
ABSTRACT 

THU, SOE MIN. Water Quality Impact Analysis: A Case Study at Triangle Quarry, North 

Carolina. (Under the direction of Dr. Frederick W. Cubbage) 

 

The aggregate industry is a critical contributor to a regionôs development. Infrastructure 

development, such as roads, airports, and buildings, must keep up with the increasing population 

and its subsequent demand for natural aggregate. However, excavations of the earthôs surface, 

including removing natural forests, can harm air and water quality, noise level, wildlife, and 

citizens' recreational benefits. This study examines the implications for water quality caused by 

the presence of Triangle Quarry, situated in Wake County, North Carolina, explicitly exploring 

its effects on Crabtree Creek. Historical 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 improved at the downstream sites of the Wake Stone.  

In contrast, the differences between upstream and downstream heavy metals (copper, 

iron, zinc) are insignificant. The study noted elevated levels of specific conductivity, total solids, 

and hardness due to the effluent from Wake Stoneôs Quarry and the North Cary Wastewater 

Treatment Plant. The discussion also encompasses sharing best management practices (BMPs) to 

mitigate the stresses on Crabtree Creek and protect its aquatic environment.  
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CHAPTER 1: INTRODUCTION  

 

ñQuarrying is the process of removing rock, sand, gravel or other minerals from the 

ground to use them to produce materials for construction or other uses.ò (The Institute of 

Quarrying, Australia, n.d.). The main difference between quarrying and metal mining is that 

quarrying is a mineral extraction site without a roof, while mining usually occurs underground. 

The choice of mining types depends on the economic, geologic, engineering, and other factors 

(Gebre & Getaneh, 2012). Depending 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 quarrying is essential in a countryôs national economy (Xing et al., 2017). 

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 become essential, finally coming to the mining sector 

(Gebre & Getaneh, 2012). The dependency on aggregate for construction is continuously 

increasing (Parise, 2016), and the quarrying industries can offer numerous job opportunities to 

nearby communities. However, 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 Carolinaôs aggregate production ranks 8th in the United States (Crushed Stone in 

NC, n.d.). The state hosts around 135 crushed-stone 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 counties in the state. The most crucial 
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market that consumes aggregates in North Carolina is the construction of transportation 

infrastructure, which includes highways, parking lots, and other pavement areas. A conventional 

two-lane road construction generally uses about 25,000 tons of crushed stones. Furthermore, 

aggregates are commonly used in construction, railroad projects, riprap and erosion control stone 

manufacturing, and other building endeavors. 

The North Carolina Department of Environmental Quality requires a mining permit for 

mining operations on land over one or more acres (Crushed Stone in NC, n.d.). The permit is 

usually effective for 10 years. However, the NCDEA retains the right to terminate the issued 

permit earlier if any violation occurs. The permit application process also requires a mine 

reclamation plan after excavation operations 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 various uses, including groundwater recharging. 

 

1.1 Background and Justification 

1.1.1 Triangle Quarry (TQ) 

Following the closure of Moncure Quarry in 1981, which Wake Stone Corporation 

managed in 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 County (Wake Stone, n.d.). The existing quarry, 

named ñTriangle Quarryò (TQ), is located 0.5 miles downstream of Crabtree Creekôs discharge 

at Lake Crabtree. The Latitude and Longitude are 35.840325 and -78.770675, respectively. The 
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Umstead State Park, RDU Airport, and Interstate Highway ï 40 (I-40) are located northeast, 

West, and South of the targeted mining area, respectively. 

TQ started the initial aggregate production in 1982 and expanded the production in 1988 

through the construction period from 1986 to 1988. After 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 Triangle area.  

In 2019, Wake Stone proposed to expand the Triangle Quarry by developing a fresh 

excavation site on the opposite side of Crabtree Creek. The proposed expansion project will help 

extend the quarryôs life by approximately 25 years. It will cover approximately 105 acres of 

woodland called the Odd Fellows Tract, close to Umstead State Park and the East Coast 

Greenway (Stop RDU Quarry, 2023). As of 2024, Wake Stone has received an implementation 

permit and is starting mining operations at the proposed site. The company also included a plan 

to build a new bridge across Crabtree Creek to avoid the traffic resulting from using the Old 

Reedy Creek Road by the transportation trucks. Wake Stone has already obtained permission to 

construct the bridge. Under the new quarry expansion project, the Raleigh-Durham Airport 

Authority (RDUAA) will receive approximately $24 million through royalty payments during 

the new lease. 

1.1.2 Concerns about the Project 

With a massive population growth in Wake and Durham counties, which reached 139 

percent, from 608,155 to 1,454,243, between 1990 and 2020 (North Carolina State Parks Annual 

Report, 2017, 2017), and increased demand for recreational areas, many conservation and 

recreational groups and individuals are concerned about the project's adverse impacts on the 

recreational benefits of William B. Umstead State Park and its surrounding environment. From 
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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 Off-Road Cyclists (TROC), The Conservation Fund, as well as 

the Division of Parks and Recreation (DPR) under the NC Department of Natural and Cultural 

Resources (NCDNCR), have raised objections and voiced concerns about the project. Some of 

the most common potential issues include, 

¶ Wildlife corridorðUmstead State Park has been playing a crucial role in connecting 

various wildlife habitats through a forest or man-made structure for a significant 

period (U.S. Fish & Wildlife Service, 2021). The proposed new quarry and the 

fencing walls along the quarry areas will limit wildlife accessibility.  

¶ RecreationðDPR 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 Vibration ½ Quarry operations, transportation, and blasting noises have 

affected some visitors. The proposed expansion of project will increase noise and 

vibration pressure. 

¶ Dust Emission ½ 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 Safety ½ 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 quarryôs entrance.   
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¶ Visuality ½ The quarry and some portion of the fencing walls will be visible to park 

visitors, reducing the park's aesthetic quality.  

¶ Water quality ½ Discharge of turbid water was recorded during 2018, and several 

stakeholders predicted that the expansion of operations would bring more water 

quality issues into Crabtree Creek. 
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Figure 1 Timeline of The Triangle Quarry Expansion Project Case. 



 1 

 

   Source: (Wake Stone, n.d.) 

Figure 2 Conceptual Mine Plan for Triangle Quarry Expansion Project. 

