ), which is contained
within the NC Department of Environment and NatiRabkources (NC DENR). The currently
proposed NC EMC regulations under North Carolinankustrative Code 15A NCAC 02U
(2010) lists three baseline stipulations:

(1) Wetland augmentation must be limited to frediewavetlands excluding riparian

zones and pocosins,

(2) Reclaimed water discharge to Salt-Water WetammdUnique Wetlands is not

permitted
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(3) Reclaimed water discharge to wetlands areas beumited to times when the

vertical separation distance to the groundwatdetsigreater than or equal to one foot.

(D-29)
It is noted that stipulation #3 is an untested paxi@r to which proposed North Carolina wetland
augmentation projects must adhere. This stipulatidhe main point of contention driving the
subsequent literature review and site examinatemabse supporting science for the -12 inch
restriction is severely lacking. Additionally, gifoposed treatment systems utilizing this
technique must first provide one year of baselindiss sufficient to determine reference
conditions and demonstrate that a net environméetagfit will occur from the dispersion of
reclaimed water into selected wetlands. A net emwvirental benefit is defined as “the continued
existence of current wetland conditions and theégateon of endangered species” (Commission,
2010, p. D-2). This vague definition is also a seunf contention with regard to wetland
augmentation practices due to its subjectivity andefined parameters, and may present
difficulties in quantifying and demonstrating a eetvironmental benefit.

Land Management Group, Inc. (LMG), an Environme@ahsultant firm in
Wilmington, North Carolina, has been engaged iresg\potential wetland augmentation
projects throughout 2009. Resulting baseline wetlaonitoring has indicated that coastal
freshwater wetlands are hydrologically dynamic eyst which can be completely absent of
surface water in the summer months, while remaisatgrated in the winter months. Based on
this conclusion, an ideal marriage of increasedevester demand and fluctuating wetland
hydrology could prove resourceful for coastal comities which experience peak summertime
demands for wastewater treatment and dispersioweker, in North Carolina limited research

has been conducted on wetland augmentation praciiterefore, the following literature
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review will provide a synopsis of the wetland augagion practice, compare constructed
wetlands to natural wetlands within the subjeatvattewater treatment and briefly examine
successful regulations that neighboring statesheg implemented regarding wetland
wastewater treatment systems. At the conclusigheofiterature review, a site specific analysis
will further challenge the contentious -12 inch tdtefo water threshold at a potential
southeastern North Carolina wetland augmentatien si
Background on Wetlands

According to the Environmental Laboratory’s 1983 BWrmy Corps of Engineers
(USACOE) Wetlands Delineation Manual, The Corp&ofjineers (Federal Register 1982) and
the Environmental Protection Agency (EPA)(FederadgiiRter 1980) jointly define wetlands as:

Those areas that are inundated or saturated tacewr groundwater at a

frequency and duration sufficient to support, dmat tinder normal circumstances

do support, a prevalence of vegetation typicallypaed for life in saturated soil

conditions. Wetlands generally include swamps, hemsbogs, and similar areas.

(p. 9)
The Corps manual further states three criteria ts@dnfirm the existence of wetlands;
hydrophytic vegetation, hydric soils, and hydrolagyich may saturate or inundate the surface
layer (Laboratory, 1987). Based on these critexddural wetlands are estimated to cover roughly
6% of the earth’s surface, and their true valuelbeeh underestimated until the past 50 years
(Gopal, Ghosh, Sven Erik, & Brian, 2008). Unfortteta, wetland systems of the United States
have been significantly impacted, altered, ditclurdined, and converted mostly for agricultural
purposes (approximately 91% of wetland losses)aBgn of urban areas and other land uses

has accounted for 6% and 3% of wetland lossesecéisply (Hickman, 1990).
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As previously indicated, wetlands are highly prectiite and valuable ecosystems that
serve as important sources of timber, essentiatdtdbr fish and wildlife, natural water filters,
flood abatement, groundwater aquifer rechargeeegimmal exploration, and educational
advancement. They also support a variety of bitardportionate to their aerial extent, often
including federally listed threatened or endangegeties (Gopal, 1999; Gopal, et al., 2008;
Hickman, 1990). While academic research provideatgr understanding of wetland systems
and their functions, one particular practice emem@ga mutually advantageous relationship
between anthropogenic demands and natural resmawgagement. Specific nomenclatures of
the action may change through the United Stateisaiees (wetland assimilation, wetland
augmentation, etc.), but the actual practice remaimstant: utilizing natural wetlands in the
treatment of wastewater.

The ability of wetlands to chemically, biologigglbnd physically remove contaminants
from surface waters, including anthropogenic waatew has long been recognized (Brantley et
al., 2008; Breaux, Farber, & Day, 1995; Day et2004; Gopal, 1999; Gopal, et al., 2008;
Hickman, 1990; Jeng & Hong, 2005; Verhoeven & Mew@, 1999; Zhang et al., 2000). In fact,
wetlands have been likened to the “global kidndysause of their highly efficient filtering
mechanisms (Gopal, 1999; Gopal, et al., 2008). &ds across the earth have been used for
wastewater treatment for centuries, though onthépast decades has the response to such use
been documented in a comprehensive and scientdimer (Brantley, et al., 2008). Recent
scientific studies on wetland wastewater treatnsgatems have indicated nutrient removal rates
consistent with those of a modern WWTP (Brantlé\le 2008; Breaux, et al., 1995; Couillard,
1994; Day, et al., 2004; Hunter et al., 2009; Jeridpng, 2005; Ko, Day, Lane, & Day, 2004;

Verhoeven & Meuleman, 1999; Zhang, et al., 200@) faaction of the cost (Breaux, et al., 1995;
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Day, et al., 2004; Ko, et al., 2004). Authors Vexhen and Meuleman (1999) recognize that
natural wetland systems have special characteyiatiich make them particularly suitable for
wastewater purification, such as:

-Wetlands are semi-aquatic systems that normalyato large amounts of water. These

systems are also prone to flooding, which may eeaed through the addition of

wastewater.

