ABSTRACT

THU, SOE MIN.Water Quality Impact Analysis: A Case Study at Triangle Quarry, North
Carolina (Under the direction dDr. Frederick W. Cubbage

The aggregate industry i s a crinfiastrecmre contr
developmentsuch as roads, airports, and buildings, must keep up with the increasing population
and its subsequent demand for natwural aggrega
includingremovingnatural forests, can harm air and water quality, noise level, wildlife, and
citizens' recreational benefifBhis studyexaminedhe implications for water qualityausedy
the presence of Triangle Quarry, sited in Wake County, North Carolireplicitly exploring
its effects on Crabtree Credfistorical and field data were used, and changes in water
parameter values were assessed. Results from the study suggest that turbidity, pH, and dissolved
oxygen are improvedt the downstream sgef the Wake Stone

In contrastthedifferences between upstream and downstream heavy metals (copper,
iron, zinc)areinsignificant. The study notecklevated levels of specific conductivity, total solids,
andhardness ue t o the effluent from Wake Stoneds Qu
Treatment PlaniThe discussion also encompasskearingbest management practices (BMRs)

mitigate the stresses on Crabtree Creek and protexjutgic environment.
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CHAPTER 1: INTRODUCTION

AQuarrying is the process of removing rock
ground to use them to produce materials for construction or other @Bes Institute of
Quarrying, Australia, n.d.)fhe main difference between quarrying and metal mining is that
quarrying is anineral extraction sitevithout a roof while mining usually occurs underground
The choice of mining types depends on the economic, geologic, engineering, and other factors
(Gebre & Getaneh, 2012)epending on the deposit type and local demand, quarries produce
different raw materials, including stone, sand, gravel, gypsum, salt, potash, coal, limestone, and
common clays

Stone quarryingsessential N a countryo¢Xingetal.j20lT)al economy
Infrastructure development such as roads, airports, and buildings must keep up with the
increasing population and its subsequent demand for natural resources. Therefore, adequate
forms of natural resource utilization becoessentialfinally comingto the mining sector
(Gebre & Getaneh, 2012)he dependency on aggregate for constructicongnuously
increasingParise, 2016)and thequarrying industries can offer numerous job opportunities to
nearby communitiesdowever, extracting stones from quarries can cause significant
environmental issues throughout the entire process, from exploration to the utilization of the final
products(Morrow et al., 2014)

North Carolinao6s a gfmrthe@atedsStaerosted Stoneion r an k
NC, n.d.) The state hosts around 135 crusktmhe quarries and 500 sand and gravel quarrying
sites The combination of these two sectors accounts for over 85% of the total approved mining

activities and the business is present in 80 out of 100 countibe stateThe mostrucial



marketthat consumes aggregates in North Carolina is the construction of transportation
infrastructure, which includes highways, parking lots, and other pavement/Aasentional
two-lane road constructiogenerally uses about 25,000 tons of crushed sténethermore
aggregates are commonly used in construction, railroad prajgcég and erosion control stone
manufacturingand other building endeavors

The North Carolindepartment of Environmental Qualitgquires a mining permit for
mining operations on land over one or more a@@@ashed Stone in N@.d.) The permit is
usualy effective for 10 yeardHowever, the NCDEA retains the right to terminate the issued
permit earlier if any violation occur§he permit application process also requires a mine
reclamatiorplan afterexcavatioroperatios to make sure that there are at least minimal negative
impacts and to restore the natural environment. In most cases, the abandoned quarries are
converted into water reservoirs or recreational lakes, wildlife habitats, agricultural fields, or lakes

for varioususesincluding groundwater recharging.

1.1Background and Justification

1.1.1 Triangle Quarry (TQ)

Following the closure of Moncure Quarry in 1981, whWhke Stone Corporation
managedn the City of Sanford, Lee County, the company relocated its operations to its present
location near RDU Airport. To secure the land for their operations, Wake Stone leased over 200
acres of public land from the airport in Wake CoufWake Stone, n.d.Jheexistingquarry,
named fTr i a(hQ,isecat®d0sb mileglodvnstream oC€rabtree Credk discharge

at Lake Crabtreelhe Latitudeand Longitude ar85.840325 and78.770675respectivelyThe



Umstead State Park, RDU Airport, and Interstate Highw4@ (I-40) are located northeast,
West, and South of the targeted mining area, respectively.

TQ startedheinitial aggregate productian 1982andexpanded the production in 1988
through the construction period from 1986 to 198®er the expansion, the quarry could
produce crushed stone at 1,000 tons per hour. Within 38 years of operation, it could support over
50 million tons of aggregates within the@anglearea.

In 2019, Wake Stongroposedo expandthe Triangle Quarry by developing a fresh
excavation site on the opposite side of Crabtree Ciidekproposed expansion project will help
extend the quardy s bl appreximately 25 yearf. will cover approximatelyl05 acres of
woodland called the Odd Fellows Traclpse to Umstead State Pankd the East Coast
Greenway(Stop RDU Quarry2023) As of 2021, Wake Stone has received an implementation
permitand is starting mining operations at the proposed®ie.company also included a plan
to build a new bridge across Crabtree Creek to avoittdffec resulting from using # Old
Reedy Creek Road by the transportation tsu¢kake Stone has already obtained permission to
construct the bridgéJnder the new quarry expansion projelse RaleighDurham Airport
Authority (RDUAA) will receive approximatel$24 million through royalty payments during
the new lease

1.1.2 Concerns about the Project

With a massive population growih Wake and Durham counties, which reached 139
percent, from 608,155 to 1,454,243, between 1990 and @0#th Carolina State Parks Annual
Report, 20172017) and increased demand for recreational am@asy conservation and
recreational groups and individuals are concerned about the project's adverseomitects

recreational benefits of William BJmstead State Park ard surrounding environmenErom



the start of land use planning in RDU in 2016 to permit issuance in 2023, a series of court cases

were held between conservation organizations and the company concerning the mining permit

Several organizations and individuals, including the Umstead Coalition, Sierra Club,

Performance Bicycle, Triangle GRoad Cyclists (TROC), The Conservation Fund, as well as

the Division of Parks and Recreation (DPR) under the NC Department of Natu/@iikmchl

Resources (NCDNCR), have raised objections and voiced concerns about the oojecof

the most common potential issues include,

T

Wildlife corridord Umstead State Park has been playing a crucial role in connecting
various wildlife habitats through a forest or m@aade structure for a significant
period(U.S. Fish & Wildlife Service, 2021Yhe proposed new quarry and the

fencing walls along the quarry areas will limit wildlife accessibility.

Recreatiod DPR claimed that the proposed expansion would negatively affect
visitors' safety, health, and enjoyment by 45 percent through traffic, dust emissions,
noise, and blasting vibrations.

Noise and Vibratioz Quarry operations, transportation, and blasting noises have
affected some visitors. ThEroposedtxpansion oprojectwill increase noise and
vibration pressure.

Dust Emissioryz There were some instances in the past when the State Park ranger
noticed the presence of white granite dust on their shoes and coats. The watercolor of
the stream adjacent to the quarry used to have a milky color.

Traffic Safetyz Increasing trips of crushed stone transportation to the market using
big dump trucks will impose traffic issues at the intersection of Harrison Avenue and

Star Lane, the quarryods entrance.



1 Visuality ¥2 The quarry and some portion of the fencing walls will be visible to park
visitors, reducing the park's aesthetic quality.
1 Water quality’2 Discharge of turbid water was recorded during 2018, and several

stakeholders predicted that the expansion of operations would bring more water

guality issues ito Crabtree Creek



March 2019
RDUAA agreed to lease the
| land to Wake Stone and signed
the lease. A lawsuit was filed
against RDUAA's right to lease
the land.
August 2021
November 2010 Wake Stone submitted a new
~  Ajudge ruled in favor of T site plan.
RDUAA
August 2021
October 2016 December 2019 | DEQ denied Wake Stone’s
ctober i . _
i rmit application. Wake Stone
RDUAA approved a draft An appeal was f?]ed against pe | pp
. RDUAA's decision. RDUAA appealed.
Airport Layout Plan and - .
announced plans to build an
changed the land use plan of 8 3mile ona the airbot
the proposed area (Off Fellows bo :iml ct ;ﬂc;: :m: a:kc alrpo
Tract) to "Industrial/Quarry." raer at the State
O ) O, 9, 0 O
2015 2016 2417 2018 2019 2020 2021 2022 ZDIB 2024
July-Aug 2017 February 2020 August 2023
DFI from UNC conducted a An injunction prohibited Wake The judge overturned DEQ’s
feasibility analysis for the Odd Stone’s activity until June denial. DEQ granted the
| Fellows Tract, suggesting that 2022. Fencing by RDUAA was mining permit.
recreation-based investment paused.
would be more profitable.
April - May 2020
September 2017 Wake Stone ?pp]ied_ for a
RDUAA rejected the mining permit modification
| Conservation Fund's offer to buy followed by a public hearing in
the land. May.
October 2017 June - July 2020
The Conservation Fund and L HCDEQ.requested addm.onal
1 Wake Stone offered to lease or information for the permit;
buy the land, but RDUAA over 18,000 public comments
rejected both. were received.

Figure 1 Timeline of The Triangle Quarry Expansion Project Case.
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Source:(Wake Stone, n.d.)

Figure 2 Conceptual Mine Plan for Triangle Quarry Expansion Project

After the commencement of the new expansion propeatyindividualsand groups
have come together to express their concerns through gragestst its implementation
(Stradling, 2019andcertain individuals in leadership positions within these organizations have
taken legal action by submitting cases to the Wake County Court. These cases pertain to the
RDUAA's ability to lease public land to a private company, Wake Stone's permit applifati
mining, aad the RDUAA's permit application to construct fencing along the boundaries between

Wake Stone and the state park.



Regarding the concerns of different stakeholders, reviewing the water quality in Crabtree
Creekand gaining a complete understanding of granite quarrying and its effects on water quality
arecrucial. According to sources, Crabtree Creek's water quality is deteriorating and unable to
fulfill its intended purposesuch as supporting aquatic life and providing a safe environment for
primary contact recreational activities due to various fa¢idesise River Basinwide Assessment
Report 2002 Overton, 2006)According to the reports, the section of Crabtree Creek that runs
through the quarry and Umstead State Park has been found to have violations related g turbidit
specific conductivity, and dissolved oxygen levels.

Duda & Penros€1980 accesed the miningimpactson water quality irthewestern
region ofNorth Carolinaandrevealedhatserious water quality problems were investigated in
areas with opepit mining There islimited information on the effects of aggregate quarries on
water quality in the eastern part of North Carolina. The few existing studies are based on
different geological regions or types of rock, making it difficult to make conclusive statements
about the WaketBne and conservation groups' conflicting views in the Triangle Quarry case.
Therefore, it is important teystematically assess the impacts of Triangle Quarihe water
guality of Crabtree Creek.

The current study investigated the quarry's potential impacts on Crabtree Creek by
systematically assessihggstorical and fieldvater qualitydataat places above and below the
guarry site Historical water quality data fronm@bientmonitoring site®organizedoy the North
Carolina Department of Environmental Quality (NCDEA@) data from field measurements
wereusedto examineany changes in water quality in the designated skesumptiors of this
investigationarebased on the fact thaignificantchangesn water quality parameter values will

be observed betweehe above and belopointsof the quarnyif the quarry is contributing to the



creekodés pollution. However, the ambient dat a
because another discharge from the North Cary Wastewater Treatment Plasjusttiaow

the upstream ambiesite Thereforedischargestatusand permit violations were reviewed for

the treatment plant and the quarry, and impact estimations were Fildevater quality
measurementspstream (bel ow t he Tr doanstneanfthe quargynt 6 s d
were also conducted and analyzed to support the findimgh ambient data analysihe field

data collection also included a control site

disturbedwatershed

1.2 Significance of Study

This Master of Scienceesearchs meant to be a thorough analysis of Wake Sione
current quarryn the form of a technical report fan Environmental Analysis or Environmental
Impact Statement. The purpose is to provide an academic exercise in the field of environmental
analyses for my M.S. degree as a prototype of fiweh analyses can occur in depth with more
funds and personnel. | focused here on reviewing the literature and estimating the impacts of
past development of quarries in general, and especially the existing Wake Stone Gicéity.
the limited time and lack of dedicated research funds, this study cannot provide a comprehensive
and authoritative interdisciplinary analysis that could be condwdgtechumerous fultime
experts. Howevert does demonstrate both literature reviews and modest field watiéy qua
sampling analyses to demonstrate how EAs and EISs are performed and can provide insights into
the Wake Stone case for more thorough efforts.

The findings frommy current studyhelpprovide valuable knowledge and insigtto

theimpactevaluationof quarrying on water qualifywhich can be applied in future impact



estimation. Moreover, the results are criticatamsideringsuitablebestmanagement practices
and mitigaion alternatives to lesséhe negative impacts and help improve Crab@esek
providingthe public with the best recreation experiemtdle protecting the welbeing of fish

and other aquatic life.