 

After the commencement of the new expansion project, many individuals and groups 

have come together to express their concerns through protests against its implementation 

(Stradling, 2019) and certain 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 application for 

mining, and the RDUAA's permit application to construct fencing along the boundaries between 

Wake Stone and the state park.  
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Regarding the concerns of different stakeholders, reviewing the water quality in Crabtree 

Creek and gaining a complete understanding of granite quarrying and its effects on water quality 

are crucial. According to sources, Crabtree Creek's water quality is deteriorating and unable to 

fulfill its intended purposes, such as supporting aquatic life and providing a safe environment for 

primary contact recreational activities due to various factors (Neuse River Basinwide Assessment 

Report, 2001; 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 to turbidity, 

specific conductivity, and dissolved oxygen levels. 

Duda & Penrose (1980) accessed the mining impacts on water quality in the western 

region of North Carolina and revealed that serious water quality problems were investigated in 

areas with open-pit mining. There is limited 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 Wake Stone and conservation groups' conflicting views in the Triangle Quarry case. 

Therefore, it is important to systematically assess the impacts of Triangle Quarry on the water 

quality of Crabtree Creek. 

The current study investigated the quarry's potential impacts on Crabtree Creek by 

systematically assessing historical and field water quality data at places above and below the 

quarry site. Historical water quality data from ambient monitoring sites organized by the North 

Carolina Department of Environmental Quality (NCDEQ) and data from field measurements 

were used to examine any changes in water quality in the designated sites. Assumptions of this 

investigation are based on the fact that significant changes in water quality parameter values will 

be observed between the above and below points of the quarry if the quarry is contributing to the 
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creekôs pollution. However, the ambient data analysis may not accurately estimate changes 

because another discharge from the North Cary Wastewater Treatment Plant occurs just below 

the upstream ambient site. Therefore, discharge status and permit violations were reviewed for 

the treatment plant and the quarry, and impact estimations were made. Field water quality 

measurements upstream (below the Treatment Plantôs discharge) and downstream of the quarry 

were also conducted and analyzed to support the findings from ambient data analysis. The field 

data collection also included a control site to compare the creekôs water quality with another less 

disturbed watershed. 

 

1.2 Significance of Study 

This Master of Science research is meant to be a thorough analysis of Wake Stoneôs 

current quarry in the form of a technical report for an 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 how such analyses can occur in depth with more 

funds and personnel.  I focused here on reviewing the literature and estimating the impacts of 

past development of quarries in general, and especially the existing Wake Stone facility. Given 

the limited time and lack of dedicated research funds, this study cannot provide a comprehensive 

and authoritative interdisciplinary analysis that could be conducted with numerous full-time 

experts. However, it does demonstrate both literature reviews and modest field water quality 

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 from my current study help provide valuable knowledge and insights into 

the impact evaluation of quarrying on water quality, which can be applied in future impact 
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estimation. Moreover, the results are critical in considering suitable best management practices 

and mitigation alternatives to lessen the negative impacts and help improve Crabtree Creek, 

providing the public with the best recreation experience while protecting the well-being of fish 

and other aquatic life.   

 

1.3 Objectives of 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 violations during various 

monitoring activities (Bonner et al., 2009; Neuse River Basinwide Assessment Report, 2001; 

Overton, 2006). Therefore, to update these research efforts and provide a reasonable method of 

assessing water quality impacts for conservation purposes, my study aims to evaluate the water 

quality in Crabtree Creek next to the Triangle Quarry to determine whether there is 

contamination from the quarry. The specific objectives of the study are as follows, 

1. To systematically assess the creek's water quality near the quarry by using historical 

and field data 

2. To determine whether the quarry is contributing to the water quality degradation of the 

creek 

3. To examine possible best management practices and make suggestions to protect the 

water quality in Crabtree Creek 
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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 answer to the impacts of Wake 

Stoneôs existing and proposed quarry project on water quality. However, the research does 

include the best possible combination of a literature search, secondary data collection, and 

statistical analyses that one person could reasonably be expected to accomplish in about a year of 

effort. It represents the content of a conventional technical report for an EA 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 changes, the present study only focused on the after-

quarry timeframe due to the need for more data before the quarry. The research focused on 

evaluating how water quality varied over time at each location and analyzing the differences 

between the areas upstream and downstream of the 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.   
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CHAPTER 2: QUARRYING AND IMPACTS  

 

Kim and Miller, 2017 discovered that the aggregate industry in the United States had 

considerable growth in the mid-2000s due to the housing market recovery. Although the growth 

in the industry does not seem to be closely related to GDP, it is closely related to increased 

residential construction (Figure 3) (S&P CoreLogic Case-Shiller U.S. National Home Price 

Index, 2017). As of 2017, the primary consumption of aggregates includes residential buildings 

(33%), highways and streets (31%), commercial buildings (19%), government buildings (5%), 

other public works (8%), railroads (3%) and private non-construction (1%) (Wilson, n.d.). 

 

 

  Source - (S&P CoreLogic Case-Shiller U.S. National Home Price Index, 2017) 

Figure 3 Time Series of Aggregate Industry in the United States. 

Note - Case-Shiller Home Price Index estimates the U.S. Residential real estate prices. The price 

index and aggregate consumption followed the same trend. 
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Quarrying usually includes three main stages: land preparation, blasting, and crushing. 

The land preparation phase includes land assessment, in which a geology expert investigates the 

area to assess the availability of an appropriate supply of rocks. Once a site is selected, removal 

of above-ground vegetation and overburden follow. Subsequently, blasting using explosive 

materials turns the surface into smaller rocks. Holes are drilled in designated places, explosives 

are put inside the holes, and the area is then blasted. After blasting, the extracted rocks are 

carried and put into crushing units, making them into smaller, manageable pieces for 

construction work (CEMEX USA, n.d.). The crushed stones finally pass some washing units that 

make them clean and free from particles with absorbed chemicals, clay, and other materials that 

can deteriorate the strength of the concrete (PCA, n.d.). 

 

2.1 Economic impacts of quarrying 

The aggregate plays a critical role in supporting the United States economy. 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 industries (S. 

Kim & Miller, 2017). 

 

Table 1 National Impact of the Aggregate Industry. 

 Aggregated 

Industry  

Impact on Other 

Industries 

Total Impact 

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) 
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Additionally, each job in the aggregate industry supports an additional 4.87 jobs in other 

related industries, and one dollar earned in this sector creates another $4.19, and one dollar sold 

results in another $3.47 in other sectors. Therefore, the industry has a significant impact on both 

the national and local economic development.  

Kim & Miller (2017) reported that the annual aggregate sale rate in North Carolina 

reached $875 million with a total impact of $1,517 million. Regarding job opportunities, 

aggregate mining created 2,789 jobs, contributing to 7,328 job openings in related sectors. 