-Wetlands contain partly oxic, partly anoxic sdhiat allow pathways for the chemical

fixation of nitrogen and phosphorous.

-Wetlands support highly prolific, stalwart, angitent vegetation capable of absorbing

large amounts of nutrients. (p. 6)
Wetland plant composition, in combination with ggpe and hydrologic regime, allow for the
uptake, accumulation, and chemical breakdown ahge of nutrients, including those largely
found in municipal effluent like NO3, NH4, PO4, amarious organics (Brantley, et al., 2008).
These nutrients contained in treated wastewatex Ao been confirmed by numerous studies
to stimulate productivity and increase sedimentetam in wetlands (Brantley, et al., 2008;
Day, et al., 2004; Hunter, et al., 2009; Ko, et 2004).

Wetland Augmentation

Purpose

Many factors drive interests in the purpose of aeigiimg wetlands including an
expanding population leading to a greater demanekasting WWTPs, nutrient transformation
and removal (Gopal, 1999; Zhang, et al., 2000)tscassociated with constructing new WWTPs
(Couillard, 1994), groundwater recharge and flobdtament (Gopal, et al., 2008), and improved

effluent of water quality (Day, et al., 2004; Zhaegjal., 2000). Studies also show that wetland



Wetland Augmentation in North Carolina: 8
An Emerging Technique for Wastewater Management

augmentation projects provide the same servicesmagentional treatment plants, while
receiving wetlands yield a net increase in prim@agductivity, leading to sediment accretion
(Brantley, et al., 2008; Ko, et al., 2004) and @aged vegetative productivity (Day, et al., 2004).
It is documented that natural wetlands requirenfinx of nutrients for biomass growth (Breaux,
et al., 1995), and both increased sediment acoratid vegetation productivity assist in
combating land subsidence and wetland degradatftan occurring as surrounding lands are
altered for agriculture, industry, and housing (Petyal., 2004). In some cases, the wetland
method of treating wastewater also had a highdrlmasefit ratio (1:6) and up to 21.7 times
greater energy efficiency than modern WWTPs as (ial| et al., 2004).

All of the afore mentioned analyses illuminate ameeging technique of wastewater
treatment that must absolutely be examined in mesgpto current population expansion and the
continued loss or conversion of existing wetlanstays in North Carolina. In fact the EPA
estimates that since the 1970’s, North Carolinagxgerienced some of the most substantial
wetland losses in the United States (Agency, 2008@3¥ point is concerning on many levels, as
wetland values have been conclusively linked todlprotection, aquifer recharge, fisheries, and
numerous economic benefits (Breaux, et al., 198&}tland degradation and destruction has
also, in part, been responsible for the increaséi®od and drought damages, and declining bird
populations (Agency, 2009b).

Goal

The ultimate goal of any wetland wastewater treatrsgstem is the successful
neutralization of wastewater effluent. This incladlee absorption of organic nutrients like
Nitrogen and Phosphorous and their associatedanccgompounds (NO3-, NH4+, PO4 3+)

(Brantley, et al., 2008; Breaux, et al., 1995; dard, 1994; Day, et al., 2004; Gopal, 1999;
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Gopal, et al., 2008; Hunter, et al., 2009; Jengda#l 2005; Verhoeven & Meuleman, 1999;
Zhang, et al., 2000). Another indication of a sisstel wetland wastewater treatment site is the
reduction of chemical oxygen demand (COD), biolabaxygen demand (BOD), and any
remaining suspended solids (Couillard, 1994; Gaogtad)., 2008; Jeng & Hong, 2005; Ko, et al.,
2004; Verhoeven & Meuleman, 1999; Zhang, et alD@0Heavy metals have also been
monitored and can be successfully removed by eangtivastewater treatment system
(Couillard, 1994; Zhang, et al., 2000).

Once the primary goals have been established anaddtland wastewater treatment
system is functioning, additional ecosystem beseéfitl emerge. These benefits will include, but
are not limited to: soil accretion (Brantley, et 2008; Day, et al., 2004; Ko, et al., 2004),
enhanced quality of surrounding surface watersgixeet al., 1995; Day, et al., 2004; Hickman,
1990; Verhoeven & Meuleman, 1999), stimulated vatet productivity (Brantley, et al., 2008;
Day, et al., 2004; Hunter, et al., 2009), conseovadf wildlife habitat (Hickman, 1990), and
substantial monetary savings when compared to &@maYWTP (Breaux, et al., 1995; Day, et
al., 2004; Ko, et al., 2004). All of the previousilsted benefits will count towards the ultimate
goal of the North Carolina EMC, which is a demoat&d net environmental benefit (J. P. W. a.
G. E. Williams, 2009).

Constructed Wetlands Vs Naturalized Wetlands

When examining the use of wetlands to treat wagewavo contrasting theories are
documented. Authors Verhoeven and Mueleman (1988 that constructed wetlands offer
better opportunities for treatment than naturalavets based on the ability to specifically design
hydrologic loading rates and species compositicorder to maximize nutrient removal.

Verhoeven and Mueleman (1999) further discourageuie of natural wetlands to treat
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wastewater because of the great conservation ehlinany of these systems, while the author
Couillard (1994) questions the effect that longrteutrient loading will have on the immediate
and surrounding ecosystem. Opposing views of coctetd wetland treatment systems also cite
the absence of biodiversity and long-term macraplpyesence (Gopal, 1999) along with the
disproportionately high cost associated with a troieted wetland treatment system (Breaux, et
al., 1995; Couillard, 1994). Both design optiongédiassociated potentials and problems, and the
benefits and drawbacks of both treatment methcelbefly addressed in the following
paragraphs.