1.3 Objectivesof Study
Previously, there have been instances where the DEQ ambient monitoring stations in
Umstead State Park and Ebenezer Church Road monitoring sites, which are situated downstream
of the quarry, have reported multiple cases of water quality standard violdtiong various
monitoring activitiegBonner et al., 200Qleuse River Basinwide Assessment Ref0of1;
Overton, 2006)Thereforeto update these researeffiortsand provide a reasonable method of
assessing water quality impacts for conservation purposestudy aimgo evaluatehe water
guality in Crabtree Creek next to the Triangle Quarry to determine whether there is
contamination from the quarryhe pecific objectives of the study are as follows,
1. Tosystematicallyassess thereek's water qualitgearthe quarryby using historical
and field data
2. To determine whether the quarry is contributing to the water quality degradation of the
creek
3. Toexamine possible bestanagemenpractices and maksiggestionso protect the

water quality in Crabtree Creek



1.4 Limitations of Study

This Master of Sciences research is meant to demonstrate the elements of literature and
secondary and field data analysis that would be required for a reasonable environmental impact
assessment. This could not be sufficient to be a definite final anstier itopacts of Wake
Stonebs existing and pr op tewewtr, b tesearchyloepr oj ect
include the best possible combination of a literature search, secondary data collection, and
statistical analyses that one person could reasphabtxpected to accomplish in about a year of
effort. It representshe content of a conventionchnical report for agA or EIS Still, it
cannot be expected to provide the level of detail required to find qualitative or quantitative
conclusions possible with a full scientific team.

Although it would be ideal to compare the water quality changes before and after the
establishment of the quarry to evaluate the changegresent study only focused on the after
guarry timeframe due to the need for more data before the qiagyesearch focused on
evaluating howwater qualityvaried over time at each location and analyzing the differences
between the areagpstreanmanddownstream ofhe quarry Additionally, the number of
observations from the field data is limited. A reasonable data range that can cover changes in all

seasons in each year and represent the current water quality trend should be established.



CHAPTER 2: QUARRYING AND IMPACTS

Kim and Miller, 2017 discovered that the aggregate industry in the United States had
considerable growth in the mRDOOsdueto the housing market recovery. Althoutpe growth
in the industry does not seem toddeselyrelated to GDP, it is closely relateditzreased
residential constructio(Figure3) (S&P CoreLogic Cas&hiller U.S. National Home Price
Index 2017) As of 2017, thgrimaryconsumption of aggregates includes residential buildings
(33%), highways and streets (31%), commercial buildings (19%), government bsi{Eia)

other public works (8%), railroads (3%) and private-gonstruction (1%JWilson, n.d.)

Case-Shiller
28,000 : Home Price Index
Aggregates ($, bil)
23,000
GDP (8, tril)
18,000 =
13,000 o
1991 2002 2009 2016  Year

Source- (S&P CorelLogic Cas&hiller U.S. National Home Price Index, 2017)
Figure 3 Time Series of Aggregate Industry in the United States.
Note- CaseShiller Home Price Index estimates the U.S. Residential real estate. Jiheegrice

index and aggregate consumption folemthe same trend.



Quarrying usually includes three main stadasdpreparation, blasting, and crushing.
Thelandpreparation phase includes land assessrirenthich a geolog expertinvestigateshe
area to assess the availabilityanfappropriatesupply of rocks. Once a site is selecteaoval
of aboveground vegetation and overburdetiow. Subsequentlyhlasting using explosive
materials turns the surface into smaller rotksles are drilled in designated placesplosives
are put inside the holeand the areasithenblasted After blasting, the extracted rocks are
carried and put into crushing uniteaking them into smaller, manageable pieces for
construction worCEMEX USA, n.d.) Thecrushedstones finally pass some washing uitiizst
make them cleaand free fron particles with absorbed chemicals, clay, and other matérat

can deteriorate the strengthtbéconcretq PCA, n.d.)

2.1 Economic impacts of quarrying

The aggregatplays a criticalole in supportingthe United Statesconomy As of 2017,
it contributed $122 billion to national sales, generated $32 billion in national profits, and
supported 364,000 to 600,000 jobs spanning a range of associated occupations and {{&lustries

Kim & Miller, 2017).

Table 1 National Impact of the Aggregate Industry

Aggregated Impact on Other Total Impact
Industry Industries
Jobs (Quarry) 61,024 297,275 358,317
Jobs (Total) 102,000 496,740 598,740
Earnings $6.1 billion $25.6 billion $31.7 billion
Sales $27.2 billion $94.4 billion $121.6 billion

Source- (S. Kim & Miller, 2017)



Additionally, each job in the aggregate industry supports an additional 4.87 jobs in other
related industriesandone dollarearnedn this sectorcreates another $4.19, and aiodlar sold
results in another $3.47 in other sectditserefore, the industry has a significant impact on both
the national and local econaridevelopment.

Kim & Miller (2017 reporedthat the annual aggregate sale rate in North Carolina
reached $875 million with a total impact of $1,517 milliBegardingob opportunities,
aggregate miningreated?,789jobs contributingto 7,328job openings in related sectors.
Currently, the aggregate industgreategob opportunities for over,800 peoplevithin the state
(Crushed Stone in N@.d.) About 20 people work at an aggregateducing plant on average.
The factory'saverage annual aggregate prwas $6.80 per ton. Construction aggregates account
for 84 percent of the total amount and 69 percent of the total value of all mineral products

produced in North Carolina.

2.2 Impacts of Quarrying on Water Quality

In many cases, quaiing can lead to pollution due to acidic and metal drainage from
mining andenergy us€Langer & Arbogast, 2002Massive vegetation and overburden are
removed from the designated areas during site preparatitargescale mining industries,
topsoil and some underlying rocks are pushed aside using bulldomtremoved with huge
vehicles Removng the earth's surface and digging deep pits can foster water quality problems.
The operation of large machines and vehicles requires oil and other chemical materials that can
lead toheavy metal pollutants water resource€shanbari et al., 201& anger, 2001)

The impacts are more significantaiy stream, creek, river, or poistlose to the

quarry.Increased impervious surface areetation removal may chantigee amount of runoff



and the runoff pattern in a stregbhanger & Arbogast, 2002Water quality issues acausedy
thedischarge o&xcessivdevels of nitratesand chromium, which causbgalthrelated risks to
humangBakamwesiga et al., 2022)\nother study also notes that the release of particulate
matter (PM10) duringjuarry operation results in the acidity and presence of metallic ions in
rainwater(Kalu & Ogbonna, 2021)The &idity and metallic ions areoncentrate@s the
rainwater reaches the ground and flows through theTwl.study also reports a diminishing
trend in impact intensity downstream from the quarry sites.

Pits in quarry sites amalledwet pits when they penetrate the underground water table,
requiringadewatering operation to remove the percolated waterger & Arbogast, 2002)
The most common effect of igneous rock quarrying at the streamside is sediment discharge into
receiving streas( Mi | i g a eSedingemtatign fr&dn0déwtering quarry site discharges
mainly causes increased turbidity and reduced dissolved oxygen concentration

Discharge ofjuarry wastewatezranharmadjacent streams' water flow and qualtity
sediment pollutants such as total suspended paréinkksotal flow of settleable solids into
surface waterggsulting in increased turbidiffChima et al., 2010Moreover, erosion from haul
roads,mining sites, abandoned pits, and disposal piles ing#asasedimentation in the
receiving stream, causing severe water quality degrad@ista & Penrose, 19807 herefore,
careful and systematic wastater treatment processare essential befodéschargingeffluent
into nearby water bodies.

Several articles indicateeavy metal® Cd, Mn, Fe, Cu, Ar, Ni, Pb, Cr, an@dFas
pollution inwater resourcegesulting fromquarrying activitiegAl Mamun et al., 2019; Chima et
al., 2010; J. G. Kim et al., 2007; Okunlola et al., 2018tudieshoticed one or more heavy

metals in samples collectém water bodiesearthe quarry mining areas. Oveoncentration



of these metals is harmful to humassthey can cause poisoning and chronic health issues.
Similarly, quarrying usually accompanigm discharge of heavy metals into receiving streams.
The concentration of heavy metals in the water bodies harms the food chain and the life of
aguatic organism#quatic plants and animals can accumulate metals in their tisaaks)g

them or the species depending on them t@kadu & Ogbonna, 2021)These studies also noted
oil, lubricants, and kerosene leakagelicating the requirement feystematic and careful
management.

In addition to negative impacts on human wading, changes iwater'sphysicchemical
properties and hydrological patteraf$ectaquatic life's species and taxa richndgse water
temperaturgdissolved oxygen, and nutrient level are primary indicaibthe existence and
diversity of aquatic life, and extrentevelswould redue diversity. Sedimentation from
guarrying reduces dissolved oxygen (DO) by limitthg photosynthes{Cordone & Kelley,
1961) Thus, it restricts the accessibility to habitat and fdters, 1995)As the sediment
increasestaxa richness decread@elyea et al., 2000and the population of the
macroinvertebrategdeclinesBarbour, 1999; Duda & Penrose, 1980)

Another wateirelated implication of quarrying includes lowering thater tablgDevi,
2015) Impacts on groundwater depend on the location, geographic location of the sites, the
depth of the pit, and the amount of rain{f@lebre & Getaneh, 2012 the groundwater
availability near the pit is decent, more water welikinto it, and removal of the water will
cause drainage to lower the water discharge system. It is estimated that extending quarry
operations near the groundwater discharge area is expected to cause notable adverse groundwater

impact.
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In contrastfew have founao significantrelatiorship between quarrying and water
guality influences In Nigeria,Adeola(2013 found thataccording to 105 responses from the
targeted populatiom a local community in Ekiti Statethe communitydid not notice any water
issues despitne noise and air pollutioBaakEnnumh et al. (20213Iso stated that although
guarrying has minor i mpacts on water quality,
development outweighs the environmental impacts. Therefore, the impact evaluation of the
guarry business also considers the benefits tieagebtor can lead to.

In conclusionguarrying activitiesincluding land clearance, blasting, transportation of
rocks, stone washing, and wastewater discharging, can cause waterrgletiey problems
Sedimentation from runoff and wastewater discharge, leakage of chearchheavy metals,
and release of dust (PM weresignificantissuesHowever,assessingnpacs from this sector
should consider the positive impacts that can encourage rural, regional, and national
development as wel/oluntary or regulatory best managent practices and enforcement are
vital for impact mitigation. Systematic and careful planning, management, and operational

procedures should be in place to protect water resources.

2.3 Other Impacts of Quarrying

2.3.1 Impacts on Air

Quarrying's main effean air qualityis releasingparticulate matter (PM) into the
atmospherecaused by blasting, crushing, screening, and transpor{@akamwesiga et al.,
2022; Nartey et al., 2012The surrounding area's air quality would suffer because of the fugitive
dust released from the quarries. Even with safeguards in place, the dust produced by the quarry

operationcould harm locals' health and wellness. Additionally, quaetgted vehicle emissions
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would significantly impact the health and wellness of neighboring individuals and the
surrounding area's air quality.

2.3.2 Noise Impacts

Blasting in a quarry usually makes a lot of noise during its opesamilarly,
crushing,overburden hauling, and transportinigsted rocks and proc&sg can also produce
noises at their relevant levelsir pressure vibrations from air blasts are caused by the direct
discharge of higipressure explosion gases into the atmosphere and the transfer of ground
vibrations into the atmosphef@&oforth et al., 2006).ong-term or shorterm exposure to these
loud noises may pose pressures on civilians residing nearby and their belpsigghgss houses

and livestockdue to vibratiosa nd s haki ng o f (BaakEanuraheeta. R@®E) sur f a

2.4 After Quarry Reclamation

According to Oxford L aprogessofjickiming sénkethingl a mat i o
back orof reasserting a right During mining permit applications, a mine reclamation plan must
be includedo ensure that the mining activitipermanenthalter the site's natural conditions as
little as possibleA mine reclamation plan is a process that ensures the beneficiaserd the
area after miningNowadays, many mine operatoecognizehe reclamation benefits and try to
integrate a progressive reclamationrlaat adopts reclamation effofftr each extracted lartd
saveon operation cost@uttleman, 1992; Gebre & Getaneh, 2QIt)ey dso know the positive
effects of having a reclamation plan in public relagion

Enduse of abandad mines includes, but not limited to, wildlife conservation, open
space, agriculture, residential, commercial development, and recreationdRsiksnation

efforts usually include erosion and sediment control, slope stabilization, and avoiding impacts on
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wild fauna and floraThe choice of reclamation actions dependocal interest, economic,
ecological, and recreational opportunitiasd potential water supply to residential and
agricultural fields Accordingto McCandlesg2013, some weHlknown reclamation efforts
include Brownstone Park in Portland, Connecticut; Quarry Falls in San Diego, California;
Bellwood Quarry in Atlanta, Georgia; Butchart Gardens on Vancouver Island, Canada; and
Groundscraper Hotel in Shanghai, ChiRaure 4) all of which serve as adventure parks,
residential and commercial spaces, reservoirs, national historic sites, and hotel businesses

respectively

(C) Bellwood Quarry in Atlanta (D) Butchart Gardens on Vancouver
Island, Canada,
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(D) Groundscraper Hotel in Shanghai,
China

Source: A CT Mirror, n.d; Bi Google Earth pro, 2024; €Atlanta, 2020; Oi Viator, n.d; Ei
Stuff, 2024

Figure 4 Photographs of After Quarry Reclamation Success.