Currently, the aggregate industry creates job opportunities for over 3,000 people within the state 

(Crushed Stone in NC, n.d.). About 20 people work at an aggregate-producing plant on average. 

The factory's average annual aggregate price was $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, quarrying can lead to pollution due to acidic and metal drainage from 

mining and energy use (Langer & Arbogast, 2002). Massive vegetation and overburden are 

removed from the designated areas during site preparation. In large-scale mining industries, 

topsoil and some underlying rocks are pushed aside using bulldozers and removed with huge 

vehicles. Removing 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 to heavy metal pollutants in water resources (Ghanbari et al., 2018; Langer, 2001).  

The impacts are more significant if any stream, creek, river, or pond is close to the 

quarry. Increased impervious surface and vegetation removal may change the amount of runoff 
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and the runoff pattern in a stream (Langer & Arbogast, 2002). Water quality issues are caused by 

the discharge of excessive levels of nitrates and chromium, which causes health-related risks to 

humans (Bakamwesiga et al., 2022). Another study also notes that the release of particulate 

matter (PM10) during quarry operation results in the acidity and presence of metallic ions in 

rainwater (Kalu & Ogbonna, 2021). The acidity and metallic ions are concentrated as the 

rainwater reaches the ground and flows through the soil. The study also reports a diminishing 

trend in impact intensity downstream from the quarry sites.  

Pits in quarry sites are called wet pits when they penetrate the underground water table, 

requiring a dewatering operation to remove the percolated water (Langer & Arbogast, 2002). 

The most common effect of igneous rock quarrying at the streamside is sediment discharge into 

receiving streams (Miliġa et al., 2010). Sedimentation from dewatering quarry site discharges 

mainly causes increased turbidity and reduced dissolved oxygen concentration.  

Discharge of quarry wastewater can harm adjacent streams' water flow and quality by 

sediment pollutants such as total suspended particles and total flow of settleable solids into 

surface waters, resulting in increased turbidity (Chima et al., 2010). Moreover, erosion from haul 

roads, mining sites, abandoned pits, and disposal piles increases the sedimentation in the 

receiving stream, causing severe water quality degradation (Duda & Penrose, 1980). Therefore, 

careful and systematic wastewater treatment processes are essential before discharging effluent 

into nearby water bodies. 

Several articles indicate heavy metals ð Cd, Mn, Fe, Cu, Ar, Ni, Pb, Cr, and Fð as 

pollution in water resources resulting from quarrying activities (Al Mamun et al., 2019; Chima et 

al., 2010; J. G. Kim et al., 2007; Okunlola et al., 2016).  Studies noticed one or more heavy 

metals in samples collected from water bodies near the quarry mining areas. Over-concentration 
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of these metals is harmful to humans as they can cause poisoning and chronic health issues. 

Similarly, quarrying usually accompanies the discharge of heavy metals into receiving streams. 

The concentration of heavy metals in the water bodies harms the food chain and the life of 

aquatic organisms. Aquatic plants and animals can accumulate metals in their tissues, making 

them or the species depending on them toxic (Kalu & Ogbonna, 2021). These studies also noted 

oil, lubricants, and kerosene leakage, indicating the requirement for systematic and careful 

management.  

In addition to negative impacts on human well-being, changes in water's physiochemical 

properties and hydrological patterns affect aquatic life's species and taxa richness. The water 

temperature, dissolved oxygen, and nutrient level are primary indicators of the existence and 

diversity of aquatic life, and extreme levels would reduce diversity. Sedimentation from 

quarrying reduces dissolved oxygen (DO) by limiting the photosynthesis (Cordone & Kelley, 

1961). Thus, it restricts the accessibility to habitat and food (Waters, 1995). As the sediment 

increases, taxa richness decreases (Relyea et al., 2000), and the population of the 

macroinvertebrates declines (Barbour, 1999; Duda & Penrose, 1980).  

Another water-related implication of quarrying includes lowering the water table (Devi, 

2015). Impacts on groundwater depend on the location, geographic location of the sites, the 

depth of the pit, and the amount of rainfall (Gebre & Getaneh, 2012). If the groundwater 

availability near the pit is decent, more water will leak into 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.  



 11 

In contrast, few have found no significant relationship between quarrying and water 

quality influences.  In Nigeria, Adeola (2013) found that according to 105 responses from the 

targeted population in a local community in Ekiti State,  the community did not notice any water 

issues despite the noise and air pollution. Baah-Ennumh et al. (2021) also stated that although 

quarrying has minor impacts on water quality, the sectorôs contribution to socioeconomic 

development outweighs the environmental impacts. Therefore, the impact evaluation of the 

quarry business also considers the benefits that the sector can lead to.  

In conclusion, quarrying activities, including land clearance, blasting, transportation of 

rocks, stone washing, and wastewater discharging, can cause water quality-related problems. 

Sedimentation from runoff and wastewater discharge, leakage of chemicals and heavy metals, 

and release of dust (PM10) were significant issues. However, assessing impacts from this sector 

should consider the positive impacts that can encourage rural, regional, and national 

development as well. Voluntary or regulatory best management 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 effect on air quality is releasing particulate matter (PM) into the 

atmosphere, caused by blasting, crushing, screening, and transportation (Bakamwesiga et al., 

2022; Nartey et al., 2012). The 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 

operation could harm locals' health and wellness. Additionally, quarry-related 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 operations. Similarly, 

crushing, overburden hauling, and transporting blasted rocks and processing can also produce 

noises at their relevant levels. Air pressure vibrations from air blasts are caused by the direct 

discharge of high-pressure explosion gases into the atmosphere and the transfer of ground 

vibrations into the atmosphere (Goforth et al., 2006). Long-term or short-term exposure to these 

loud noises may pose pressures on civilians residing nearby and their belongings, such as houses 

and livestock, due to vibrations and shaking of the earthôs surface (Baah-Ennumh et al., 2021) 

 

2.4 After Quarry Reclamation  

According to Oxford Languages, ñReclamation is the process of claiming something 

back or of reasserting a right.ò During mining permit applications, a mine reclamation plan must 

be included to ensure that the mining activities permanently alter the site's natural conditions as 

little as possible. A mine reclamation plan is a process that ensures the beneficial end-use of the 

area after mining. Nowadays, many mine operators recognize the reclamation benefits and try to 

integrate a progressive reclamation plan that adopts reclamation efforts for each extracted land to 

save on operation costs (Buttleman, 1992; Gebre & Getaneh, 2012). They also know the positive 

effects of having a reclamation plan in public relations.  