Constructed Wetlands

Constructed wetlands are a mechanical complextofated substrates, emergent and
submergent vegetation, animal life, and controlleder fluctuations that simulate natural
wetlands for human use and benefits (Hammer & Basfi989). The potential applications of
constructed wetland systems are expansive, froatingmining effluent to landfill leachate, and
from stormwater management to wastewater treat(hitarhmer, 1989). Constructed wetland
wastewater treatment systems have been studiezpth dver the past three decades, and have
been regaled with great success. The ability taiBpally design and construct a wastewater
treatment wetland has many benefits, including kmavastewater volumes, nutrient loading
rates, and monoculture establishment of vegetatioven to fixate and remove elements
included in wastewater (Verhoeven & Meuleman, 1998g plant selection in a constructed
wetland wastewater treatment system is of prime&eon and three main plants proven to
remove wastewater nutrients in the monocultureesysire cattail, bulrush, and giant reed
(Hammer & Bastian, 1989). However, maintaining anotulture system may require

unforeseen operational expenses, as an inseabyseak could damage the system and
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surrounding environments. In these instances, adnspecies system may be more resistant to a
pest outbreak, and may be more efficient in rengaibroader range of nutrients (Hammer &
Bastian, 1989). The juxtaposition in this casén&ét these three reed plants, while successfully
removing harmful contaminants in wastewater, fonmames that prevent the establishment of
alternate plant species, which encourages monaeultitroducing again the difficulties
associated combating monoculture establishmetiegiget systems. The substrate selection is
equally important during constructed wetland desagvarious soils, sand, or gravel provide
physical support for plants, reactive surface awgang fluctuating water table conditions, and
attachment surfaces for microbial populations (H&m& Bastian, 1989). A primary benefit of
constructed wetland treatment systems, once fslightished and correctly functioning, is the
relatively low operation and maintenance cost caegb#o conventional treatment systems
(Gopal, 1999). However, the initial cost of a consted wetland wastewater treatment system is
substantial, and if not designed and implementeg@eny, could negate any future cost savings
and environmental benefit (Breaux, et al., 199%n<giructed wastewater treatment wetlands can
also be tailored to function year-round in a breadage of climates and on a more demand-
based scale (Verhoeven & Meuleman, 1999), wheraasal wastewater treatment wetlands
may operate within specific growing-season constsaand climatic conditions. Constructed
wastewater treatment wetlands have an obvious paltéor success by providing effective and
reliable wastewater treatment while remaining eiiof fluctuating hydrologic loading rates

and creating selective wildlife habitats. Howeubkeg initial cost of construction and continual
maintenance of a constructed wetland system cadilyeovershadow the future benefits of
providing reliable, tolerant, and resilient wastésvdreatment.

Natural Wetlands
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Wastewaters have been discharged into natural nastir centuries (Gopal, 1999; Jeng
& Hong, 2005), and have long been viewed as subbssitfor traditional wastewater treatment
(Breaux, et al., 1995). However, their specifieshave not been fully recognized until the past
60 years (Gopal, 1999). Since 1950, an increadecest in the use of natural wetlands for
wastewater treatment has proliferated as a simpuesaergy-efficient means of removing
wastewater nutrients and improving water qualitggi#g, et al., 2000). Currently, three main
types of natural wetland systems are used to Wwasatewater: facultative ponds, floating aquatic
plant systems, and the method primarily examingflisipaper, wetland systems. The energy
input required for wastewater treatment in naturetlands and standard WWTPs are the same,
but in natural systems, processes such as aerbiaaogical nitrification, and chlorination are
derived through natural energies (ex. sunlight,dynain, natural water table fluctuation) rather
than mechanical processes that rely on fossil fi@dsllec & Knight, 1996). Applications of
wastewater into natural wetland systems can aldaceeproblems associated with wastewaters
directly discharged into surface waters (Zhan@l.e2000), reduce costs associated with the
construction of municipal WWTPs and associated s@wmstructure (Breaux, et al., 1995;
Day, et al., 2004; Verhoeven & Meuleman, 1999), boldter soil accretion and primary
productivity of the receiving wetlands (Hunteraét 2009; Ko, et al., 2004). Natural wetlands
are also confirmed to treat more wastewater pdrafr@nergy and with less financial cost than
constructed wetlands and modern WWTPs becausedtiend utilizes natural energies such as
sunlight, wind, and rain (Ko, et al., 2004). Thes¢ural energies drive multiple functions and
mechanisms of effluent treatment in wetlands iniciggbhysical settling, chemical precipitation,
adsorption, and biological process such as uptaételanitrification (Ko, et al., 2004). However,

natural wastewater treatment wetlands are not withmitations as well. Nutrient overloading
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is the most common problem among these naturahnetivastewater treatment systems, and
can lead to eutrophication (Day, et al., 2004; Kad Knight, 1996). Additionally, if baseline
studies and monitoring are improperly initiateddocumented, the addition of wastewater could
prove catastrophic to a localized wetland ecosy$temindering vertebrate and invertebrate
animals, over-exposing plant matter to nutrients, @using runoff containing nutrient rich non-
potable water. Because natural energies in thederag are utilized, subsequent varying
climactic conditions of the subject area must beneixed and documented as well. Specific
contingency plans should be developed to preenlptaddress these concerns, which include
but are not limited to hurricanes, tornados, floadwl pests (Kadlec & Knight, 1996). Another
drawback of the natural wastewater treatment systdhe large land mass required for
successful retention time and treatment. This Etmn makes the natural wetland wastewater
treatment method undesirable for medium to lardpanized cities, but can be used in
conjunction with standard methods of wastewatetimnent to reduce operational cost and allow
for the successful treatment of higher volumes a$tewater without expanding the existing
WWTP (Kadlec & Knight, 1996).