Despite the potential benefits of aftgwarry reclamation efforts, several problems persist
due to unclaimed quarry pitSome unclaimed pits threaten public safety due to the deep vertical
pit walls, often with deep watéButtleman, 1992)At Eno Quarry, which has a deep pit filled
with water in DurhamiNorth Carolinaat least three people died, and several brdiare cases
occurredduring recreational even(Kagan, 2021)The stagnated wat@r pitscan lead to
serious health problems in surrounding communittes.example, a carcinogenic chemical was
investigated in a groundwater site at Teer Quarry Lake in Durham, and the lake became a
concern for the health of nearby residdftdRAL, 2022) Runoff from quarries can create
pollution and sedimentation into downstream receiving water channels even after the quarry’s
closure.Therefore, creative design and enforcement of-gfterry reclamation are essential to

ensure the full use of the site rather than leaving a hole in the earth's surface.
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CHAPTER 3: MATERIAL AND METHODS

3.1 Description of Study Area

The study area is the portion of Crabtree Creek beti®diversion at_ake Crabtree
andthe eastern boundary of Umstead State Paabahezer Church Road Wake County,
North Carolinalt is situated near the RDU Airpo considerable portion of the creBé&ws

within the Umstead State Park, the second largmsttypark in North Carolina with an ared

5,599acresand a smaller portomWa k e St oneds quarry area.
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Figure 5 Map of Study Area.
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3.11 Crabtree Creek

The Neuse River Basin has an are&, @02 square milespreading across 19 counties in
North Carolinalt contains 133,019 hectares (328,700 acres) of saltwater in North Carolina
(AlbemarlePamlico Baseline Water Quality Monitoring Data Summary, 19992- North
Carolina Digital Collections n.d.Neuse River Basinwide Water Quality Management Plan,
1993 1993 Neuse March 1993.Pdf.d.) The basin is divided into 14 sdiasins and the upper
part (i.e.,subbasins 01 to 04)alls within the Piedmont region where erodible clay soils exist.
Highly populated and industrialized urban areas occupy considerable portions of theithasin
the highest wastewater discharg@wever the basin is crucial for residential water supply and
recreational activities, preventing floods, and providingies for various animals and fish.

Crabtree Creek ocat ed at 35 A4 5 Nj8adtipdtaryaohtite Neuge8 A5 0 Nj4 1 r
Riverin Wake County, RaleigiNorth CarolinaWikiwand- Crabtree Creek (Neuse River
Tributary), n.d.) The creeKklows through Morrisville, William B. Umstead State Park, dimel
north sections of Raleigio its confluence with thBleuse Riverextendingapproximately 28.73
mi (46.24 km).T h e ¢ wateesked vers an area of 90,750 aicrése Neuse of River basin
(William B. Umstead State Park Master Plan, 19¢dtaining urban and suburban areas,
agricultural land, and natural fore$tiree minor streams of Sycamore Creek, Turkey, and
Reedy Creellow into the creekn the proposed study area

3.1.2 Geography

Dueto thePiedmont landscape, the proposed study area has several hilltops with similar
elevationghatarerelativelyflat on the tops. The quarry is located on a moderate hill with an
elevation of about 400 feet. The deepest place of the current pit reaches approximately 90 feet

above the sekevel. According to Google Mapthreesmall valleys were observed, and the
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valley that connects th&/a k e S washwatér seatment ponds to Crabtree Crisadbserved

in the middlewhile the two other valleys are located 0.1 miles upstream and downstream. All
the valleys bear seasonal unnamed cred@khe majorityof the proposed expansion area has an
elevation of 350 feet and five moderate vallegsluding the largest one connecting to Foxcroft
Lake.

The study ares on the eastern side of the Jonesboro fault, a regional fault that extends
from Chesterfield County, South Carolina, to Granville County, North Carolina. The area
contairs a metamorphic rock type of Hornblende Gneiss, a parallel tecdataining more than
20% feldspar, and an igneous rock of Granite, mostly quartz and feldspar.

This area's soil comes from Triassic material, including sandy loam topsoil with
uneroded and plastic clay subsoil. Soils are mainly derived from weathered acid crystalline rocks
with sandy loam topsoil in uneroded area®dthey have friable subsoils classified as Cecil,
Appling, and other serig&ittipongvises, 2017)Several portions of Crabtree Creek floodplain
possess alluvial soil with fine, sandy teaoils of Chewaa and Congaree Series. These soil
types have effective water infiltration performance, enabling the surface runoff to be absorbed
quickly into the underground water taljlénal Environmental Impact Statement Crabtree Creek

Wake County North Carolina Interceptor Sewer, 1976)
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Figure 6 Bedrock Classification Map of the Study Area.
Note PzZrg is Reedy Creek metagranodiaré@ igneous rock resulting from rock

metamorphism primarily composed of feldspar, quartz, and some mafic mi@xhid. is Big

LakeRaven Rock schist,metamorphosed mudstone characterized by platy minerals, including

biotite, muscovite, talc, and chlorite, along with minor quantities of quartz and feldspar. CZsg is

Sycamore Lake greenstone, with a dark color anddimaned texture indicating extrusvor

metamorphosed mafic volcanic origins
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Figure 7 Soil Classification Map of Study Area.
3.1.3Climate

WakeCounty has hot summers and mild wintetsaracterizing the humid subtropical
climate(Wake County, NC Climate.d.) Average summer daytime temperature reache$ 80
to 90 F, with warm and humid nights having an average offe@Gummer climate patterns
largely depend on the entrance of warm temperaandsighhumidity from the Atlantic
OceanCompared to other counties, Wake County has a gentler winter season, and the average
winter temperature ranges fra3 F to 50 F. Daily temperaturelower than20 F are usually
occur for onlyafew days. The average rainfallthe area is 46 inchewith an average of 107

days of rain per year.
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3.1.4Hydrology

The Crabtree Creek watershed cowsargeralportions of the Raleigh metropolitan area
Thewatershed's size, land use, and geokigpificantly impacthe creek's hydrological
behavior.The creek begins from Bond Lake and ends at the confluence with Neuse River, and
on its way, 16 tributaries flow into the creek at various point&2022- 2023, the average gage
height of the creek was 5.42 ft., and the averagterflow ratewas133 cubic feet per second
(Combined Location GraphUSGS Water Data for the NatipR024)

Within the study area, Sycamore, Turkayid Reedy Creeks arestmaintributaries
flowing into Crabtree @eek. Reedy Creek is located at the southern side of Crabtree Creek and
starts at the junction of NE Maynard and Chapel Hill Road (Lat 35.795582,-L8r%53024).
The I ength of the creek that f al bBofwhcht he st u
approximately 1.2 mileare inresidential localities, 2 miles are situated on the SAS Statistical
Analysis System (SAS) educational campus, and 2 miles are located in Umstead State Park.
Before entering the Crabtree Creek, the creek flows into the Reedy Creek Lake. Sycamore and
Turkey Creek meeatbove tle eastern boundary of Umstead State P@dmpared to Sycamore
Creek,Turkey Creekprocesses higher runoff frorasidentialareaswhich could potentially alter
the water quality statua Craliree Creek downstreanf their confluence.

The study area also has five seasonal nameless stiEaenfirst stream, near the North
Cary Wastewater Treatment Plant, collects effluent from the treatment plant and discharges into
Crabtree CreekAnother seasonal stream flows about a mile downstadhe first stream
connecting Foxcroft Lake to Crabtree CreBklow this stream is twmorestreams locate@.1
miles down, on either side of Crabtree Cre@lowards the northern side of Crabtree Creek,

below the previous streanmemother creekemerges from two valleys, creating a ridge within
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Figure 8 Hydrology Map of Study Area.

Crabtree Creels important in flood control for the Raleigh area because a considerable

portion of the creek flows througieveral urbanized are@/Nikiwand- Crabtree Creek (Neuse

River Tributary) n.d.) Forecastingloodsand contrding floodplains are crucial for

safeguarding local infrastructure and communities. UrbanizaganCrabtree Creek has
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changed its hydrology dke population of Wake Counhas grownCary, for example, grew
from about 4,000 residents before 1980 to over 120,000 in(&&22Rin, 2023) Surface runoff
canbeincreasd, and flow patterns can vary if there are more impervious surfaces, such as roads
and buildings. Pollutants from urban stormwateerflow canharmaquatic habitats and the
quality of the creek’s water.

Crabtree Creek illustrates a frequent history of fiodake to its vulnerability to water
level changes. Floods in the creek can occur even during moderate rahdaRaleigh City
official initiated actions to prevent floods from the creek at different points in theAtegshpts
to mitigate tle floodissue by constructingetention ponds on the creakd its tributaries have
only provided partial relief, as rapid urban development in Wake County has led to increased
stormwaterrunoff. Crabtree Valley Mall got its name from the crdeuring the mall
constuction, the creek was redirected into an artificial channel behind theThate were
predictions that the mall would face flooding, and indeed, the new creek channel behind the mall
has proven insufficient to handle peak flows.

The average water level on Crabtree Creek by the mall on Glenwood&Ngéns ft
The highest recorded water level of Crabtree Creek measured there occurred in June 1973,
shortly after the mall's construction, reaching 27.69 feet (8.44 m). The second highest water level
on record, 23.77 feet (7.25 m), was caused by Tropical Stormtdline2006. Hurricane Fran in
September 1996 resulted in the tHnidhest water level, reaching 23.00 feet (7.01Dwixing
these outbreaks, several portions of Raleigtluging commercial areas downstream from

Umstead State Park, experienced intense floods.
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3.1.5Reviewof Cr a bt r e eWdier Qualikyd s

In most caseglissolvedoxygen (DO), pHgconnectivity,turbidity, metal, andhutrients
are mainly used to assess water quality. DO usually giesnation onwater conditions,
including its support for aquatic life and durability @xternal discharggdNeuse River Basin
Ambient Monitoring System Repd2012) The DO standard varies depending on the type of
water (i.e, 6.0 mg/l for nortrout water and 5.0 mg/| for trout watepH is a measurement that
decides the acidic or base properties of the waitex.pH scaleangefrom 0 to 14 with an
optimal neutral level of 7ThestandargpH value forthe creekreferring toclass Cnon-trout
Piedmontwater, as identified in 15A NCAC 02B .0208, is betweeangl9 (Surface Water
Standardsn.d.) Any value lower ogreaterthan this value requires special management
attention.

Similarly, conductivity is crucial in determining water qualitymeasurefiow well
water can transmit an electric curregamd the presence of ions and temperature are the main
actors in this determinatio@n the other handuyrbidity indicates the clarity of water by
measuring the amount of light that passes throudtigh turbidity values usually characterize
streams that receive pollutants from different sesir@ urbidity is expressed Mephelometric
Turbidity Units (50 NUT) and tke amount less than or equal to 50 Nephelometric Turbidity
Units (50 NUT) isregulatedas an optimal standard for nénout water inPiedmon streams. If
natural factors cause turbidity to exceed these limits, the cuurbidity levelmust not be
raised. The metal concentration in water is essential for aquatiméfeding different elements
with different thresholds. However, concentration over the threshold can be harmful. Therefore,
the Department of Water Quality has been performing routine assessments of metal

concentrations using ambient monitoring sites.
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Reports saidhatthe dissolved oxygen (DO) concentration at the Umstead (Gtadse
the quarry site was relatively lowand nutrient concentration (especially total nitrogen) was
high near Ebenezer Church Rdaelow the quarry(Neuse River Basinwide Water Quality
Plan, 1998)It is claimed that the possible causes of quality degradation at these specific include
runoffs from industrial sites, illicit discharge from industrial and commercial industries, failing
septic systems, leaking sewer mains, sawitary sewer overflow

Dueto urban development, Crabtree Creek possessed the highest tufibiditpajority
of the problems include high turbidity and specific conducti@itguse River Basinwide
Assessment ReppR001) The report alsgtated that the creek’s total phosphorus and ammonia
concentrations were higimedian > 0.15 mg/L). The conductivity was ailsoreasedreaching
360 umhos/commaking it the highest in the Neuse River subbasin 2. The concentrations of
dissolved oxygen and total suspended salideeharmful Higher iron concentratiawerealso
observed at Ebenezer Church R@aelow the quarryin 2002 due to upstream construction and
streambank erosioiNeuse River Basinwide Water Quality Plan, 2002)

An independent assessment in 2009 described the same finding of stressful turbidity
levels(Bonner et al., 2009 he turbidity value ranged from 25 and 23U in the spring and
fall to 58.2NTU in the winter.The 2011 Ambient Monitoring System Report recorded several

violations of DO and turbidity &t i t es wi t hin the present studyods

3.2Data and Analysis Procedures
This studyanalyzed the impacts on water quaiiiytwo parts Thefirst analysisused
historicalwater qualitydata from ambient monitoring sitestablished by the North Carolina

Department of Environmental Qualitwhile thesecondocused orfield measurementhe
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focal parameters fdhefirst analysignclude dissolved oxygen (DO), specific conductance,
turbidity, pH, water temperature, copper, lead, zinc, hardness (Ca, Mg), and total solids.
However, the second analysis was constrained by limited time and financial resources, resulting
in a focus on dissolved oxygen (DO), specific conductance, turbidity, anél pidual and
photograph survey was also conduaisihg R softwaréo support the findingsf the analyses

3.2.1Ambient Water Quality Data and Analysis Procedure

The National Water Quality Monitoring Council in the United States has been facilitating
the Water Quality Portal where several Ambient Monitoring System (AdA&) for water are
collected and shared for public access. The AMS dateodiected by state agencislowing
standard operating procedurg&sey argrimarily usedo monitorwater quality to check
compliance with the statebds water quality sta
present the temporal and spatial trend in water gualitdassess the anthropogenic impacts of
NPDES(NCDEQ, 2017)In North Carolinathe North Carolina Department of Environmental
Quiality has been collecting water quality information all over the state by defining national
ambient sites (Figure 9).