End-use of abandoned mines includes, but not limited to, wildlife conservation, open 

space, agriculture, residential, commercial development, and recreational sites. Reclamation 

efforts usually include erosion and sediment control, slope stabilization, and avoiding impacts on 
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wild fauna and flora. The choice of reclamation actions depends on local interest, economic, 

ecological, and recreational opportunities, and potential water supply to residential and 

agricultural fields. According to McCandless (2013), some well-known 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, China (Figure 4), all of which serve as adventure parks, 

residential and commercial spaces, reservoirs, national historic sites, and hotel businesses 

respectively.  

 

   

             

   

(B) Quarry Falls in San Diego (A) Brownstone Park in Portland 

(C) Bellwood Quarry in Atlanta (D) Butchart Gardens on Vancouver 

Island, Canada, 
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Source: A - CT Mirror, n.d; B ï Google Earth pro, 2024; C - Atlanta, 2020; D ï Viator, n.d; E ï 

Stuff, 2024 

 

Figure 4 Photographs of After Quarry Reclamation Success. 

 

Despite the potential benefits of after-quarry reclamation efforts, several problems persist 

due to unclaimed quarry pits. Some unclaimed pits threaten public safety due to the deep vertical 

pit walls, often with deep water (Buttleman, 1992). At Eno Quarry, which has a deep pit filled 

with water in Durham, North Carolina, at least three people died, and several broken-bone cases 

occurred during recreational events (Kagan, 2021). The stagnated water in pits can lead to 

serious health problems in surrounding communities. For 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 residents (WRAL, 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 after-quarry reclamation are essential to 

ensure the full use of the site rather than leaving a hole in the earth's surface.  

 

(D) Groundscraper Hotel in Shanghai, 

China 
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CHAPTER 3: MATERIAL AND METHODS  

 

3.1 Description of Study Area 

The study area is the portion of Crabtree Creek between its diversion at Lake Crabtree 

and the eastern boundary of Umstead State Park at Ebenezer Church Road in Wake County, 

North Carolina. It is situated near the RDU Airport. A considerable portion of the creek flows 

within the Umstead State Park, the second largest county park in North Carolina with an area of 

5,599 acres, and a smaller portion in Wake Stoneôs quarry area.  

 

 

Figure 5 Map of Study Area. 
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3.1.1 Crabtree Creek 

The Neuse River Basin has an area of 6,192 square miles, spreading across 19 counties in 

North Carolina. It contains 133,019 hectares (328,700 acres) of saltwater in North Carolina 

(Albemarle-Pamlico Baseline Water Quality Monitoring Data Summary, 1991-1992 - North 

Carolina Digital Collections, n.d. Neuse River Basinwide Water Quality Management Plan, 

1993, 1993, Neuse March 1993.Pdf, n.d.). The basin is divided into 14 sub-basins, and the upper 

part (i.e., sub-basins 01 to 04) falls within the Piedmont region where erodible clay soils exist. 

Highly populated and industrialized urban areas occupy considerable portions of the basin with 

the highest wastewater discharge. However, the basin is crucial for residential water supply and 

recreational activities, preventing floods, and providing homes for various animals and fish. 

Crabtree Creek, located at 35Á45ǋ30ǌN and 078Á50ǋ41ǌW, is a tributary of the Neuse 

River in Wake County, Raleigh, North Carolina (Wikiwand - Crabtree Creek (Neuse River 

Tributary), n.d.). The creek flows through Morrisville, William B. Umstead State Park, and the 

north sections of Raleigh to its confluence with the Neuse River, extending approximately 28.73 

mi (46.24 km). The creekôs watershed covers an area of 90,750 acres in the Neuse of River basin 

(William B. Umstead State Park Master Plan, 1974), containing urban and suburban areas, 

agricultural land, and natural forest. Three minor streams of Sycamore Creek, Turkey, and 

Reedy Creek flow into the creek in the proposed study area.  

3.1.2 Geography  

Due to the Piedmont landscape, the proposed study area has several hilltops with similar 

elevations that are relatively flat 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 sea-level. According to Google Maps, three small valleys were observed, and the 
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valley that connects the Wake Stoneôs wash-water treatment ponds to Crabtree Creek is observed 

in the middle, while the two other valleys are located 0.1 miles upstream and downstream. All 

the valleys bear seasonal unnamed creeks. The majority of the proposed expansion area has an 

elevation of 350 feet and five moderate valleys, including the largest one connecting to Foxcroft 

Lake.  

The study area is 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 

contains a metamorphic rock type of Hornblende Gneiss, a parallel texture containing 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 areas, and they have friable subsoils classified as Cecil, 

Appling, and other series (Kittipongvises, 2017). Several portions of Crabtree Creek floodplain 

possess alluvial soil with fine, sandy loam soils of Chewacla and Congaree Series. These soil 

types have effective water infiltration performance, enabling the surface runoff to be absorbed 

quickly into the underground water table (Final 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 metagranodiorite, an igneous rock resulting from rock 

metamorphism primarily composed of feldspar, quartz, and some mafic minerals. CZbr1 is Big 

Lake-Raven Rock schist, a 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 and fine-grained texture indicating extrusive or 

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

 

3.1.3 Climate 

Wake County has hot summers and mild winters, characterizing the humid subtropical 

climate (Wake County, NC Climate, n.d.). Average summer daytime temperature reaches 80 F̄ 

to 90 ̄ F, with warm and humid nights having an average of 60 F̄. Summer climate patterns 

largely depend on the entrance of warm temperatures and high humidity from the Atlantic 

Ocean. Compared to other counties, Wake County has a gentler winter season, and the average 

winter temperature ranges from 30 ̄ F to 50 ̄F. Daily temperatures lower than 20 ̄ F are usually 

occur for only a few days. The average rainfall in the area is 46 inches, with an average of 107 

days of rain per year. 
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3.1.4 Hydrology 

The Crabtree Creek watershed covers several portions of the Raleigh metropolitan area. 

The watershed's size, land use, and geology significantly impact the 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 points. In 2022 - 2023, the average gage 

height of the creek was 5.42 ft., and the average water flow rate was 133 cubic feet per second 

(Combined Location Graph - USGS Water Data for the Nation, 2024).  

Within the study area, Sycamore, Turkey, and Reedy Creeks are the main tributaries 

flowing into Crabtree Creek. 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, Long -78.763024). 

The length of the creek that falls in the studyôs area extends a total of 5.2 miles, out of which 

approximately 1.2 miles are in residential 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 meet above the eastern boundary of Umstead State Park. Compared to Sycamore 

Creek, Turkey Creek processes higher runoff from residential areas, which could potentially alter 

the water quality status in Crabtree Creek downstream of their confluence.   