To conclude, a significant majority of the authmegiewed indicate that natural wetland
wastewater treatment systems are both more eféeatithe removal of nutrients and suspended
sediments and provide a substantially greater lteioe€ost analysis over constructed wetland
systems (Breaux, et al., 1995). However, both ahfand constructed wetland wastewater
treatment nutrient removal efficiencies are detagdiby loading rate, retention time, and the
interaction of soil, water, vegetation, and micgaotrisms (Zhang, et al., 2000). A majority of
authors remain consistent in backing a more holistturalized approach with natural

wastewater treatment wetlands as opposed to coterwastewater wetland treatment systems
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because naturalized systems take into accounutheusiding ecosystem, water quality effluent,
land preservation, aquifer recharge, and bioditersi
Florida, Louisiana, and North Carolina Regulations

While North Carolina currently lags behind in theld of naturalized wastewater
treatment, surrounding states such as Florida angslana have been operating these systems
for decades. Although authors Verhoeven and Meutefh®99) doubt the success of long-term
wetland wastewater treatment systems, studies Inyatet al. (2009) have clearly demonstrated
that the wetland method of treatment can stimyabeuctivity while causing no measurable
negative impacts to the receiving wetlands or ddrngasn systems after even 60 years of
continuous operation. Concern for the utilizatibnh@se systems is based on multiple factors,
such as shifts in vegetation composition after exaater is introduced for long durations,
nutrient overloading and eutrophication of wetlaydtems, and the risk of undermining the
conservational value of these ecosystems (Gop&8;XQopal, et al., 2008; Verhoeven &
Meuleman, 1999). A brief examination of Louisiamal &lorida wetland assimilation and
augmentation regulations are reviewed in the falhgwparagraphs. This is an important
examination of wetland wastewater treatment appresdoecause systems in Florida and
Louisiana have been operating for up to 80 contisugars, while North Carolina wetland
augmentation regulations are still in the hearing approval phases. Similarities and
distinctions to the proposed North Carolina wetlangmentation regulations are noted where
appropriate, focusing on the salient point of cotite regarding the restrictive -12 inch depth to
water threshold in North Carolina.

To limit the concentration of effluent dischargetbi both natural and constructed

wetland wastewater treatment systems, the US EBAirhded discharges to waste which has
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already undergone secondary treatment (Breaux,, 41985). While North Carolina’s proposed
wetland augmentation guidelines allow only the displ of tertiary treated wastewaters,
Louisiana has allowed natural wetlands to recedgosdarily treated effluent, though only after
further approval from the Louisiana Department n¥iEonmental Quality (Jeng & Hong, 2005).
The Louisiana landscape is uniquely adapted tor&d@@ment of wastewaters because of its
consistently low topography, expansive riverine gpdrian environments, and the extensive
Mississippi River delta. Also important to note #re disproportionate amount of wetland
systems that Louisiana contains when comparecdh&r abntiguous states. Today, Louisiana
wetlands account for up to 40% of the national imwey of wetlands, but unfortunately also
account for the largest national wetland lossegpdb 80% (J.S. Williams, 1995). Rapid
wetland losses and the necessity for advanced watgetreatment and dispersion have driven
the utilization of naturalized wastewater wetlarmé$erred to in Louisiana as wetland
assimilation, to the upper echelon of the LouisiBepartment of Environmental Quality’s
(LDEQ) regulatory agenda. Accessed through therdanmental Protection Agency’s (EPA)
website regarding State, Tribal and Territorialn8&rds for water quality, specific guidelines for
the introduction of wastewaters into wetlands &tgfarth inLouisiana Administrative Code
(LAC) Title 33, Part I1X, Chapter 11 - Surface Watuality Standards (Agency, 2010b). While
the document does not specify depth to water tasleictions likened to the proposed North
Carolina regulations, it does provide sufficientaderegarding the classification of wetlands,
wetlands approved for acceptance of wastewatedsgamneral, numerical, and biological
monitoring guidelines of on-site and dischargedewguality. It should also be noted that while
North Carolina demands the demonstration of a mat@xmental benefit regarding wetlands

augmentation, Louisiana code outlines biologicaéda which states that a wastewater wetland
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may not exceed a 20% reduction in above-groundaweétproductivity over a 5 year period of
wastewater dispersion (Agency, 2007; Services, R&ifilar to the baseline monitoring in
proposed North Carolina Regulations, the LDEQ nexguan initial feasibility study to assess
current wetland uses, establish sampling and me¢erpoints, initiate hydrologic analysis, and
determine long-term average loading rates (Aged@@y; Services, 2008The LDEQ further
requires a baseline study after the approval ofdhsibility study. The Louisiana baseline study
examines the potential assimilation site in de#dikr the feasibility study has been reviewed
and the area is considered acceptable for theiaddit wastewaters. The baseline study consists
of a detailed vegetation analysis, sediment amnglygter level measurements and analysis,
surface water analysis, and soil accretion measeme{DeHart, 2010; Services, 2008). The
LDEQ has accepted that despite a consistently lewagon and largely equivalent landscapes,
each wetland system will respond differently to dlaelition of wastewaters. Therefore, instead
of adopting broad regulations which restrict theoant of wastewaters distributed into wetlands,
the LDEQ imposes limits on the surrounding envirental effects of wetland assimilation
projects. For instance, the assessment of discthavgeer quality from assimilation projects is
measured and strictly enforced, including but moitéd to the examination of temperature, pH,
total dissolved solids, biological productivitysdolved oxygen, flow, and specific analysis of
variance (ANOVA) tests (Agency, 2007; Services, @00 his method of regulation may appear
responsive as opposed to anticipatory, but deaaidesearch have already documented the
wetlands of Louisiana, specifically with regardie addition of wastewaters. This research has
helped to refine and re-define wetland assimilategulations and appropriately quantified the
response of wetlands and the surrounding envirohtodahe addition of wastewaters. In

summation, by implementing this manner of regutatod enforcement, the LDEQ can assure
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that overall water quality is improved and nutrgeabntained in wastewater are successfully
fixated by wetland assimilation projects, while #tenulation of primary wetland productivity
may be slightly reduced.