Along therelevantportion of Crabtree Creek at@o AMS stations(Figure 10 & Table
2). Forthe analysis purpose in this study, the two sitemaneediUpstream Site(Lat:
35.83770, Long: 78.78084a n d fi D o wSited (Lat: 858841000 Long:-78.744000
according to their locatiorhe upstream site has a dataset ranging iay 1982 to January
2022 However, data availability at the downstream sites is limited as the site was relocated to a
location 0.3 miles downstream of the original place in 19%&refore, the range of data at the
downstream point only covers 1982 to 1995. Therefore, the current study exclusively focused on

this interval.This decision was made due to the potential variability in water quality at the
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relocatedsite, as Sycamore, Turkey, and Reedy Creeks intersect at different intervals between

thedownstreamandrelocatedoints.
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Figure 9 Location of DEQ Ambient Water Quality Monitoring Stations in Wake County, North

Carolina.

Two dischargs from the North Cary Wastewater Treatment P@MECWWTP)and
Wake Stonebs Triangle Quarry are IThecat ed with
discharge from NCWWTP igpproximately 0.04 miles (207 feet) below and 3.2 miles above the
upstream andownstreanstations respectivelyTh e Wa ke St oneds di scharge

belowthe upstream and 1.41 miles abovedbenstreanstations.
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Location of DEQ Ambient Monitoring Sites and Wastewater Discharges
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Figure 10 Location of Ambient Monitoring Sites and Wastewater Discharge Points in the Study

Area.

Table 2 Ambient DEQMonitoring Sites in the Proposed Study Area

Subbasin/ Name Location Lat Long Time
ID
J2850000 Upstream Crabtree Creek 35.83770 -78.78084 1982- 2021
Site at SR 1795-40
(near Umstead
State Park)
J2860000 Midstream  Crabtree Creek 35.84100 -78.744000 1982- 1995

Site

at SR 1793-40
(in Umstead
State Park)
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The primary independent variable in this study is the location of sampling sites (i.e.
upstreamanddownstreany while the dependent variables compiassrested water quality
parameter# dissolved oxygen levels, pH levels, water temperature, specific conductivity,
turbidity, hardness, copper, iron, zinc, and total solids within the water samples

During the data preparation, it was observed that some values were recordexh tivece
same dayr within a month These data were combined for analyaisd the average value was
usedfor comparisonsFurthermore, the investigati@xaminedhe temporal discrepancy
betweerupstream andownstreammeasurement®bservations revealed that this temporal
differential spanned from 10 to 45 minutéberefore, his temporal alignment mitigated the
variance in measured values for metrics sensitive to temporal changes, such as pH, dissolved
oxygen (DO), and conductivitynformation about the data was examined to ensure that it
fulfilled certain standards, such as the use of consistent measurements for the same object, the
data followng normal distribution, and the data benmegorded in metric formaFinally, a
pairedt-testwas used for water quality comparisdretween the two sitegestingeach
parameter's changes in upstream dowinstreansites In addition tothe ttest the following

steps were followetb preparéoxplots and trend analysis for visual reporting.
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Table 3 Preparation steps for visual illustration

[llustration

Method

Monthly Water Quality Trend

Graphs

Difference Variation by Year

Difference Variation by Month

Seasonal Variation Graphs

Averaged monthly measurement value and displayed

trends

Averaged monthly valuesalculated the differences by
subtracting the downstream value from the upstream

value data were present on boxplots

Averaged monthly values, Calculated the differences t
subtracting the downstream value from the upstream

value data were present on boxplots

Averaged monthly valueslefined seasons; Winter = De
JanFeb, Spring = MaApr-May, Summer = JudulAug,

Fall = SepOct-Nov, data were present on boxplots
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3.2.2Field Water Quality Analysis and Visual/Photograph Survey

3.22.1 Field Data and Analysis

In order togain practical field experience in water quality sampling, | performed example
field data monitoring on several sites by the quarhe North Carolina Aquatic Data Hub
Methods Manuails used as standard procedure for field water quasigmpling activities.

Stream visual surveys, which collect information about thileisppearance of water, the

presence of fish, aquatic plants and birds, and any disturbance in the stream, were performed in
all field measurements. Three sampling sfieable4 & Figurell), S 001i Crabtree Creek at

Quarry, S 002 Reedy Creek, and S 003rabtree Creek at40, were identified, and
measurements were conducted biweekly from the third week of December 2023 to the last week
of February 2024 with fivéotd field visits. S 001 is located right below the point where the
guarryos di s c h anrthe Stdte RatkSa00iseldcated at interstate 40, where the
creek flows through thkighway, and measurements at this pdiegan two weeks latethan the

other two sitesData were also taken from the sifgout 0.1 mils upstream of Reedy Creek

Lake S 002 This pointwas used as a control for comparison with Crabtree Ghaeko limited
disturbance by human activities.

Water quality data were collected using the YSI (Yellow Springs Instruments)
Professional Plus Multiparameter Instrument and the turbidinptetemperature, dissolved
oxygen, and specific conductivity were measuresitu, while the turbidity of the water vga
measured by taking grabbed samplkefore eachmeasurementalibrations were performed for
specific conductivity (wit,hlissalveddy@w&andpB/ cm cond

(utilizing pH 7 and 10 buffer solutiohs theJordan Hall Addition watdaboratory at room
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temperature. The YSI was then taken into the fiail data were recorded by placing the probe
at a depth of six inches

Legend

&+ Crabtree Creek

&+ Reedy Creek

® Sampling Sites

2A

Figure 11 Location of Field Data Water Sampling Points.
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Table 4 Location of Field Sampling Sites in the Study Area.

Sampling . Sample Frequency
D Name Location Lat Long Parameters (times)
S 001 Downstream Downstream of 35.841744° -78.762151° pH, Dissolved Oxygen, 5
t he Qua Specific Conductivity,
Discharge Turbidity
Channel
S 002 Control 0.1 mile 35.833971° -78.744676° pH, Dissolved Oxygen, 5
upstream of Specific Conductivity,
Reedy Creek Turbidity
Lake
S 003 Upstream Upstream of 35.839307° -78.780225° pH, Dissolved Oxygen, 3

quarry,Under
the Bridge at
the intersection
of 1-40 and

Crabtree Creek

Specific Conductivity,
Turbidity
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For turbidity testing, grabbed water samples were taken by rinsing tuéepresd
polyethylene bottlethree timesvith sample water and taking the sample six inches below the
surface. The bottles were theeansported to th@ordan Hall Additiorwater laboratory at the
College of Natural Resources, North Carolina State University. Subsequently, the samples
underwent testing with a turbidimeter, previously calibrated at three points (5 NTU, 55 NTU,
and 550 NTU). The YSI measurements and samplectah bllowed a downstreasto-

upstream sequence to minimize the risk of any potential alterations due to disturbed activities.

(A) Field Measurement using YSI and (B) Turbidimeter for Laboratory
Grab Sample Containers Turbidity Testing

Figure 12 Water Quality Data Collection Toals

Due to the limited observations from field data, the findings were presented using

descriptive summary statistics and visual graphs. No statistical test was used for field data

testing.
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3.2.2.2Visual and Photograph Survey

The purpose of the visual and photograph survey is to collect evidence of the events that
occurred during the field trip. The visual survey template fid North Carolina Aquatic Data
Hub Methods Manuakas used to collect informatioelating to site conditionsSeveral

photographs were taken from the samgpplaces during different trips.
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CHAPTER 4: RESULTS AND DISCUSSIONS

4.1 Ambient Data Analysis

The present study analyzed the changes in dissolved oxygen, temperature, pH, specific
conductance, turbidithardness (Ca, Mg), copper, lead, irpimc, and total solids concentration
between the upstream addwnstreanpointsfrom 1982 to 1995After fulfilling the
assumptiog, such ashormality, the use of the same measurement on the same object, atpaired
testwasused to examine any significant differences between théotvetionsfor each
parameter.

4.1.1 Turbidity

Turbidity is a measure of water clarfty SEPA, 2021d)An increase in turbidity results
in cloudiness or muddiness of water, and it can also affect other water quality parameters such as
specific conductivity, total dissolved solidissolved oxygen (DOjJptal dissolved solids, and
hardnessTurbid water usually illustrates decreased DO levels and increased water temperature
(USEPA, 2021d)The most common humanduced factors that cause high turbidity in rivers
and streams include cleautting of forest areas, mining, construction, poorly treated wastewater
discharges, algal growth due to fertilizer use, and urban rg@wfT, n.d.; USEPA, 2021d)

An optimal level of turbidity is necessary to retain a healthy aquatic ecosystem. Any
exceedance beyond this level will block fish grills or the fifesxding system, reduce predators'
visibility to find prey, decrease aquatic plant biomass and growdh date to limited sunlight
availability, diminish fish resistance to disease, and alter reproduction prodessesgore, the
North Carolina Department of Environmental Quality (NCDEQ) set the standard turbidity level

for thenontrout Piedmont streamt 50 NTU. Depending on the degree of exceedance, any
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value surpassing this threshold necessitates specific attention to ensure adequate protection
measures.

Elevated turbidity levels exceeding the standard limit are observed in the data {Bgure
from 1982 to 1995The meanturbidity value at the upstream pofabove the quarryiy 38.6°
48.1NTU (median 30 NTY, with a minimum of 1 NTU and a maximum of 750 N;,Twhich
makes the creek have the highest level in the entire subbasimighest turbidity value (750
NTU) was recorded at the upstream point in 198¥ downstreansite hasa meanvalue of37

© 48.7 NTU (median37 NTU) with a minimum of 1.4 NTU and a maximum of 380 NTU.

Location
—(b_mid

== tb_up

Turbidity (NTU)

CEFE

e
e
-

ey

)

TR S ey

Year

Figure 13 Comparison of Upstream and Midstream Turbidity Trends (198295).

NoteZsThe highest turbidity measurement (750 NTU) at the upstream point during 1984 is

excluded from the plot due to its visual difficulties.
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The statistical test for turbidity revealed that the upstream site (above the quarry) has a
higher turbidity most of the timgpéired ttest, t = 2.5206p < 0.0). Despite the temporal
difference, this finding was reinforced by the visual/photograph survey of the study taken in
2024 (Figureld), which illustrates higher turbidity at the upstream point (above the quarry)
Similarly, the turbidity boxplot for the seas@figure16) and the difference variatian year
and month (Figuré5) show that the upstam has higher turbidity levels than d®@vnstream

sitethroughout the assessed period

Source: Field Data Collection (2/28/2024)
Figure 14 Comparison of Water Turbidity at the Upstreéfy) (above the quarry) and
Midstream(B) (below the quarry) Sites.
NoteX, The photographs taken on the same date illustrate the muddy and brown watercolor at

the upstream (Left) and the less turbid color atdbe/nstrean{Right)
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Figure 15 Turbidity Differences by Year and Month (1982995).

NoteZsThe higher turbidity values at the upstream site (ite2, median valueis the boxplot lie

below the red line) are observatinostevery yeamndmonth The highest turbidity

measurement (750 NTU) at the upstream point during 1984cisded from the plot due to its

visual difficulties.

Location

Turbidity (NTU)

Figure 16 Turbidity Variation by Season and Location (1982995).

NoteZ2The highest turbidity measurement (750 NTU) at the upstream point during 1984 is

excluded from the plot due to its visual difficulties.
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TheDEQ has been working on Nesue Rive basinwide water quality assessment and
management planning using ambient water quality GaviousDEQ ambient reportand
management plarclaim that turbidity at the upstream site resulted in several exceedances of the
standard threshold due to urban rur(dféuse River Basin Ambient Monitoring System Report
2012;Neuse River Basinwide Assessment Repof@il; Neuse River Basinwide Water Quality
Management Plan, 1993; Neuse River Basinwide Water Quality Plan, 1®988pportof the
D E Q @inglings, the study also suggests thpstream turbidity levelare likely attributable to
sediment disturbance originating from the creek's diversion point at Crabtre@Higke 17.
Moreover, thevariation in tubidity between the two points seems stgBligure 18)reflecting

the continued existence of contributing sources.

Source: Field Data Collection (2/28/2024)

Figure 17 Diversion of Crabtree Creek at the Crabtree Lake

Theupstreanmsampling location isituatedapproximately 0.5 miles and 1.78 miles above

the discharges from the wastewater treatment plant and the ,qeapgctively According to

the field photograph survey, the water <clarit
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than Crabtree Credlcigure 19)T h e

decreases the turbidity of the water downstream.

Turbidity Difference (NTU)

100 150

50

-50

-100

di lution effect
o o
o o o
o
—
—— 1 1 —_—
1 | ]
' 1 = ]
: 1 o T
—— 8
9 o
o o
o
o
T T T T
Fall Spring Summer Winter

Season

Figure 18 Turbidity Difference According to Seasons.

from both

NoteZs The boxplot median valuéis below the red line and indicate that the turbidity values

are greater at the upstream sifEhe highest turbidity measurement (750 NTU) at the upstream

point during 1984 is excluded from the plot due to its visual difficulties.
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(A) Confluence of the Discharge from (B) Dischargel Water from the Wake
Wastewater Plant and Crabtree Creek Stonedbds Quarrtr

Source: Field Data Collection (2/28/2024)

Figure 19 Comparison of Water Clarity from the treatment plant, quarry, and Crabtree Creek.