The study area also has five seasonal nameless streams. The first stream, near the North 

Cary Wastewater Treatment Plant, collects effluent from the treatment plant and discharges into 

Crabtree Creek. Another seasonal stream flows about a mile downstream of the first stream, 

connecting Foxcroft Lake to Crabtree Creek. Below this stream is two more streams located 0.1 

miles down, on either side of Crabtree Creek. Towards the northern side of Crabtree Creek, 

below the previous streams, another creek emerges from two valleys, creating a ridge within 
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Umstead State Park. On the southern side, two streams originating from Wake Stoneôs Quarry 

and Umstead State Park converge at a point near the quarry and then flow into Crabtree Creek. 

The last stream is located 0.1 miles downstream from the quarry creek. 

 

 

Figure 8 Hydrology Map of Study Area. 

 

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

portion of the creek flows through several urbanized areas (Wikiwand - Crabtree Creek (Neuse 

River Tributary), n.d.). Forecasting floods and controlling floodplains are crucial for 

safeguarding local infrastructure and communities. Urbanization near Crabtree Creek has 
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changed its hydrology as the population of Wake County has grown. Cary, for example, grew 

from about 4,000 residents before 1980 to over 120,000 in 2020 (Barkin, 2023). Surface runoff 

can be increased, and flow patterns can vary if there are more impervious surfaces, such as roads 

and buildings. Pollutants from urban stormwater overflow can harm aquatic habitats and the 

quality of the creek's water. 

Crabtree Creek illustrates a frequent history of floods due to its vulnerability to water 

level changes. Floods in the creek can occur even during moderate rainfall. The Raleigh City 

official initiated actions to prevent floods from the creek at different points in the past. Attempts 

to mitigate the flood issue by constructing retention ponds on the creek and its tributaries have 

only provided partial relief, as rapid urban development in Wake County has led to increased 

stormwater runoff. Crabtree Valley Mall got its name from the creek. During the mall 

construction, the creek was redirected into an artificial channel behind the mall. There 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 Avenue is 5.5 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 Storm Alberto in 2006. Hurricane Fran in 

September 1996 resulted in the third-highest water level, reaching 23.00 feet (7.01 m). During 

these outbreaks, several portions of Raleigh, including commercial areas downstream from 

Umstead State Park, experienced intense floods.  
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3.1.5 Review of Crabtree Creekôs Water Quality  

In most cases, dissolved oxygen (DO), pH, connectivity, turbidity, metal, and nutrients 

are mainly used to assess water quality. DO usually gives information on water conditions, 

including its support for aquatic life and durability for external discharges (Neuse River Basin 

Ambient Monitoring System Report, 2012). The DO standard varies depending on the type of 

water (i.e., 6.0 mg/l for non-trout water and 5.0 mg/l for trout water). pH is a measurement that 

decides the acidic or base properties of the water. The pH scale range from 0 to 14, with an 

optimal neutral level of 7. The standard pH value for the creek, referring to class C non-trout 

Piedmont water, as identified in 15A NCAC 02B .0208, is between 6 and 9 (Surface Water 

Standards, n.d.). Any value lower or greater than this value requires special management 

attention. 

Similarly, conductivity is crucial in determining water quality. It measures how well 

water can transmit an electric current, and the presence of ions and temperature are the main 

actors in this determination. On the other hand, turbidity indicates the clarity of water by 

measuring the amount of light that passes through it. High turbidity values usually characterize 

streams that receive pollutants from different sources. Turbidity is expressed in Nephelometric 

Turbidity Units (50 NUT), and the amount less than or equal to 50 Nephelometric Turbidity 

Units (50 NUT) is regulated as an optimal standard for non-trout water in Piedmont streams. If 

natural factors cause turbidity to exceed these limits, the current turbidity level must not be 

raised. The metal concentration in water is essential for aquatic life, including 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 said that the dissolved oxygen (DO) concentration at the Umstead State (above 

the quarry) site was relatively low, and nutrient concentration (especially total nitrogen) was 

high near Ebenezer Church Road (below 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, and sanitary sewer overflow.  

Due to urban development, Crabtree Creek possessed the highest turbidity. The majority 

of the problems include high turbidity and specific conductivity (Neuse River Basinwide 

Assessment Report, 2001). The report also stated that the creek's total phosphorus and ammonia 

concentrations were high (median > 0.15 mg/L). The conductivity was also increased, reaching 

360 µmhos/com, making it the highest in the Neuse River subbasin 2. The concentrations of 

dissolved oxygen and total suspended solids were harmful. Higher iron concentrations were also 

observed at Ebenezer Church Road (below the quarry) in 2002 due to upstream construction and 

streambank erosion (Neuse River Basinwide Water Quality Plan, 2002).  

An independent assessment in 2009 described the same finding of stressful turbidity 

levels (Bonner et al., 2009). The turbidity value ranged from 25 and 23 NTU in the spring and 

fall to 58.2 NTU in the winter. The 2011 Ambient Monitoring System Report recorded several 

violations of DO and turbidity at sites within the present studyôs area.  

 

3.2 Data and Analysis Procedures 

This study analyzed the impacts on water quality in two parts. The first analysis used 

historical water quality data from ambient monitoring sites established by the North Carolina 

Department of Environmental Quality, while the second focused on field measurement. The 
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focal parameters for the first analysis include 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, and pH. A visual and 

photograph survey was also conducted using R software to support the findings of the analyses.  

3.2.1 Ambient 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 (AMS) data for water are 

collected and shared for public access.  The AMS data are collected by state agencies following 

standard operating procedures. They are primarily used to monitor water quality to check 

compliance with the stateôs water quality standard, identify areas that exceed the standards, 

present the temporal and spatial trend in water quality, and assess the anthropogenic impacts of 

NPDES (NCDEQ, 2017). In North Carolina, the North Carolina Department of Environmental 

Quality has been collecting water quality information all over the state by defining national 

ambient sites (Figure 9).  

Along the relevant portion of Crabtree Creek are two AMS stations (Figure 10 & Table 

2). For the analysis purpose in this study, the two sites are named ñUpstream Siteò (Lat: 

35.83770, Long: - 78.78084) and ñDownstream Siteò (Lat: 35.841000, Long: -78.744000) 

according to their location. The upstream site has a dataset ranging from May 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 1995. Therefore, 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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relocated site, as Sycamore, Turkey, and Reedy Creeks intersect at different intervals between 

the downstream and relocated points. 

 

 

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

Carolina. 