Florida also has a mature wastewater wetland progrhich has been in operation since
1914, although the first natural wastewater wethaad officially permitted in the mid 1980’s (S.
Speasfrost, personal communication, March 31, 200§ EPA lists regulations pertaining to
the wastewater wetlands of Florida through theeStatibal and Territorial Standards for water
quality, and are specifically outlined Administrative Code 62-611 (Agency, 2010a).
Classifications of natural wetlands receiving renked water in Florida follow two paths.
Advanced water treatment (AWT) standards are etpnvdo tertiary treated wastewaters in
North Carolina, and wetlands accepting this stashd&ivastewater are classified as receiving
wetlands. Wetlands that accept secondarily treatesdewaters are classified as treatment
wetlands for polishing, and are subject to monagént guidelines and monitoring programs
than receiving wetlands (S. Speasfrost, persomahuanication, March 31, 2010). Immediate
distinctions between Florida, Louisiana, and pregoNorth Carolina regulations emerge when
examining the flora in wetlands deemed appropf@teeceiving wastewaters. Florida
regulations decree that a wetland may receive wasées only if the herbaceous ground cover is
dominated by at least 50%yphaspp., or common cattail (Protection, 1996). Thisicel
parameter is concerning because cattail has besempto successfully fixate nutrients
contained within wastewaters (Nichols, 1983), tHongmerous other plants such as duckweed,
water hyacinth, bulrushes, reeds and sedges disevacefficient nutrient removal (Gopal,
1999). Wastewaters may be dispersed into Floridatsral wetland systems at an annual

average rate of no more than 2 inches per weeknamdore than 6 inches per week in
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hydrologically altered wetlands. Monitoring requirents for treatment and receiving wetlands
vary from a monthly to quarterly to yearly timefrapdepending on parameter of measurement.
Also in Florida, the vegetation composition is deted at each monitoring station and
averaged over the entire project area. Interestinigé importance value (sum of relative density,
relative dominance, and relative frequency conwettea percentage) of plants within the
monitoring area may not be reduced more than 5@0%pser the entire project area the
importance value may not be reduced more than Zs#%idction, 1996). In an overall
assessment, the Florida Department of Environm&mtakction is more concerned with the
retention time of wastewater in wetland systems piysical and chemical loading rates, and the
initial vegetation composition over the physicaptieto-water table in wastewater wetlands.
Previous paragraphs have examined the varied itegusf wastewater wetland
regulations of three states. Notable differencéwéen proposed North Carolina, Louisiana, and
Florida regulations are found within the desiretbaeeous composition and maximum
allowable vegetation debility (Florida), varyinggtees of preliminary wastewater wetland
assessment (Louisiana), and restrictions concethmgvater table criteria during wastewater
dispersion (North Carolina). However, a consistertd largely unchanged similarity of all
regulations examined maintains the high standawdhioh treatment must occur. The
regulations of all three states seek the maximditiericy of wastewater wetlands by utilizing
universal parameters such as reduction in bioldgixggen demand, nitrogen and phosphorous
fixation, and the removal of total suspended sokdsthermore, all states are concerned with
water quality discharge and the overall effectevastewater wetlands to their respective
surrounding environments, though the means to wihiebe goals are accomplished are diverse

and sometimes contradictory.
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Site Introduction

The site examined by this study is located in Bmiok County, North Carolina in the
township of Supply (Figure 1). When viewing thedgpmphic map (Figure 2), initial traits that
verify this site for potential wetland augmentatame its abundance of freshwater wetlands and
its absence of unique wetlands or salt water wddamhe site also borders the Green Swamp
preserve, an undeveloped long Leaf pine-dominastesy. While the overall site encompasses
approximately 1,036 acres, only about 590 acrently accept reclaimed wastewater through
an upland drip irrigation system (J. P. W. a. G\\Hliams, 2009). The wastewater treatment
plant is in close proximity to the drip site (< 2l@s), so tertiary treated wastewater is currently
transported by non-potable water truck to the spiteyand dispersed when appropriate. The
Supply WWTP currently serves approximately 2,8ddents from the central and western
portions of Brunswick County (R. Worthington, perabcommunication, October 22, 2010).
The spray site is permitted to disperse 1.72 Milligallons per Day (MGD), but due to the
seasonal population flux the amount of wastewateegated varies from 1.2 MGD in an average
winter month, to 3.0 MGD in an apex summertime rhqdt P. W. a. G. E. Williams, 2009; R.
Worthington, personal communication, October 22,80 The areas that do not currently
receive reclaimed wastewater are primarily 404spligtional wetlands, comprised of Murville
and Torhunta soil series (Figure 3) (Barnhill, 1286is in the interest of Brunswick County to
research the Supply spray site in order to perrattamd augmentation, resolving the increased
demand placed on the Supply WWTP during peak sutmmeutilization. While elements of net
primary productivity, nutrient uptake, loading msitevildlife impacts, metal toxicity, and other

deterministic variables must be addressed befopéementing a wetland augmentation project,
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this study seeks to identify solely the hydrolojictuation that takes place in wetlands and
attempts to draw conclusions regarding the -12 thobshold postulated by the NC EMC.
Methodology