4.1.2 Water Temperature

AWater temperature is defined as the amoun
molecules and is measured in degrees Fahrenheit (F) or Celsiu@IESEPA, 2021h)The
temperature indicates the warmness or coldness of the Watercreasein stream temperature
causes consequential alterations in various ecological parameters, notably drops in dissolved
oxygen (DO) levels, increased solubility of metals and toxins, increased toxicity towards aquatic
organisms, and excess algal bloo®isortterm temperature changes in water bodies cam ha
aguatic organisms in reproduction, feeding, and growth. It can also limit the productivity of
macroalgae and seagrasses, mattiegh more vulnerable to diseases and parasites. Moreover,
thetemperature increase may force aquatic organisms to leave their h&nmt#tg. other hand,
long-term temperature rise brings more serious threats to aquatic organisms through loss of
temperaturalependent species, change in aquatic population, and loss of aquatic habitats

through increased salinity and water area shrinkagécdinereased evaporatioRor protection
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purposes, NCDEQ promulgated the maximum temperature threshold ftronb®iedmont
streams in North Carolina as 32.

Several natural and humamade factors influence the temperature variation in surface
water. In natureweather pattesn(precipitation, atmosphere temperature, wind speet|
presence oflouds), stream flow, and evaporation rate lead to temperature changes.-Human
induced factors include stormwater runoff for residential areas and roads, loss of shading on
stream banks due to vegetation removal, cooling wastewater discharge from power glants an
other facilities, impoundmentand turbidity.

The water temperature analysis displayed thatteantemperature at the upstream point
is18° 7.8 C (median 17 C), while thedownstreanpoint is16.4° 7.0 C (medianl16.5 C).
Theminimumandmaximumtemperatures for the upstream alwvnstreansites rangérom
1 Cto 31.6C and 1C to 30C, respectivelyA significantdecreasén temperature was
observedt the downstream sites (below the quadwy)ing the tesfpaired ttest, t= 6.2751, p <
0.01). Although the turbidity is higher at the upstreaites,the temperature comparison resulted

in a decreased trend at tth@wnstreansite.
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Figure 20 Comparison of Upstream and Midstream Temperature Trends {12895).

The studyfound noexceedancef the North Carolina Surface Water temperature
standard<= 32 C) for nontrout Piedmont strean{&igure20). During the study, the summer
season hathe highest temperature readings, while the winter season had the lowest temperature
readings Additionally, it was found that the temperature differences between the upstream and
downstream monitoring sites were maiiceablen summer(Figure21). The boxplot
illustrating the yearly difference in variatigrigure22) indicates a consistent trend of higher

water temperatures across the yeand in all monthspanning from 1982 to 1995.
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Figure 21 Temperaturé/ariation by Season and Location (1982995).
NoteZ2The boxplot illustrates no temperature variations during the fall, spring, and winter

seasons, while some fluctuations are observed during the summer months, particularly with a

higher levelrecorded at the upstream site.
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Figure 22 Temperature Differences by Year and Month (1989295).
NoteX,The placement of the median value betlogvredline in the year and month difference

variation suggests that water temperatures tend to be higher at the upstream sites.
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The present study highlightedsgnificantdecrease in water temperatasethe water
flows downstreamwhich occurs during the summerghe storage of turbid water in Lake
Crabtree will create a longer contact with sunlight, increasing the water tempdbaiung. the
summerseaspwh en Cr abtree Creeko6s water | evel s |
decrease as it flows downstream of Lake Crab&keether factor that will potentially affect the
temperature decrease is the presence of woods along the bank of Crabtree Creek, which prevents
sunlight from r eachi Additiobalyedectensedetikbiddy algoat er sur f
facilitatesa decrease itemperaturdUSEPA, 2021d)and his claimis consistent with the
improved turbidityleved ue t o t he effluents from Wake Ston
treatment plantHence, we can infer that tiflew of water out of Lake Crabtree, the presence of
woody vegetation, and trefluent fromthe quarry and théreatmenplant may contribute to

reducingwater temperature.

4.1.3 DissolvedOxygen(DO)

The dissolved oxygen (DO) level refers to the amount of oxygen in WaeEPA,
2021a) It is crucial in indicating a water body's health and its support of aquatic life. Different
aquatic lifeforms depend on DO concentration, and sensitivities vary by species and life cycle
stagesFigure(23) specifiesthe range of tolerance level of dissolved oxygen in the fish
population. A higher DO concentration is essential to maintain a healthy aquatic environment.
The stressful level of DO will adversely impact breeding, growth, and activity, and th@moo
condtion will evenaffect their survival. ie minimal dissolved oxygen (DO) requirement varies
significantly among aquatic species. For instance, trout necessitates alifybhencentration

than species such as carp, which adapawer DO conditions. Immate stages of certain
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aguatic insects demonstrateincreasedensitivity to diminished DO levels, while other
organismssuch as aquatic worms and snaliisplay greater resilience to reduced DO
concentrationsAccording to the NC surface water standard, Piedmont streamdr{uhmust
retainnot less thaifia daily average of 5.0 mg/l with an instantaneous value of not less than 4.0
mgllo. A decline below the standard | evel will

especially for early life stages.

mg/L Dissolved Oxygen

0O 10 20 30 40 50 60 70 80 90 100

Too Low Stressful Supportive

Figure 23 Range of tolerance for dissolved oxygen in fish.

Several factors influence the DO fluctuatiofke reaeration phenomenon, brought by
the intermixing of air and water during wave actions, rapids, and waterfalls, has been observed to
boost dissolved oxygen (DO) concentrations within aquatic sygtéeuse River Basinwide
Water Quality Management Plan, 1998yuatic plants can also release DO during their
photosynthesis process. On the other hand, the decomposition of organic matter, such as leaves,
dead plant parts, animals, and other wastes by aquatic bacteria, can also deplete DO in natural
streams. InstiCient sewage treatment at wastewater treatment planslsadecrease
dissolved oxygen (DO) levels due to the accumulation of organic components and an accelerated

decomposition rate.
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According to the study's analysis, there is an increase in mean DO at the downstream
point (below the quarry) (Table5) he studydés analysis result spe
between the two sites exhibits a significant differefpagred ttest, t = 3.2434, p < 0.0I)he
average DO value at the upstream sit@ 2s+ 2.8 mg/l (median of 8.0 mg/hangingfrom 2.3 to
14.7.Meanwhile, the downstream site shows a valu@.58 + 2.3 mg/l (median of 8.3 mg/l),
with values ranging from a minimum of 2.88a maximum of 14.8bservatios from the
yearly difference graph for 1982 to 19@5gure- 25) indicated that theownstreanpoint
(below the quarry) has a higher DO value compared to the upstream site (above the quarry).
Exceedances of the North Carolina standard dissolved oxygen (DO) level, set at less than 5 mg/I,
were predominantly observed at the upstream site. Moreaarrences of DO levels falling

below this standard were noted to become more frequent at the upstream site following the year

1989.
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Figure 24 Comparison of Upstream and Midstream Dissolved Oxygen Trend (1D325).
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Figure 25 Comparison of Upstream and Midstream Dissolved Oxygen Trend (1D325).

Figure(25) denotes a higher level of DO at tti@wnstreanocation (below the quarry).

However,a diminished DO trend was observed at the downstream location after 1991. DO

differences between the two sites were mainly observed during the fall, suamchevinter

(Figure26). Higher DO values were observedwmtertime and the lowest in summer. However,

exceedances of the standard limit (at least 5 mg/l) were found during the fall and summer

months.
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Figure 26 Dissolved Oxygen Variation by Season and Location (198295).

The upstream point (above the quarry),
diversion at Crabtree Lake, has higher turbiditiiich may probably contribut®e a low DO
valueat this pointResults disclosed thdtd water receives more DO as it flows downstream.
This condition is probably due to the dilution effect of the discharge points from the quarry and
the wastewater treatment plant, which impowe turbidity of the water between the upstream
anddownstreansites. Less turbid water offers maenlight to reach the aquatic plants and
helps improve their photosynthesis capacity. Consequently, the water becomes more
concentrated with DO, creating favorable conditions for aquatibdifereen the upstream and

downstreantocations
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4.1.4 Copper

Copper (Cu) is a trace element naturally odogrin surface watefUSEPA, 2014)
Copper pollution in natural waterways mainly results from industrial discharges, algaecide, and
water oxidatioron brass tubing and copp&opper has a higtapacityto conduct heat and
electricity, reflecting a greater level of conductivity in watdthough the trace copper
concentration in water bodies benefits the growth of living organisms, excessive amounts can
pose severe threats to aquatic life for@gpper is a hardnestependent metal, and the critical
threshold is usually calculated based on its hardness wekver, for ambient monitoring, the
maximum allowable copper limit for acute (sht@tm or immediate) measurement iswl.

During the selected time intervail the study copper was not detectatianearlier time
(i.e., 19821 1987),exceptfor one instancen February 198at the downstream sitehen Lake
Crabtree was opened to the publiicthe majority of the yearshe detection appears consistent;
for instance, if no detection occurred at the upstream site, no detection was observed at the
downstreanpoint.t The upstream site exhibits a mean vall
ranging from 0 ¢€g/ L i(mum).fhedownstieansitede@chstratasgsa L ( ma x
mean of 2.9 N 4.1 eg/L (median 0), wiNoh a min
significant differenceén copper level between the two monitoring sitess observed (paired t

test, t =0.0342, p #0.9729.
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Figure 27 Comparison of Upstream and Copper Trends (198295).
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Figure 28 Copper Differences by Year and Month (1982995)
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Figure @9) shows the cacentration of copper according to the seasAhbothsites,
cases exceeding the ERAcommended copper level (less than 7 pg/l) were predominantly

observed across nearly all seasons.

. Location

. cu_up
. cu_mid
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Figure 29 Copper Variation by Season and Location (1982095)

4.1.5 Iron

Iron is afrequently occurring metal within the Earth's crust and is commonly found in
proximity to regions where hambck mining operations are conduci{g&hdmus et al., 2018)
Many natural rock formations contain iron elements that rain carries into water podiesn g 6 s
EcoWater Systems, 2020)he geographical characteristics of a region are crucial in regulating
the concentration of iron in natural watercour@gdsViamun et al., 2019)Moreover excessive
iron concentration is also characterized by the presence of pollution sources and discharges from
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wastewater treatment plants. Quarrying operations can release iron minerals during blasting, the
release of stonwashed water, and dewatering from piErthermore municipal water systems

may includepollutants, and inadequate treatment processes can result in elevated accumulations
of heavy metals, such as iron, within surface water boHigs. iron concentration in water does

not result in human health impacts but can, depending on the pH level, affect theinglbf

aguatic animals.

The study found that the concentration of iron was higher at the upstream site, with an
average of 2337 + 2746.3 pg/l (median 1700 ug/l), compared to the downstream site, which had
a median of 1943 * 3444.7 pg/l (median 1200 pgMe upstream and downstream sites have
values ranging from 100 ug/l to 28,000 ug/l and 100 ug/l to 33,000 ug/l, respedtively.
significant differencavas observebtetween the twépcationsduring the tesfpared ttest, t =

1.4424p = 0.332)

Location

Iron (ugh)

Figure 30 Comparison of Upstream and Midstream Iron Trends (198295).
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Figure 31 Iron Differences by Year arfdonth (1982 1995).
NoteZsThe iron concentration is greater in the upstream area (i.e. most of the median values in

the boxplots are below the red line).
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Figure 32 Iron Variation by Season and Location (1982995).
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Higher iron reference was also noted, exceeding the formerly described threshold of 1000
ny/l. The Neuse River Basinwide Assessment Report 2001 showed thhirtigoof the basin
area has a 10 percent succeeding level of the stafidande River Basinwide Assessment
Report 2001) However, the NCDEQ claimed that the higher iron concentration in North
Carolina is due to the geology of the Blue Ridge region and is unrelated to individual
dischargers, urban runoff, or mining operatid€DEQ, 2009) The threshold of 1000g/I for
North Carolina Surface wateras removed lateSimilar tocopperconcentrationtheiron

concentrations wereigher upstrearthan the downstream values

4.1.6 Zinc

Zinc is anessential trace element for animals and plants, and it is usually present
naturallyin trace amounts in surface watkris used in many commercial production sectors and
can be released into water bodies through wastewater dis¢Rangeer, n.d.)in most cases,
zinc does not dissolve in surface water and settles to the badttpratic animals, such as fish in
these areas, tend to have accumulated zinc levels due to consumption ov&ithiongh a
higher zinc level, except an excessive amount, has no adverse impacts on humans, a lower
concentratiorexceedinghe standard limitan lead to toxicity to fish and aquatic organisms.
North Carolina has a critical zinc level of B@/I.