 

Two discharges from the North Cary Wastewater Treatment Plant (NCWWTP) and 

Wake Stoneôs Triangle Quarry are located within the studyôs portion of the creeks. The 

discharge from NCWWTP is approximately 0.04 miles (207 feet) below and 3.2 miles above the 

upstream and downstream stations, respectively. The Wake Stoneôs discharge is 1.78 miles 

below the upstream and 1.41 miles above the downstream stations.  
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Figure 10 Location of Ambient Monitoring Sites and Wastewater Discharge Points in the Study 

Area. 

 

Table 2 Ambient DEQ Monitoring Sites in the Proposed Study Area. 

Subbasin/ 

ID 

Name Location Lat  Long Time 

J2850000 Upstream 

Site 

Crabtree Creek 

at SR 1795 I-40 

(near Umstead 

State Park) 

35.83770 -78.78084 1982 - 2021 

J2860000 Midstream 

Site 

Crabtree Creek 

at SR 1795 I-40 

(in Umstead 

State Park) 

35.84100 -78.744000 1982 - 1995 

 



 28 

The primary independent variable in this study is the location of sampling sites (i.e. 

upstream and downstream), while the dependent variables compass interested water quality 

parameters½dissolved 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 recorded twice on the 

same day or within a month.  These data were combined for analysis, and the average value was 

used for comparisons. Furthermore, the investigation examined the temporal discrepancy 

between upstream and downstream measurements. Observations revealed that this temporal 

differential spanned from 10 to 45 minutes. Therefore, this temporal alignment mitigated the 

variance in measured values for metrics sensitive to temporal changes, such as pH, dissolved 

oxygen (DO), and conductivity. Information 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 following normal distribution, and the data being recorded in metric format. Finally, a 

paired t-test was used for water quality comparisons between the two sites, testing each 

parameter's changes in upstream and downstream sites. In addition to the t-test, the following 

steps were followed to prepare boxplots and trend analysis for visual reporting. 
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Table 3 Preparation steps for visual illustration. 

Illustration  Method 

Monthly Water Quality Trend 

Graphs  

Averaged monthly measurement value and displayed 

trends  

Difference Variation by Year Averaged monthly values, calculated the differences by 

subtracting the downstream value from the upstream 

value, data were present on boxplots  

Difference Variation by Month Averaged monthly values, Calculated the differences by 

subtracting the downstream value from the upstream 

value, data were present on boxplots 

Seasonal Variation Graphs Averaged monthly values, defined seasons; Winter = Dec-

Jan-Feb, Spring = Mar-Apr-May, Summer = Jun-Jul-Aug, 

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

3.2.2.1 Field Data and Analysis 

In order to gain practical field experience in water quality sampling, I performed example 

field data monitoring on several sites by the quarry. The North Carolina Aquatic Data Hub 

Methods Manual is used as a standard procedure for field water quality sampling activities. 

Stream visual surveys, which collect information about the visible appearance of water, the 

presence of fish, aquatic plants and birds, and any disturbance in the stream, were performed in 

all field measurements. Three sampling sites (Table 4 & Figure 11), S 001 ï Crabtree Creek at 

Quarry, S 002 ï Reedy Creek, and S 003 ï Crabtree Creek at I-40, were identified, and 

measurements were conducted biweekly from the third week of December 2023 to the last week 

of February 2024 with five total field visits. S 001 is located right below the point where the 

quarryôs discharged channel occurs in the State Park. S 003 is located at Interstate 40, where the 

creek flows through the highway, and measurements at this point began two weeks later than the 

other two sites. Data were also taken from the site about 0.1 miles upstream of Reedy Creek 

Lake, S 002. This point was used as a control for comparison with Crabtree Creek due to limited 

disturbance by human activities.  

Water quality data were collected using the YSI (Yellow Springs Instruments) 

Professional Plus Multiparameter Instrument and the turbidimeter. pH, temperature, dissolved 

oxygen, and specific conductivity were measured in situ, while the turbidity of the water was 

measured by taking grabbed samples. Before each measurement, calibrations were performed for 

specific conductivity (with a 1000 ɛS/cm conductivity standard), dissolved oxygen, and pH 

(utilizing pH 7 and 10 buffer solutions) in the Jordan Hall Addition water laboratory at room 
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temperature. The YSI was then taken into the field, and data were recorded by placing the probe 

at a depth of six inches.  

 

 

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 

ID 
Name Location Lat  Long Parameters 

Sample Frequency 

(times) 

S 001 Downstream Downstream of 

the Quarryôs 

Discharge 

Channel 

35.841744° -78.762151° pH, Dissolved Oxygen, 

Specific Conductivity, 

Turbidity 

5 

S 002 Control 0.1 mile 

upstream of 

Reedy Creek 

Lake 

35.833971° -78.744676° pH, Dissolved Oxygen, 

Specific Conductivity, 

Turbidity 

5 

S 003 Upstream Upstream of 

quarry, Under 

the Bridge at 

the intersection 

of I-40 and 

Crabtree Creek 

35.839307° -78.780225° pH, Dissolved Oxygen, 

Specific Conductivity, 

Turbidity 

3 
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For turbidity testing, grabbed water samples were taken by rinsing the pre-cleaned 

polyethylene bottles three times with sample water and taking the sample six inches below the 

surface. The bottles were then transported to the Jordan Hall Addition water 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 sample collection followed a downstream-to-

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

 

   

 

 

Figure 12 Water Quality Data Collection Tools. 

 

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. 

(A) Field Measurement using YSI and 

Grab Sample Containers 

(B) Turbidimeter for Laboratory 

Turbidity Testing 
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3.2.2.2 Visual 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 from The North Carolina Aquatic Data 

Hub Methods Manual was used to collect information relating to site conditions. Several 

photographs were taken from the sampling places 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, turbidity, hardness (Ca, Mg), copper, lead, iron, zinc, and total solids concentration 

between the upstream and downstream points from 1982 to 1995. After fulfilling the 

assumptions, such as normality, the use of the same measurement on the same object, a paired t-

test was used to examine any significant differences between the two locations for each 

parameter. 