Wetland water tables are hydrologically dynamistegns, and should be monitored daily
to fully represent depth-to-water fluctuations. [Riva water level monitoring devices (wells)
manufactured by Remote Data Systems, Inc. (RDSg widlized to capture the daily depth-to
water table readings (Figure 4). Wells utilizedtis site are approximately 54 inches in length,
with a sensing range of +6 inches to -42 inchesvbéhe soil surface. These monitoring devices
operate with a lithium battery powered data loggtached to a capacitance based probe (R.
George, personal communication, October 18, 200iy.probe is then placed in a 2 inch slotted
PVC casing, which is manufactured and installedacordance with the US Army Corps of
Engineers (USACOE) technical guidelines for waadslé monitoring of potential wetland sites
(Engineers, 2005). The researcher obtains loggartdeough a Palm interface, accessed by a
serial cable connection on the top of the well. &ita-specific rainfall analysis, a rain gauge,
also manufactured by RDS in accordance with USA@OEelines, was installed at the study
area as well.

A total of 12 monitoring devices were installecsalect wetland locations within the site
during February and March of 2009 (Figure 5). Tredlswvere configured to read once daily at
7:00am in order to produce a descriptive time satesign. The rain gauge was configured to
continuously record rainfall in .01 inch intervalis research design most properly analyzed
the daily fluctuation of selected wetland waterd¢abn response to rain events and the
percolation of water through the surrounding upleecaimed water drip irrigation system. The

sampling design was limited by a variety of factoxduding physical access to wetlands,
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distance relationship between uplands and wetlardbavailability of monitoring instruments.
Therefore, the selection of monitoring well locasonvas based on a non-probability purposive
sample, strengthened by the expertise of a regtenvironmental Consultant, licensed Soil
Scientist, and practicing Environmental Scientighva combined 50+ years of experience in
delineating wetlands, soils classification, and itaying wetland hydrology. Wells were hence
installed in the centers of isolated wetlands (sv&ll5, & 8), or inside 404 jurisdictional
wetlands at least 200 feet or greater from theamettboundary (wells 2, 3, 4, 6, 7, 9, 10, 11 &
12). This was accomplished intentionally to repnéslee lowest elevation in the wetlands at
which reclaimed water is proposed to be applie@stablish parallel and perpendicular transects
of wells in relation to ditches and wetland boumekgrand to monitor the response of varying
wetland types to the influx of reclaimed water aaith events.
Results

Water level monitor data is most appropriatelytiiged in graphical form. Figure 6 is a
typical hydrograph of the well data obtained at$upply spray site. Two sub-graphs appear
within the standard hydrograph. The graph displagexhly one of several hydrographs, and for
the results portion, only wells 6 & 7 will be repemted visually. The discussion portion will
examine tables which represent all wells that lelected measurable data at the Supply site.

The top sub-graph provides a seasonal contexhéowell data, and is a representation of
daily and 30-day running precipitation totals. Tagly and 30-day running precipitation totals
were gathered from an on-site rain gauge and cadgarthe nearest observation station within
the North Carolina Climate Retrieval and Observaibletwork Of the Southeast Database (NC
CRONOS). The NC CRONOS database is maintained sghNZarolina State University and

allows the public to access observations from 12 &tive weather sites throughout North
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Carolina and neighboring states (Carolina, 2003320Ihe nearest NC CRONOS station is
located approximately 2.4 miles from the Supphagmite, maintained by the Nature
Conservancy, and found within the Green Swamp Rresé&his station, identified as NNAC,
was selected because of its close proximity tcsiteg reliable historical data, and the necessity
for comparative measures against the on-site i@uige The 30-day running total is derived
from the on-site rain gauge and is a moving suth@frevious 30 days of on-site precipitation
data. Time is graphed on the X-axis, in ten dagrirdls, in a day-month-year format.
Precipitation is graphed on the Y-axis using oriimtervals. The 30and 78" historic
percentiles provide a context for normal rainfaltiare inspired by the Natural Resources
Conservation Services (NRCS) climate informatiayareing wetlands tables (WETS) for the
Longwood station in Brunswick County North Caroliihonthly precipitation totals from the
Longwood WETS table were gathered beginning in 1&Y®2ending in the year 2000 (Service,
2010). However, LMG has independently updated tt€ln®/table to reflect data from 1978-
2009, providing the most up-to-date assessmeiteopitevious 30 years of precipitation data.
These are the historical 3@nd 78 historical percentiles displayed on the top portid the
hydrograph. When the historical percentiles arepamed against the 30-day running onsite
precipitation totals, a context of normal rainfalestablished. When the running total ascends
above the 70 percentile that period is considered abnormally @enversely, when the running
total descends below the™percentile that period is considered abnormaljy @he normal
range is found when the running total hovers irwleen the 30 and 78 percentiles. During the
normal periods, well data is relied upon heavilg aonsidered to have the greatest significance

by regulatory agencies such as the USACOE and @®BENR. These agencies utilize
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precipitation data of this caliber in jurisdictidweetland determinations and the assessment of
current climactic conditions.

The lower sub-graph contained within the hydrogrispihe graphical representation of
measured well data. Time is graphed on the X-axten day intervals, in day-month-year
format. The individual daily well readings are dgned on the Y-1 axis in six inch intervals, and
are designated by a corresponding colored pointewlne daily precipitation totals from the on-
site rain gauge are graphed on the Y-2 axis inimcteintervals. The Brunswick County growing
season runs from Marct'7o November 28(Barnhill, 1986) and is marked by vertical bolded
lines. The currently proposed wetland augmentaggualations will only allow wetlands to
accept reclaimed water if the depth of the watieletas at or below -12 inches from the soil
surface during the growing season (Commission, g@tifich is designated in the graph by a
bold line at -12 inches. The data in Figure 6 shioat during the growing season, wetlands in
these areas retain their fluctuating hydrologicrabgeristics in response to periodic rain events.
Furthermore, the availability to disperse reclaimeder into these areas has maximum potential
during periods of abnormally low rainfall. As denstrated by the graphs in Figure 6, wells 6 &
7 show considerable potential for the acceptanceaéimed water.