Thesampledzinc valueresultsin the mean zinc concentration upstreast.9 ny/l
(median Ong/l) and downstrearas6.4° 9.8 g/l (median Ong/l). No statistical difference
resultedn themeasured valubetween théwo sites(paired ttest, t = 0.2635, p = 0.7932)

Measured zinc values fall within the NC surface water zinc stammddeds than 50rg/I 0).
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Figure 33 Comparison of Upstream and Midstream Zinc Trends (198295).
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Figure 34 Zinc Differences by Year and Month (1982995).
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Figure 35 Zinc Variation by Season and Location (1982995).

The presence of lead was not detected during the study period. Copper and zinc were
present, but the meamdmedian concentrations were slightly higher at the upstream, point
implying that the elevated conductivifgee section 4.1.8)ardness levelsee section 4.1.9)
and total solids (see section 4.1.283 unrelated to these metdléoreover, their concentration
remained stable for most of the years; for example, when there was no observation at the

upstream point, it was typically absent at the dstneam site.
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Figure 36 Comparison of Mineral Concentration in DEQ Ambient Monitoring Sites (Upstream

and Midstream).

4.1.7 pH

The pH level of water indicates the concentration of hydrogen ions (H+) present in it
(USEPA, 2021c)pH value ranges from 0O to 14, with a neutral level of 7. Greater values than the
neutral level indicate a more basic nafwriile smaller valuesre acidic pH values are
describedn a logarithmic scale, where each unit change corresponds tdaddteifference in
acidity or alkalinity. For instance, a decrease in pH from 7 to 6 indicates that the water is ten
times more acidic, while a decrease from 7 to 5 represents a hdptitéacrease in acidity.
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Therefore, pH is commonly used in several water quality measurement and monitoring tests,
including wastewater treatment and quality manageiiti, 2015)

The pH of surface water varies naturally depending on geographical conditions,
interaction with soils, and the total constituents of water and r{Nefise River Basin Ambient
Monitoring System Rep@r2012) Discharges from point sources can also alter the pH level. The
toxicity of certain metals is mainly dependent on pH level. For example, aluminum, lead,
mercury, copper, and arsenic become toxic to aquatic organisms at lower pH levels due to high
solubility (USEPA, 2021c)Additionally, pH levels can inform the health of the aquatic
environment. Too acidic or base conditions can damage aquatic organisms' gills, fins,
exoskeletons, and other important components. Generally, some small invertebrates and fish are
pH-dependentfish eggs cannot hatch at a pH level lower thafidgure @7) shows the critical
pH levelaccording to different species. In order to maintain healthy living conditions, North

Carolina State promulgateke standard pH level of 6 9 for water bodies @lssified as class.B

Salamanders ‘\ 5

Perch P« 45
Frogs & 4

Figure 37 Critical pH levels for aquatic organisms
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The pH value at the upstream point ranges from 5.7 to 7.7, with a mearf d.8.9
(median 6.9). Theownstreanpoint has a minimum value of 5.7 and a maximum of 7.8, with a
mean of 7.0 0.4 (median 7.1). There iss@gnificantdifference in pH level, indicating a higher
level at thedownstreanpoint (paired ttest, t = 3.6911, p < 0.0)L Boxplots of pH difference

variation Eigure39) alsosupportthis finding of significancewith all theboxplotmedian lines

standing above the red line in all years and nmenth
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Figure 38 Comparison of Upstream and Midstream pH Trends (198295).

Compared to other parameters, pH has less seasonal vaiiragjore40). The

downstreansite (below the quarry) has a higher pH value, close to the natural level of 7.0, in the

falls, springs, and summers. In contrast, the upstream has a higher value in winter. Generally,

pH values from ambient dat a 9nit@8a)dSomeidécinesn Nor t
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below the minimal level of 6 were noted for the upstream statibmsever, it is unlikely that
one or more pH exceedances will negatively impact aquatic organisms, as the impact may

depend on the intensity and duration of the exceedances.
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Figure 39 pH Differences by Year and Month (1982995).

NoteZ2Greater pH values (median lines of boxplots are above the red line) were observed at the

downstreansites for all years and months.
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Figure 40 pH Variation by Season and Location (1982995)
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The pH difference between the upstream and downstream sites is probably explained by
the variation in temperature and turbidity between these two p@iattertemperatureand pH
are inversely proportiongAtlasScientific, 2023)and thedeclinein water temperature results

increased pH.

4.1.8 Specific Conductance (Conductivity)

Conductivity measures how well an electric current can pass through thd WSERA,
2013) Although conductivity des not directly affechquatic weHlbeing, it indicates the
presence of discharges or other pollution soufd&EPA, 2013)Water bodies tend to have a
constant range of conductivity, and changes in this range usually indicate the presence of
discharge or some other source of pollution. Specific conductivity is critical for tracing the
source obollution, as affected streams usually characterize elevateductivity levels
(Wenner et al., 2003The concentration of minerals, temperature, and salinity are positively
associated witthe conductivity(Neuse River Basin Ambient Monitoring System Rep6(t2)

According to the analysis, specific conductivity suggests a significant difference between
the two monitoring sites (paireddst, t =-7.42,p < 0.0). Analysis results also highlight that the

specific conductivity values at the upstream site vary 288 n5/cm to 43h6/cm and possess
a lower average of 1105/cm® 50.3 (median 945/cm). In contrast, a higher average is noted
at the downstream site, reaching 1645619 n5/cm (median 108.66/cm) with a minimum of
30nB/cm and a maximum of 54/cm After the quarry and the North Cary Treatment Plant

started operating in 1984, itm®tedthat the specific conductance at the downstream site

increased from 1985 to 1995
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SC Difference (Year)

100
1

0

°

T iéH

:

°

1

i

100
1

.

Beall.t

T

Year

T T T T T T T T T T T T
1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995

SC Ditference (Month)

200 300 400
1

100

100

Eé;ééggggﬁég

o

T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

Figure 42 Specific Conductivity Differences by Year and Month (198295).

Regarding seasonality, the most significant differences were detected in fall and summer,

although minor differences were observed in spring and wirigure @3) shows that the

conductivity values at théownstreanpoints were elevated in almost all seasons, with

significant levels in fall and summer. Several violations of EPA's conductivity fangatural

surface water (0 200 S/cm) are more common at the downstreaenrsiall season@=igure43).
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Figure 43 Specific Conductivity Variation by Season and Location (198295).

An increase in water temperature can resudthigher specific coductivity (USEPA,
2013) Contrary tothis claim the seasonal temperatwariation observed during this study
(Figure43) indicatedthe opposite trend where the temperature at the upstream is higher than the
downstreamSummer had the highest median water temperature, but it was higher upstream
Based on this discovery, it is reasonable to concludedahgidrature fluctuations are unlikely
attributable tceelevated conductivity levelsurthermore, only 0.2 ppt of salinity was detected at
thedownstreanpoint in 1992within thestudy timeframe makingit impossiblethat this factor

resultedn higher conductivityMoreover,copper, iron, and zinc elements do not return
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significant increases at tl®wnstreanpoint Thereforethe potential causes will probably be
associated with increased hardn@ss section 4.1.9nd total solid concentratigeee section
4.1.10) This evaluation is reinforced by the positive correlabetweerconductivity and
hardnesg¢Devi, 2015; Thompson et al., 201&)d total solid¢Chima et al., 2010; Lamare,
2014)in streamsThe higher the density of calcium (Ca) and magnesium (Mg) ions in water, the
better its capacity to serve as an electrolyte, allowing for increased transmission of electric
current, while denser solids dissolved in water contribute to heightened corglutamilitating
increasecklectrical conduction through theater.

Several studies highlighted water quality changes in different couroese studies
reported an alteration in the receiving stream's conductivity tewetoquarrying activities
(Chima et al., 2010; Lamare, 2014; Wenner et al., 2008 increased dissolved solids and ions
in the effluent led to higher conductivity in the receiving stré@mma et al., 2010; Lamare,
2014) Similarly, Wenner et al. (2003), through their stream water quality studies, reported the
high reliability of using conductivity as an indicator for evaluating urban pollution and tracing
the sources of pollutants. Moreover, the findings of my studycsupp t he aut hor 6s
specific conductivity is a reliable indicator of urban stream polluignt exhibits a higher

variation.

4.1.9 Hardness (Ca, Mg)
The concentration of dissolved Calcium and Magnesium ions determines the level of
hardness in the wat@dSGS, 2018). the higher the concentration of these dissolved minerals,

the harder the wateWater's hardness aldepends on the geographic conditions of the region,
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bedrock and soil type, agricultural activities, and discharges from industrial operations
(ZooNerdy, 2023)

The growth of aquatic plants and algae are hardness depefddeminulated hardness limits the
availability of other essential nutrient components, such as phosphorous and potassium.
Moreover, it can introduce stress, diseases, andfefekills.

In the current studyhe upstream sit@bove the quarryf)as aneanvalue of34.0° 13.9
mg/l (median 32 mgj| with a minimal value of 14 and a maximum of 130. Tog/nstreansite
(below the quarrylhas ameanvalue of 36 mg/lihedian 46 26.1) with a minimal value of 18
and a maximum of 150. Thadst analysis showed a significant difference between the two
points paired ttest, t =4.8414,p < 0.0), highlightingan increasedmount in thalownstream

point.
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Figure 44 Comparison of Upstream and Midstream Hardness (198295).
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Figure 45Hardness (Ca, Mg) Differences by Year and Month (198295).

Although the hardness difference between the two sigssignificant from 1982 to
1990, the difference becarb@ger afterl991 (Figured5). The seasonal variation pltdicated

a higherwaterhardnesn all seasons atownstreanpoints.
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Figure 46 Hardness (Ca, Mg) Variation by Season and Location (198295).
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4.1.10 Total Solids

Total solids are the combined concentration of dissolved and suspended solids in water
(USEPA, 2012)Dissolved solids refer to ion particles that can travel through a filter with
around 2 microns (0.002 cm) pores, and they usually include chlorides, calcium, iron, nitrate,
sulfur, phosphorus, and others. In contrast, suspended solids cannot pass thhaughith a
2-micron pore, and they usually consist of fine organic matter, silt, plankton, algae, clay, and
other particulate matter. A higher concentration of total solids results in increased toxicity due to
a higher accumulation of ions and pautate matteraffecting aquatic species' wddeing Some
ions carried by water with high total solidee used tsettle at the bottom ofrsams, producing
toxicity in aquatic animals through bioaccumulati®no high or too lona concentration of total
solids in receiving water in wastewater treatment plants will limit the efficiency of these plants,
as well as their cleaning process for reusing water.

Total solids are crucial for assessountributions fromndustrial and household
dischargesconstruction, agriculture, forest clearance, mining, effluent from wastewater

treatment plants, and other sources.
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Figure 47 Comparison of Upstream and Midstream Total Solid Trends (1988®5).

Although some elevated levead§ total solidsare observedt bothupstream and
downstreansites figure (48) illustrates that higher concentration at tdewnstreansite (below
the quarry)started in 198%nd continuegcoinciding with the land clearance foake Crabtree
establishmenaind the start of operations at the North Cary Water Treatment Ridnadugh
there are differences in total solids for every seatb@highest variationsre observed during

the fall seasofFigure49).
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Figure 49 Total Solids Variation by Season and Location (108295).

Higher total solid concentration is noted at dosvnstreansite pelowthe quarry)with
an average af88.3 mg/l° 92.4 (median 160). THewest measured value at the downstréam
62 mg/l, and théighestis 520 mg/l.Theupstream site (above the quarsyows a significantly
lower averagevalueof 160 mg/I° 106.1 (mnedian 120) with a minimum of 77 mg/l and a
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maximum of 770 mg/IA significantdisparity paired ttest, t = 3.09,p < 0.Q) was found
between the upstream addwnstreamocations, indicating that the concentration increased as

the water flowedetween them.
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Table 5 Summary Statistics of Pairedté@st

Summary Statistics

. . Result NC
Variable Location N
Median Mean SD  Min  Max t-value df p-value Trend  Standard
Dissolved Upstream 8 8.2 24 2.3 14.7
Oxygen 139 -3.2434 138 0.001481° Positive <=5.0
Midstream 8.3 8.6 2.3 3.5 14.6
(mgl)
Upstream 17 18 7.8 1.0 31.6
T t
emperature 139 62751 138 4.221e09"" Posiive <= 32
) Midstream 165 164 7.0 1.0 300
Specific Upstream 94 1104 50.3 239 439.0
Conductance 134 -7.42 133 1.243e11™ Negative <=200
Midstream 108.5 164.6 119.0 30.0 540.0
(nB/cm)
Upstream 6.9 6.9 0.4 5.7 7.7
pH 138 -3.6911 137 0.00032™ Positive 6-9
Midstream 7.1 7.0 0.4 5.7 7.8
idi Upstream 30 38.6 48.1 1.0 750.0
T,L’;%d'ty 135 25206 136  0.01287  Posive <= 50
(NTU) Midstream 223 370 487 14  380.0
Hardness Upstream 32 34.0 139 14 130
(Ca, Mg) 127 -4.8414 126 3.703e06™" Negative NA
Midstream 36 46 26.1 18 150
(ma/l)
Upstream 0 4.2 4.1 0 24
Copper (ug/l) 56 -0.0342 55 0.9728 <=7
Midstream 0 2.9 4.1 0 20
Upstream 1700 2337 2746.3 100 28000
Iron (ug/l) 94 1.4424 93 0.1525 NA
Midstream 1200 1943 3444.7 100 33000
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Table 5 SummaryStatistics of Paired -fest (Continued)

Upstream 0 6.9 111 0 50

Zinc (ug/l) 54 0.2635 53 0.7932 <= 50
Midstream 0 6.4 9.8 0 36
i Upstream 120 160 106.1 77 770

Total Solids 123 309 122 0.00248" Negative NA
(mg/l) Midstream 160 1883 924 61 520

Notes: ***p < 0.01, **p < 0.05, *p < 0.1./ = EPA Recommended Threshdkbtei the NC Standard is based on the North

Carolina Surface Water Quality Standard for Class B Water -nout, Piedmont streamypignificant variations were noted in

Dissolved Oxygen (DO), Temperature, Specific Conductivity, pH, Turbidity, Hardness, and Total Solids. Diggged

temperature, pH, and turbidity exhibited a positive trend, complementsdtby flow below Lake Crabtree, the presence of dense
forest,andhee f f |l uent s from Wake Stoneds quar r yCorwerssly, Spmeific Gondddivityy Wa st

Hardness, and Total Solids declined, likely due to the discharged effluents.
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4.2 Field Data Analysis

Due to the time constraint of the present study, the field data were collected only for
dissolved oxygen, pH, specific conductivity, and turbidlty.better illustrate the comparison,

variations among different sites are presented using boxBlessilts are summarized below,

Dissolved Oxygen (mg/)
pH

Dissolved Oxygen

Turbidity (NTU)

T

Spcific Conductivity (uS/cm)

T o

Specific Conductivity Turbidity

Figure 50 Boxplots of Field Water Quality Survey Data.