4.1.1 Turbidity  

Turbidity is a measure of water clarity (USEPA, 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 solids, dissolved oxygen (DO), total dissolved solids, and 

hardness. Turbid water usually illustrates decreased DO levels and increased water temperature 

(USEPA, 2021d). The most common human-induced factors that cause high turbidity in rivers 

and streams include clear-cutting of forest areas, mining, construction, poorly treated wastewater 

discharges, algal growth due to fertilizer use, and urban runoff (GWT, 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 filter-feeding system, reduce predators' 

visibility to find prey, decrease aquatic plant biomass and growth rates due to limited sunlight 

availability, diminish fish resistance to disease, and alter reproduction processes. Therefore, the 

North Carolina Department of Environmental Quality (NCDEQ) set the standard turbidity level 

for the non-trout Piedmont stream at 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 (Figure 13) 

from 1982 to 1995. The mean turbidity value at the upstream point (above the quarry) is 38.6 ° 

48.1 NTU (median 30 NTU), with a minimum of 1 NTU and a maximum of 750 NTU, which 

makes the creek have the highest level in the entire subbasin. The highest turbidity value (750 

NTU) was recorded at the upstream point in 1984. The downstream site has a mean value of 37 

° 48.7 NTU (median 37 NTU) with a minimum of 1.4 NTU and a maximum of 380 NTU.  

 

 

Figure 13 Comparison of Upstream and Midstream Turbidity Trends (1982 ï 1995). 

Note½The highest turbidity measurement (750 NTU) at the upstream point during 1984 is 

excluded from the plot due to its visual difficulties. 

 



 37 

The statistical test for turbidity revealed that the upstream site (above the quarry) has a 

higher turbidity most of the time (paired t-test, t = 2.5206, p < 0.01). Despite the temporal 

difference, this finding was reinforced by the visual/photograph survey of the study taken in 

2024 (Figure 14), which illustrates higher turbidity at the upstream point (above the quarry). 

Similarly, the turbidity boxplot for the season (Figure 16) and the difference variation in year 

and month (Figure 15) show that the upstream has higher turbidity levels than the downstream 

site throughout the assessed period. 

 

     

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

Figure 14 Comparison of Water Turbidity at the Upstream (A) (above the quarry) and 

Midstream (B) (below the quarry) Sites. 

Note½The photographs taken on the same date illustrate the muddy and brown watercolor at 

the upstream (Left) and the less turbid color at the downstream (Right) 

A B 
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Figure 15 Turbidity Differences by Year and Month (1982 ï 1995).  

Note½The higher turbidity values at the upstream site (i.e., the median values in the boxplot lie 

below the red line) are observed almost every year and month. The highest turbidity 

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

visual difficulties. 

 

 

Figure 16 Turbidity Variation by Season and Location (1982 ï 1995). 

Note½The 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 DEQ has been working on Nesue Rive basinwide water quality assessment and 

management planning using ambient water quality data. Previous DEQ ambient reports and 

management plans claim that turbidity at the upstream site resulted in several exceedances of the 

standard threshold due to urban runoff (Neuse River Basin Ambient Monitoring System Report, 

2012; Neuse River Basinwide Assessment Report, 2001; Neuse River Basinwide Water Quality 

Management Plan, 1993; Neuse River Basinwide Water Quality Plan, 1998). In support of the 

DEQôs findings, the study also suggests that upstream turbidity levels are likely attributable to 

sediment disturbance originating from the creek's diversion point at Crabtree Lake (Figure 17). 

Moreover, the variation in turbidity between the two points seems stable (Figure 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. 

 

The upstream sampling location is situated approximately 0.5 miles and 1.78 miles above 

the discharges from the wastewater treatment plant and the quarry, respectively. According to 

the field photograph survey, the water clarity in both facilitiesô discharge is more transparent 
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than Crabtree Creek (Figure 19). The dilution effect from both facilitiesô discharge likely 

decreases the turbidity of the water downstream.  

 

 

Figure 18 Turbidity Difference According to Seasons. 

 Note½ The boxplot median values lie below the red line and indicate that the turbidity values 

are greater at the upstream site. The 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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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 

ñWater temperature is defined as the amount of average kinetic energy in water 

molecules and is measured in degrees Fahrenheit (F) or Celsius (C).ò (USEPA, 2021b). The 

temperature indicates the warmness or coldness of the water. An increase in 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 blooms. Short-term temperature changes in water bodies can harm 

aquatic organisms in reproduction, feeding, and growth. It can also limit the productivity of 

macroalgae and seagrasses, making them more vulnerable to diseases and parasites. Moreover, 

the temperature increase may force aquatic organisms to leave their habitats. On the other hand, 

long-term temperature rise brings more serious threats to aquatic organisms through loss of 

temperature-dependent species, change in aquatic population, and loss of aquatic habitats 

through increased salinity and water area shrinkage due to increased evaporation. For protection 

(A) Confluence of the Discharge from 

Wastewater Plant and Crabtree Creek 

(B) Discharged Water from the Wake 

Stoneôs Quarry 
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purposes, NCDEQ promulgated the maximum temperature threshold for non-trout Piedmont 

streams in North Carolina as 32 C̄. 

Several natural and human-made factors influence the temperature variation in surface 

water. In nature, weather patterns (precipitation, atmosphere temperature, wind speed, and 

presence of clouds), 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 plants and 

other facilities, impoundments, and turbidity.  

The water temperature analysis displayed that the mean temperature at the upstream point 

is 18 ° 7.8 ̄ C (median 17 ̄C), while the downstream point is 16.4 ° 7.0 ̄ C (median 16.5 ̄ C). 

The minimum and maximum temperatures for the upstream and downstream sites range from 

1 C̄ to 31.6̄C and 1̄C to 30̄C, respectively. A significant decrease in temperature was 

observed at the downstream sites (below the quarry) during the test (paired t-test, t = 6.2751, p < 

0.01). Although the turbidity is higher at the upstream sites, the temperature comparison resulted 

in a decreased trend at the downstream site.  
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Figure 20 Comparison of Upstream and Midstream Temperature Trends (1982 ï 1995). 

 

The study found no exceedance of the North Carolina Surface Water temperature 

standard (<= 32 ̄ C) for non-trout Piedmont streams (Figure 20). During the study, the summer 

season had the 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 more noticeable in summer. (Figure 21). The boxplot 

illustrating the yearly difference in variation (Figure 22) indicates a consistent trend of higher 

water temperatures across the years and in all months spanning from 1982 to 1995.  
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Figure 21 Temperature Variation by Season and Location (1982 ï 1995). 

Note½The 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 level recorded at the upstream site. 

    

Figure 22 Temperature Differences by Year and Month (1982 ï 1995). 