Table 1 has listed the amount of days that recldimater would be accepted by the
wetlands at designated well locations under cunpenposed regulations. The well numbers
correspond to the locations on Figure 5 in whiclewtable depths would allow the pumping of
reclaimed water. A zero in column 2 means thaime tithin the growing season was the water
table depth below the proposed -12 inch threshi®ldluating by this criteria, areas 1 & 5 are not
suitable for wetland augmentation under currenppsed regulations. Conversely, areas 6 & 7

display the greatest potential for the acceptanceatlaimed water, as the water table remains
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below the -12 inch threshold during much of thenjng season, and the average depth to the
water table during those times is -21.1 and -2@éches respectively.

Table 1. Examination of water table at or below -12" during the growing season

average depth to water
# of days water table during days that
Well ID table is at or absolute water table is at or
(location) below -12 inches below -12 inches

1 0 0.0

2 59 -15.0
3 22 -17.0
4 143 -24.9
5 0 0.0

6 153 -21.1
7 224 -26.5
8 8 -19.9
9 166 -22.4
10 93 -18.0
11 69 -13.7
12 93 -19.0

Tables 2 and 3 examine the reclaimed water punmpatential if the -12 inch threshold
were re-evaluated at -6 inches and -2 inches b#ewoil surface, respectively. It should be
noted that in table 2, the previously exempt wetlanthe well 5 location is now available for
the acceptance of reclaimed water under the adju6tanch threshold. Additionally, wetland
locations at wells 6 and 7 are viable repositdiaeshe acceptance of reclaimed water during a
majority of the growing season while maintainingeverage depth to water table of greater than
-12 inches below the soil surface. In table 3, lpy#viously exempt wetland locations at wells 1
and 5 may receive reclaimed water under the adjugtéench threshold. Also in table 3, wetlands
at well locations 2, 4, 6, 7, 9, and 10 may accepaimed water for the vast majority of the
growing season, regardless of variations in ongsieeipitation totals. Furthermore, all wells at

designated wetland locations have the capacitgde@ some amount of reclaimed water under
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the -2 inch threshold, greatly extending the po&taicceptance of reclaimed water for the

proposed wetland augmentation project at the Sugypiyy field.

Table 2. Examination of water table at or below -6" during the growing season

# of days water

average depth to water
table during days that

Well ID table is at or absolute water table is at or
(location) below -6 inches below -6 inches

1 0 0

2 236 -9.9
3 52 -12.2
4 192 -20.9
5 26 7.7
6 208 -17.9
7 246 -24.9
8 38 -9.9
9 186 -21.0
10 138 -15.0
11 108 -12.1
12 131 -16.1

Table 3. Examination of water table at or below -2" during the growing season

# of days water

average depth to water
table during days that

Well ID table is at or absolute water table is at or
(location) below -2 inches below -2 inches
1 16 -3.8
2 265 -9.5
3 85 -8.7
4 208 -20.6
5 162 -4.0
6 250 -15.6
7 264 -23.6
8 120 -5.8
9 222 -18.3
10 217 -10.9
11 146 -9.9
12 196 -11.8
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Discussion

The data in tables 1, 2, and 3 display the poteptimnping capacity in which the Supply
spray site may utilize the wastewater treatmenhotwedf wetland augmentation under varying
water table depth restrictions. However, underciimeently proposed -12 inch depth to water
table restriction, severe limitations are placedrantreatment capacities of these systems. A
noted increase of wastewater treatment capacityre@s the water table depth restriction is
moved closer to the soil surface. Reducing theldeptvater table restriction to -6 inches below
the soil surface greatly increases the potentiaihfe acceptance of reclaimed water and allows
the achievement of wetland hydrology, a criticaltéa in determining net environmental benefit.
Previously presented monitoring well hydrographadeve revealed that ponding takes place
with some regularity in these wetland systems withpyroducing overland flow, indicating that
the basic storage capacity of these wetlands has ¢pr@ssly underrated. In the proposed re-
evaluation of the water table restriction, suffitiseparation between the soil surface and the
water table verifies that overland flow would naké place, even under the most liberal -2 inch
depth to water table restriction.

In addition, the climactic conditions of the sowbevary with great degree from year to
year, so it is difficult to identify cost effectivannually reliable sites to which wetland
augmentation may operate. Under the proposed nquesping may be allowed during the entire
growing season of one year and then be completslyicted during the growing season of the
next. This leads to difficulties in the design ppeopriate holding basins and pumping systems
involved in wetland augmentation projects due dbasonal climactic irregularities and

varying demand for wastewater treatment and digpers
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The specific volume of acceptance for reclaimedewat these wetlands is yet to be
determined, and will require further testing ansessment by hydro geologists, soil scientists,
and engineers to determine loading rates thatmabkimize the net environmental benefit of the
Supply spray site wetlands. However, it is confidngased solely on physical parameters that
the Supply spray site wetlands are a viable repysfor the disposal of tertiary treated
wastewater.