Boxplots are helpful in describing the differences of data with high variations since the
mean data is more relevant to normally distributed ddtta.trend in water quality observed in

the field data plots matches the results obtained from the ambient ariEhgsisediandissolved
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oxygen, pHandspecific conductivity valueat the downstream (below the quarry) site

greater than thepstreanpoint, while higher turbidity results are obsenatthe upstream point
(above the quarryMostmeasured parameter values fit the North Carolina (NC) surface water
guality standardor class B waterexcept forone instance of elevated conductivity, reaching 236
puS/cm, and one instance of elevated turbidity, reaching 55 NTU, observed upstream.
Nonetheless, the measured values at Crabtree @seked in higher pollution thahe Reedy
Creekcontrolsiiewh er e t he creekds watershed receives |
activities The dissolved oxygen, turbidity, and specific conductikaults are more favorable

at theReedy Creek locatiqrihe control siteConsideringhe field data, it appears that streams
characterized by significant humarduced factors, such as runoff from residential zones and
discharges from various facilities and commercial industries, exhibit higher levels of water

pollution.
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Table 6 Summary Statistics of Field Water Quality Data

Summary Statistics

Parameter Location Site ID NC
. . Standard
Median Mean SD Min Max
Dissolved Upstream S 003 13.1 133 26 10.7 16 <=5.0
Oxygen Downstream S001 137 132 16 104 146
(mg/l)
Control S 002 16.7 15.4 2.7 11 17.6
Specific Upstream S 003 103.2 1385 858 759 2363 0-200
Conductance  pownstream S 001 1175 1266 52.6 68.3 1939
(nB/cm)
Control S 002 83.9 85.3 17.2 66 111.4
pH Upstream S 003 7.0 7.0 0.4 6.5 7.3 6-9
Downstream S 001 7.2 7.2 0.3 6.7 7.5
Control S 002 7.1 7.1 0.4 6.8 7.7
Turbidity Upstream S 003 36 33.6 147 179 47 <=50
(NTU)
Downstream S 001 34 356 16.2 15 55
Control S 002 15.8 181 11.9 2.9 34

Notei the NC Standard is based on the North Carolina Surface Water Quality Standard for

Class B Water (notrout, Piedmont stream).

4.3Visual and Photograph Survey

Rainfall rates aNC-WK-328 a precipitation measurement station monitored by the

Community Collaborative Rain, Hail, and Snow Network near the sampling poers,

recordedor the field day adthe three days priof.he highest rainfall was observed during the

previous three days of the first sampling trip, reaching 3.03 inches for all threamibisrest
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of the days had rain at 0.91 inches or less. However, no rainfall was observed during sampling
days oranytrips.

Although the two seasonal channels, one from the Williamd$nBstead State Park and
another from the Wake Stone quarry, meet at a point and flow into Crabtree Creek, no significant
water flow was found in the channel from the State Pridure51). Water discharge from the
guarryoés channel was observed on all trips.
turbid than Crabtree Creek at the discharge point. In contrast, effluent discharge from the North
Cary Wastewater Treatment Plan sigrafidy contributes to the watercolor changes downstream
of the discharge point. The wastewater from the treatment plant was obsesalethree trips

and hal atannic blackcolor and heavy foam on the surface.

{ 2/14/2024 : | 228202
" 307 AR T =y

; ; A
1/17/2024

Figure 51 Water flow condition of the creek from the Umstead State Park.

NoteX,There is no significant water flow at the channel from the Umstead Fsdteluring the

entireassessment period
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Source: Field DateCollection (2/28/2024)
Figure 52 Photographs of Discharge Water (léftlischarge point at Crabtree Creek, right
di scharge channel) from Wake Stonebo
Note2Wa ke St oneds Effluent is indistinguishable

Creek in all Visual Surveys.

Source: Field Data Collection (2/28/2024)

Figure 53 Photographs of Discharge Water from the North Cary WWTP taken on 28 February
2024.
NoteZsThe discharged water has a tannic black color and pungmelland Cr abtr ee Cr ¢

watercolorchanges downstream due to the effluent.
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4.4 Summary of Findings and Relevancy with Other Studies

The studyo6s wat er highlighied significanadiffarénges in wmirbiditg s ul t s

water temperature, dissolved oxygen, specific conductance, hardness, and total solids
concentration between the upstream (above the quarry) addwmstreansites (below the
guarry).Dissolved oxygen, pH, temperature, and turbidity levels improve as the water flows
downstream from the upstream statidhe observed enhancement in these parameters is likely
caused byhewater flowin Crabtree CreekelowLake Crabtree, theontinuouspresence of
riparian forests and vegetation along the creek's bankkhe effluentflowing from the North
Cary Wastewater Treatment Plant and the mining operations by Wake Stone.

In contrast, the dischargasgatively affect the conductivity, hardness, and total solids
concentrationElevated levels of these parameters are probably associated with the discharge of
nutrients and minerals that do not significantly alter water turbidigitionally, an
increasementin concentrations in these parameteesobserved after 1984vhich coincidel
with the establishment of the North Cary Wastewater Treatment Flalit.survey data
indicated the same trend as in ambient data analggiying that the casieas been persistent
sincel9&4.

Heavy metal analysis revealed tlbapper and zinc were present, but the rmaaah
median concentrations were slightly higher at the upstream jpuojplying that the elevated
conductivity), hardness levels, and total solids are unrelated to the concentration of these metals
Moreover, their concentration remained stable for most of the years; for example, when there
was no observation at the upstream point, it was typically absent at the downstream site.

Regardingcompliance with the water quality standard, tilmbidity at the upstream site

shows several exceedances abitneecritical threshold of GNTU. Consequently, this condition
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leads to lessening the DO concentration at this pdmdiminishedtrend for DOcontinues
throughout the assessed periodcasionally reaching below the established minimum level of 5
mg/I. Specific conductivity levels are also elevating, and exceedances are observed in almost all
years during the study perio8llthough a specific standard for conductivity for North Carolina is
not available, the conductivity levels are far aboveBR& recommenderange of 6200
nS/cm.Despitesomedrops below the minimum level of BiostpH measured valugemain
within the regulated intervalf 6-9. Watertemperature exhibits a stable trend with no
exceedance above the prescribed level o€32r nontrout Piedmont streams.

Several studies reported different parameter chathgeso quarryingn variousregions
(Table7). The most ommonproblematic parameters include alkalinity, total solid

(dissolved/suspended), pH, conductivity, turbidity, nutrients, hardness, and heavy metals.

Table 7 Studies on the Impacts of Quarrying or Wastewater Discharge on Water Quality.

No Study Country Problematic Parameter
1 Dobbins et al.2013 United State Alkalinity, inorganic solids
2 Lamare et a).2014 India pH, Conductivity, TDS, Hardness,
Alkalinity, Ca and S@
Bhattacharjee et aR018. India pH
Manzoori& Khan2020 India pH, Turbidity, TDS, Total Alkalinity
5 Bakamwesiga et al., 2022 Uganda Nitrates, Cr, pH
Chima et al., 2010 Nigeria Hardness, TDS, Conductivity,
Phosphate and Mg
7 Al Mamun et al, 2019 Bangladesh TDS
8 Kim et al, 2007 Korea Ca, Mg, Al, Fe, Mn, Cu, Zn, Pb, Co
Ni
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Table 8 Studies on the Impacts of Quarrying or Wastewater Discharge on Water Quality.

(Continued)
9 Erukeet al, 2021 Southeastern Turbidity, Fe, Mn,
Nigeria
10 Gebre & Getaneh, 2012 Ethiopia TDS, Na, Cl, Mg

Studies reveal that the quarry results in increased water temperature due to the discharge
of turbid wastewatef Chi ma et al ., 2010; .Okewffluent2015; Mi | i
discharged from quarries often contains elevated levels of total dissolved and suspended solids,
leading to increased turbidity in natural water bodies. This heightened turbidity can exacerbate
water temperature by introducing excess heatthaquatic environmefiKalu & Ogbonna,
2021; Manzoor & Khan, 2020Pn the other hand)evi (2015)reported that when there is a
disturbance of turbiditythe use of DO as an indication of pollution becomes more appliaable
the photosynthesis by aquatic plants tends to decrease, resulting in a low DO concentration.
The present studyds pH result supports the
significant changes in the pH level of stregidsvi, 2015; Lamare, 2014; Manzoor & Khan,
2020) Either weathering of rock or discharge of sediments can lead to higher pH (more base)
levels. On the other hand, Bakamwesiga et al. (2022) claimed a significant decadgmore
acidic) due to quarrying. The author posited that the decline in pH levels within the stream
primarily stems from the bioactivity of plants and #oédicdischarge fronthe quarryactivities.
The findings from the presestudyprovide atrend (i.e., improvementhat supports the
claims of thestudies mentioned abovdowever, instead of noting turbidity, DO, and

temperature as problematic parameters, the present study observed improvement as the effluent
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from the treatment plant and the quarry possess higher water.cldr@giversion of Crabtree
Creek from Lake Crabtree and the presence of riparian forests decreases the water temperature
Nonethelessthe alteration of conductivity, hardness, and total solids into an increased amount
aligns with the finding from Chima et al.(2010 andLamare,(2014). Rock blasting, crushing,
washing of crushed stones, and transportadhmore solid particles, either in dissolved or
soluble form, to increase the electrical capacity and water hardness through ssdwigyer, in
contrast to the present <Lhimadeyah 010) ensestijated o f
elevated turbidity levels ranging from 9 NTU at the undisturbed site to 89 NTU at the-quarry
impacted siteThis discrepancy likely underscores the influence of dissolved ions and heavy
metals,which may or may not contribute to changes in turbidity levels.

Several articles indicateeavy metal® Cd, Mn, Fe, Cu, Ar, Ni, Pb, Cr, andFas
problematic pollutants water resources resulting fragoarrying activitiegAl Mamun et al.,
2019; Chima et al., 2010; J. G. Kim et al., 2007; Okunlola et al.,)2@Eidiesoticed one or
more heavy metals in samples collected from water bodies near the quarry mining areas.
Quarrying usually accompaniéisedischarge of heavy metals into receiving strearhse.
concentration of heavy metals in the water bodies harms the food chain and the life of aquatic
organismsMetalscangatherin the aquatic plant and anintasues making them or the species
that rely on them poisonoiKalu & Ogbonna, 2021)hese studies also noted oil, lubricants,
and kerosene leakagedicating the requirement for systematic and careful managefRent.
Cu, and Zn were also analyzed in the present study. Due to limited data availability, the study
could notconductheavy metal analyses except for iron, copper, and lIircontrast to previous
studies, he Fe, Cu, and Zn analysiesulted in no significant variation in the upstream and

downstreansites.Therefore, this study concludes tlsatne heavy metals in the dischesgrom
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the water treatment pl aimcteasatheccontMatikigardadss and 6 s
number of total solidsf the water in Crabtree Creek but do not affect the turbidity level.

In addition to the impacts of quarrying on water quality, it is critical to explore the effects
of municipal wastewater treatment faciliti®astewater treatment plants are essential to
eliminate pollutants from municipal areas, and thelpduct effluents are usually discharged
into surface or groundwater and reused for residential water sUpy@wolume of effluent
discharge is critical in evaluating the effects of treatment plants. For instance, the effluent can
contribute up to 70% of stream flowrthg low-flow periods in South Caroling@arey &

Migliaccio, 2009) Highernegative impacts oconductivity(Agoro et al., 2018; Andradeluiioz

et al., 2023;; Prat et al., 20180 (Birge et al., 1989; Boyle & Fraleigh, 2003; Matamoros &
Rodriguez, 2017; Olabode et al., 203tH (Chen et al., 2009; Matamoros & Rodriguez, 2017,
2017) temperaturéBirge et al., 1989; Boyle & Fraleigh, 2003; Canobbio et al., 2009; Kinouchi
et al., 2007)turbidity (Gafny et al., 200Q)and heavy metal&ara et al., 2017; Munz et al.,

2017)were reportedAlthough municipal wastewater treatment technologies have improved, the

gqu

increased use of chemical products in todayods

treatment facilitie§NogueraOviedo & Aga, 2016)T he present studyds f
probably support the claim of detrimental impacts on conductivity while it resulted in favorable
conditions for DOpH, temperatureand turbidity.

The alteration of conductivity, total solids, and hardness levels between the upstream
(above the quarry) ardbwnstreanfbelow the quarry) sites will threaten aquatic IBé&nce the
salinity was not detectétlonly one detection during the assessed permetevated
conductivitydownstreams probably associated with the increased total solids and water

hardness A higher concentration of total solids results in increased toxicity due to a higher
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accumulation of ions and particulate mattenjch affects aquatic life's welleing Some ions
carried by water with high total solidse usedo settle at the bottom of steams, producing
toxicity in aquatic animals through bioaccumulati@m the other hand, discharge from mining
and wastewater treatment plawnan introducencreased water hardnegscumulated hardness
will limit the availability of other essential nutrient components, such as phosphorous and
potassium, and aquatic species' growth. ddwer, it can introduce stress, diseases, and even the
occurrence of fish kills.

Due to the limited information, data, and time for my study, it would be difficult to
di fferentiate the magni t utdtlewaler quality prébledins c har ge
Crabtree CreekHowever, the study suggests that the elevated level of specific conductivity
total solids,and hardness at tlilwnstreansite is associated with the discharge fromWeke
Stone Qarry andhe North Cary Vistewateifreatmenflant Although hardnesand total
solidswerenot measured during the field trip, the field water quality results revealed the same

trend with higher specific conductivity the downstream point.
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CHAPTER 5: ESTIMATING THE CAUSES OF VARIATION IN

AMBIENT DATA

Crabtree Creek is essential for maintaining aquatic life, providing recreational benefits
for communities, and controlling floodBifferent stakeholders implemented several recreational
projects along thereek.The Triangle Quarry Expansion Project started in 2020, has created
conflicts between Wake Stone Corporation and several conservation and recreational groups, and
the disputes are continuing as of 20@pponents of the project expressed their concerns
regarding the air, water, natural landscagafitr, and recreational benefits of the William B.
Umstead State ParBue to thgossibility of water quality impacts frordva k e  Sdquarny, e 0 s
the present study aims to asses<tleek's water quality and evaluate the existing quarry's
potential contributionThe analysisassumes that there will be a significant difference in water
parameter values between the upstréanove the quarrygnddownstrean{below the quarry)
points if the quarrgischargegpollutants. However, another major discharge chafnoel the
North Cary Wastewater Treatment Plant occurred below the upstream ambient site. Therefore,
the studyreviewedthe NPDES permit compliancg&tatusof the plant and the quarrWater
guality data from the two ambient monitoring sites (upstream and downstream of the quarry)
were analyzed using paired-test in R softwaréor the 1982 to 1995 perio&ince the
downstreansite wasrelocated to another locati@fter 1995 and other tributaries are present
between theriginalandrelocated siies he current studyds analysis
measurements frot096 to 2022 in the analysisield measurements were also conducted at
three sampling sites: upstream, downstream, and ¢oaic results were illustrated with

descriptive statistical graphs using R software.
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5.1 Estimating theHardness Total Solids andConductivity Causes

In the context of théindingsmentioned abovehis study systematically examined and
deliberated upoktwo potential factors contributing to observed phenomena: natural weathering
processesf rocksand the discharge of wastewater originating from the North Cary Wastewater
Treatment Plant and the Wake Stor@uarry.

5.1.1 Weathering of Rockdetween Upstream and Midstream Stations

According to National Geographic, AWeather
dissolvingr oc ks and minerals on the surface of the
cations and alkalinity to the surface water, leading talmnation in water chemist{§chnoor
& Stumm, 1986)

According to the bedrock formation rock of the proposed study area (see &igure
section 3.1.2), the area primarily consists of Reedy Creek metagrano@iaiie) Big Lake
Raven Rock schigCZzbrl),andSycamore Lake greenstof@Zsg (Wake County, 2018)
Reedy Creek metagranodiorite is an igneous rock resulting from rock metamo(phidar,
2022)andis primarily composed of feldspar, quartz, and some mafic mingRalsa, 2022)It
mainly occus on the eastern side of the quaBgenerally, granodiorite rocks possess moderate
hardness and are weathresistan{MAT, 2018). The Big LakeRaven Rock is between the
Reedy Creek metagranodiorite and the Sycamore Lake greerBbismeietamorphosed
mudstonas characterized by platy mineraiscluding biotite, muscovite, talc, and chlorite,
along with minor quantities of quartz and feldsf@dre Big LakeRaven Rockare moderately
resistant to weatherin@.o et al., 2017)Conversely, the Sycamore Lake greenstone exhibits

darkcolorand finegrained texture, indicatg extrusive or metamorphosed mafic volcanic
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origins Greenstones are known for their increased susceptibility to chemical weathering,
primarily dueto the presence of minerals such as chlorite and actinolite, which suffer alteration
to form clay mineralén water bodie¢The LibreTexts libraries, 2023)

The gradual weathering of thebeeerock typestends to increase theavy metals
(Rashid et al., 2023hardnessand total solid¢DiVenere, 2017py releasing clay minerals,
soluble silica, and metal cations. However, th&uralweathering process is usuaihcremental,
and one should expect a gradual change in water paran@tetfse other hand, the Wake
Stonebés mining activities mainly occur -on Ree
Raven Rock schist (CZbr{Jaylor, 2022) andsediment discharge from the mining will
increase heavy metal, hardnemsd total solids.

5.12 Wastewater Discharges

NPDES perm# require dischargers to m&am favorable water quality in the receiving
water bodies to avoid pollutiqyS EPA, 2014)The permit contains standard limits on daily
discharge and monitoring and reporting of discharge water quality.

Between the upstream addwnstreamambient sites, there is one major discharge from
North Cary Wastewater Treatment Plant and ano
Quarry The formerholds a NPDES permibf 12MGD (million gallons per dayand is one of
themajordischargers in the Neuse River Ba@iteuse River Basin Ambient Monitoring System
Report 2012; Town of Cary, n.d.pn the other hand, Wake Stonaisormajor facility with

permission for 0.5 MGD stormwater discharge.
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Source: (Cary, n.d.)

Figure 54 North Cary Wastewater Treatment Plant.

NPDES grmitcompliance isalso crucial in identifying the causes of water parameter
changes in Crabtree Creek. Since the start of
violations from thereatmenplant have been highlighted in different Neuse River bagorts,
and most violations are relatedttxicity, includingnutrientsandBiochemical Oxygen Demand
(BOD) (Neuse River Basinwide Water Quality Plan, 1998; Neuse River Basinwide Water

Quiality Plan, 2002; North Carolina Division of Water Quality, 2012; USEPA;b).d.
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Incontrast no permit violation wagBillabl9er ved
USEPA, n.d-a). No parameter exceedances have been reported as o\28k8 .Stone has been
adopting a closetbop system, which ensures the washed water flows into the settling ponds,
settles outthe sedimentand is transported into the process water resefBdiy 2019; Wake
Stone, n.d.)The settled water is then reusedrniming operations. The only discharge iritee
creek is dewatering during operatidtowever,a photo of the Wak8ton® s c hann el
22 July2018, discharging water with sediment deposits into the ¢Feglare58), was released

on the RDU forest page organized by Umstead Coalition members.
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luly 22; 30”1 8, WakeStone - ;
Discharke into Umstéad Staté: Park |
and Crabtree Creek

Source: Left RDU Forest 2020, Right Personal field trip, February 28 2024

Figure 56 Comparison oEffluentfrom Wake Stone's Quarry in 20@8ft) and 2024(right).

The conservation group claimedthah e quar r y 6 s water qualityar ge af f e
review d precipitation datahows0.54 inprecipitationon the photo taken day and 0.04 in on the
day befor§CoCoRaHS, n.d.)The Department of Park and Recreation reported a complaint
regarding this occuence(NC DNCR, 2020)TheWa ke St oneb6s detail ed fac
EPA website did ngbresentanyturbidity standard exceedanfoe 2018 This is probably due to
the periodic sampling allowed by the NPDES permit standard condifi¢8&PA, 2015and the

rarity of similar cases.

9C



CHAPTER 6: CONCLUSION AND RECOMMENDATION

The quarrying industris significantin fostering infrastructure development and
contributing to a region's economic prosperitygenerang employment opportunities for local
communitiesHowever, it is necessary to consider the potential detrimental impacts of the
industry, primarily attributed to water quality degradation, fragmentation of wildlife habitats, soll
pollution, and diminishing recreational and seetmlogical weHbeing of he nearby
communities.

In Wake Countyconcerns about the negative impacts of the Triangle Quarry Expansion
Project have been continuing. Some conservation groups, including the Umstead Chairgon,
worked to stoghe proposed expansion projebdtie to limited stugks of the impacts of
guarrying in Wake County and Nor@aroling which fail to give a reasonable answer for
disagreementamong stakeholderthis study investigated the poteni@luencesof existing
rock quarries near the RDU Airpdyy using historical and field water quality dé&bedetermine
the possiblecontributions of thexisting quarry operatioteCr abt r ee Cr eek6s wat
degradation.

Results from the study indicaseggnificanty improved qualityin turbidity, water
temperature, pH, and dissolved oxy@enhe downstream sites (below the quarBfjluent from
the North Cary Wastewater Treatment Plant and
decreased turbidity in Crabtree Cre€he quality of water temperature, dissolved oxygen, and
pH level were increaseatle to improved claritythe flowing condition of watein Crabtree
Creek and the presence of forest vegetatidowever, the discharged wastewater from both

facilities accelerates thapecific conductivity, hardness, and total solids concentratidfesting
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the growth, nutrient availabilitygutbreak of fish diseaseand toxicity oftheaquatic
environment irCrabtree Creek.

Due tolimited time andinancialconstraints, the present did not investigate the
magni tude of the contribution from Wake Stone
Treatment PlanMoreover, this study did not cover the potential impacts of the proposed
expansion aredifferentiating thecontribution between the two facilities will require an
elemental analysis of potential water quality paramepeovidingan excellen opportunity for
further detailed assessme8ample collections should be condrctyearlyat points below each
facilitybds effluent to r e Regadingtng TridnglesQuayry r r ent
in-depth studies should also be carried out for other impact sectors such as air quality, forest,
traffic, noise,and recreational benefitsfficiency evaluatiorshould consider all the tangible and
intangible costs and the benddianches (i.e., not only the supply of aggregates and profits but
also the economic consequesideb opportunities, etc.Y-he efficiency of a development
project is mainly based on inclusive evaluation of cost and benefits, which can be achieved
through systematic studies. For instar@ecelik (2022 compaedthe advantages and
disadvantages of aggregate productiodsuggested the relocation @§uarryin Turkey.
Similar studies will be critical to sharing an insightful answer for conflicts between the Wake

Stone and the conservation groups.

6.1 Recommendation for Best Management Practices
6.1.1 Effluent from Triangle Quarry
Wake Stone has been adopting a closg wastewater system that recycles washed

water and reuses it féuture processingAs of 2024, the comparfylly complies with the state
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NPDES permit for dewaterintpe quarry pit. Howeveit would bemoreefficient to ensure that
the dewatered discharges remain under the regulated water quality s{aefarid the case in
section 5.1.2)To ensure that the dewatered dischaagesdischarged properly, the company
should adopt the following practices:
1. Increasing theffluentsamplingfrequency2 The Current NPDES permit for Wake
Stone allows quarterly sampling, with sampling periods from January 1 to March
31, April to June 30, July 1 to September 30, and OctobeD&t¢ember 31.
Increased sampling frequency represents a voluntary initiative that can significantly
aid in the improved monitoring and identification of parameter exceedance issues
and perform necessary response actions during a short time.
2. Adapting chemical treatment practid&PA, 1974%2 The method will be
expansive in terms of financial cost but can provide more efficient pollution control

and stream protection.

6.1.2 North Cary Wastewater Treatment Plant

Due to the growth of the population, the pressure on wastewater treatment facilities is
increasing.The overloadingof municipal sewage and other wastewater can lead to
insufficiencies in the treatment process, resulting in a gradual degradation of the discharged
water quality over timeTherefore, many wastewater operators instantly try to adopt advanced
technologies for improved efficien€@reen, 2018)To better protect Crabtree Creek and its
aquatic environment, the plant should,

1. Keep up with the advanced treatment technolégiBise current treatment method

adopted at the NCWWTP is part of the latest technologthBamutrient remova{US
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EPA, 2013) Facilitiesshouldadoptadvanced treatment technologies whenever they
are accessible and feasible.

. Increase water quality monitoring in Crabtree Ckéelvonitoring water quality in
effluentfed streams is essential forotecting water bodies ardjuatic life. During

the low flow condition of Crabtree Creek, the effluent from the treatment plant
contributes to a greater portion of the water. Hence, effective monitoring and
evaluation of the effluedid streams should be carried out. Moreoverpthat

should also initiateraadequate water study Gfabtree Cregkeflecting on thelant's

discharge
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