Conclusions

Throughout this paper, the author has analyzedlandmented numerous techniques of
wastewater wetlands throughout the neighboringstat North Carolina. A significant portion
of the literature reviewed demonstrated that natuedlands can be utilized successfully in the
treatment of secondary and tertiary waste effligatcordance with modern WWTP standards.
Additionally, environmental benefits associatedwitie enhancement of wetland hydrology and
nutrient loading have proven to be extensive, idiclg but not limited to: soil accretion,
increases in primary productivity, improvement offace waters, ecosystem preservation, and a
substantial benefit to cost analysis. However, nr@tuetlands receiving wastewaters have their
opportunities and limitations, and each systemtions differently. Therefore, a minimum of
one year of baseline studies to analyze vegetatarposition, hydrology, loading rates,
topography, surrounding surface waters, and clinsatenfirmed and recommended to all
proposed wetland augmentation sites.

While surrounding states differ in the approachsedun their wastewater wetlands, the
overall goals are directed at the reduction ofdgaial oxygen demand, fixation of nitrogen and
phosphorous, and the removal of total suspendeédssdlouisiana and Florida have the strength

of maturity regarding wastewater wetland regulatiand are less concerned with the application
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site conditions than the overall improvement otHerged water quality. This is in contrast to
proposed North Carolina wetland augmentation reiguisa which clearly state that a net
environmental benefit must be demonstrated on ppécation site before the addition of
wastewaters is permitted. This requirement maytereanfusion within the regulatory
commission and environmental firms who are chaxgiia permitting, designing, and
monitoring the effects of wastewater wetlands bseaf its subjectivity. As directed by the NC
EMC, a net environmental benefit includes the caregd maintenance of existing wetland
conditions and the protection of endangered spediesever, a contradiction may be found in
the NC EMC requirement that a wetland augmentairopect must maintain existing wetland
conditions while contrarily restricting the achievent of those conditions through the addition
of wastewaters. Wetland hydrology is a criticaltéaen determining the existence of a wetland,
and environmental benefits associated with wetlaadaire periodic flooding, ponding, or a
water table fluctuating within -12 inches below 8wl surface for 14 consecutive days of the
defined growing season. Through the addition oftewaaters, wetlands may achieve the
hydrologic criterion, hence promoting the contineadstence of wetland conditions and
encouraging environmental benefits associated wethands.

The previous point illustrates that a volume ofagued water should be dispersed into
the wetlands in order to raise the depth of theemtable to within -12 inches of the soil surface
to demonstrate a net environmental benefit. Thisbeaaccomplished by critically reviewing the
-12 inch depth to water table restriction, or bypatthg techniques of neighboring states which
have successfully operated similar wastewater wetpaojects with no arbitrary -12 inch depth

to water table restriction, for up to 80 continugesrs.
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Future studies would serve the NC EMC well to eixenthe maximum potential
chemical loading rates for successful wastewatéiane treatment in order to permit the
application of secondary treated wastewaters irgtand systems. This would eliminate another
mechanical step in the treatment of wastewaterthdurelaxing the burden placed on coastal
WWTPs during the populous summer months. A hydiiclagsessment of the currently
operational upland wastewater drip irrigation systd Supply would further reveal water table
fluctuations in response to rain events and thé&iaddf wastewaters. These data could be
combined with wetland monitoring device data taal&ze the subsurface flow of wastewaters
percolating through the soil as reclaimed waterdisafrom the uplands to wetlands in order to
ultimately maximize upland and wetland loading sa#nother beneficial study would involve a
detailed cost-benefit analysis for the Supply smiteyand the use of wetlands to treat
wastewater and the site’s ability to successfulinage peak summertime demands for
wastewater treatment and dispersion. Chemical sisatyould also be initiated to evaluate
current benefits to surrounding water quality af 8upply spray site as a result of the increased
volume of reclaimed water treated by upland andamdtsystems. Chemical analysis would also
indicate the potential for upland and wetland systéo successfully filter nutrients contained in

secondary treated waste effluent.
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Figures 1-6
Figure — 1, Vicinity Map of the Supply Spray SiBrunswick County, North Carolina
Figure — 2, Topographic Map of the Supply Sprag,Itrunswick County, North Carolina

Figure — 3, Soil Map of the Supply Spray Site Witlell and Wetland Overlay, Brunswick
County, North Carolina

Figure — 4, Electronic Water Table Monitoring Dexidiagram, Manufactured by Remote Data
Systems, Inc.

Figure — 5, Aerial Photograph of the Supply Sprag ®ith Well and Wetland Overlay

Figure — 6, Sample Hydrograph of Monitoring Deviz&ta at the Supply Spray Site, Brunswick
County, North Carolina
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Figure — 1, Vicinity Map of the Supply Spray SiBrunswick County, North Carolina

*Boundaries are approximate and are
not meant to be absolute.

— —

Map Source: North Carolina Atlas & Gazetteer. Pg 87. 2003 SCALE 1" = 1 Mile
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Figure — 2, Topographic Map of the Supply Sprag,Itrunswick County, North Carolina

*Boundaries are approximate and are
not meant to be absolute.

— —

Map Source: Bolivia and Supply Quadrangles 7.5 minute (topographic) 1990. SCALE 1" = 1 Mile
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Figure — 3, Soil Map of the Supply Spray Site, Britk County, North Carolina
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*Boundaries are approximate and arg
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Map Source: NRCS Soil Survey.
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Figure — 4, Electronic Water Monitoring Device Diag, Manufactured by Remote Data
Systems, Inc.
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Data Logger Image Source: page 3
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Figure — 5, Aerial Photograph of the Supply Sprag ®ith Well Overlay

Well ID Serial #
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not meant to be absolute. —

Map Source: 2009 NAPP Aerial Photography SCALE 1" = 600’

_Supply Spray Field _ William Dortch
Potential We'gland Augmentation Environmental Scientist Figure 5
Brunswick County, NC Aerial Photograph
UNCW EVS M.A. with wetland lines
October 2010 Capstone Project and well overlay




Figure — 6, Sample Hydrograph of Monitoring Devik&ta at the Supply Spray Site, Brunswick CountyithN@arolina