Note½The placement of the median value below the red line 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 highlighted a significant decrease in water temperature as the water 

flows downstream, which occurs during the summers. The storage of turbid water in Lake 

Crabtree will create a longer contact with sunlight, increasing the water temperature. During the 

summer season, when Crabtree Creekôs water level is low, the water temperature tends to 

decrease as it flows downstream of Lake Crabtree. Another factor that will potentially affect the 

temperature decrease is the presence of woods along the bank of Crabtree Creek, which prevents 

sunlight from reaching the creekôs water surface. Additionally, decreased turbidity also 

facilitates a decrease in temperature (USEPA, 2021d), and this claim is consistent with the 

improved turbidity level due to the effluents from Wake Stoneôs quarry and the wastewater 

treatment plant. Hence, we can infer that the flow of water out of Lake Crabtree, the presence of 

woody vegetation, and the effluent from the quarry and the treatment plant may contribute to 

reducing water temperature.  

 

4.1.3 Dissolved Oxygen (DO) 

The dissolved oxygen (DO) level refers to the amount of oxygen in water, (USEPA, 

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 

stages. Figure (23) specifies the 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 the too-low 

condition will even affect their survival. The minimal dissolved oxygen (DO) requirement varies 

significantly among aquatic species. For instance, trout necessitates a higher DO concentration 

than species such as carp, which adapt to lower DO conditions. Immature stages of certain 
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aquatic insects demonstrate an increased sensitivity to diminished DO levels, while other 

organisms, such as aquatic worms and snails, display greater resilience to reduced DO 

concentrations. According to the NC surface water standard, Piedmont streams (non-trout) must 

retain not less than ña daily average of 5.0 mg/l with an instantaneous value of not less than 4.0 

mg/lò. A decline below the standard level will create a stressful environment for aquatic life, 

especially for early life stages.  

 

 

Figure 23 Range of tolerance for dissolved oxygen in fish. 

 

Several factors influence the DO fluctuations. The 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 systems (Neuse River Basinwide 

Water Quality Management Plan, 1993). Aquatic 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. Insufficient sewage treatment at wastewater treatment plants can also decrease 

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) (Table 5). The studyôs analysis result specifies that the DO variation 

between the two sites exhibits a significant difference (paired t-test, t = 3.2434, p < 0.01). The 

average DO value at the upstream site is 8.2 ± 2.8 mg/l (median of 8.0 mg/l), ranging from 2.3 to 

14.7. Meanwhile, the downstream site shows a value of 8.58 ± 2.3 mg/l (median of 8.3 mg/l), 

with values ranging from a minimum of 2.28 to a maximum of 14.6. Observations from the 

yearly difference graph for 1982 to 1995 (Figure - 25) indicated that the downstream point 

(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/l, 

were predominantly observed at the upstream site. Moreover, occurrences of DO levels falling 

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

1989.  

 

 

Figure 24 Comparison of Upstream and Midstream Dissolved Oxygen Trend (1982 ï 1995). 
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Figure 25 Comparison of Upstream and Midstream Dissolved Oxygen Trend (1982 ï 1995). 

 

Figure (25) denotes a higher level of DO at the downstream location (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, summer, and winter 

(Figure 26). Higher DO values were observed in wintertime and the lowest in summer. However, 

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

months. 

 



 49 

 

Figure 26 Dissolved Oxygen Variation by Season and Location (1982 ï 1995). 

 

The upstream point (above the quarry), located 0.19 miles below Crabtree Creekôs 

diversion at Crabtree Lake, has higher turbidity, which may probably contribute to a low DO 

value at this point. Results disclosed that the 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 improves the turbidity of the water between the upstream 

and downstream sites. Less turbid water offers more sunlight to reach the aquatic plants and 

helps improve their photosynthesis capacity. Consequently, the water becomes more 

concentrated with DO, creating favorable conditions for aquatic life between the upstream and 

downstream locations.  
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4.1.4 Copper 

Copper (Cu) is a trace element naturally occurring in surface water (USEPA, 2014). 

Copper pollution in natural waterways mainly results from industrial discharges, algaecide, and 

water oxidation on brass tubing and copper. Copper has a high capacity to conduct heat and 

electricity, reflecting a greater level of conductivity in water. Although the trace copper 

concentration in water bodies benefits the growth of living organisms, excessive amounts can 

pose severe threats to aquatic life forms. Copper is a hardness-dependent metal, and the critical 

threshold is usually calculated based on its hardness level. However, for ambient monitoring, the 

maximum allowable copper limit for acute (short-term or immediate) measurement is 7 mg/l. 

During the selected time interval of the study, copper was not detected at an earlier time 

(i.e., 1982 ï 1987), except for one instance in February 1983 at the downstream site when Lake 

Crabtree was opened to the public. In the majority of the years, the detection appears consistent; 

for instance, if no detection occurred at the upstream site, no detection was observed at the 

downstream point. The upstream site exhibits a mean value of 4.2 Ñ 4.1 ɛg/L (median 0), 

ranging from 0 ɛg/L (minimum) to 24 ɛg/L (maximum). The downstream site demonstrates a 

mean of 2.9 Ñ 4.1 ɛg/L (median 0), with a minimum of 0 ɛg/L and a maximum of 20 ɛg/L. No 

significant difference in copper level between the two monitoring sites was observed (paired t-

test, t = -0.0342, p = 0.9728). 
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Figure 27 Comparison of Upstream and Copper Trends (1982 ï 1995). 

 

    

Figure 28 Copper Differences by Year and Month (1982 ï 1995). 
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Figure (29) shows the concentration of copper according to the seasons. At both sites, 

cases exceeding the EPA-recommended copper level (less than 7 µg/l) were predominantly 

observed across nearly all seasons. 

 

 

Figure 29 Copper Variation by Season and Location (1982 ï 1995). 

 

4.1.5 Iron 

Iron is a frequently occurring metal within the Earth's crust and is commonly found in 

proximity to regions where hard-rock mining operations are conducted (Cadmus et al., 2018). 

Many natural rock formations contain iron elements that rain carries into water bodies (Longôs 

EcoWater Systems, 2020). The geographical characteristics of a region are crucial in regulating 

the concentration of iron in natural watercourses (Al Mamun 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 stone-washed water, and dewatering from pits.  Furthermore, municipal water systems 

may include pollutants, and inadequate treatment processes can result in elevated accumulations 

of heavy metals, such as iron, within surface water bodies. High iron concentration in water does 

not result in human health impacts but can, depending on the pH level, affect the well-being of 

aquatic animals.  

The study found that the concentration of iron was higher at the upstream site, with an 

average of 2337 ± 2746.3 µg/l (median 1700 µg/l), compared to the downstream site, which had 

a median of 1943 ± 3444.7 µg/l (median 1200 µg/l). The 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, respectively. No 

significant difference was observed between the two locations during the test (paired t-test, t = 

1.4424, p = 0.332).  

 

 

Figure 30 Comparison of Upstream and Midstream Iron Trends (1982 ï 1995). 
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Figure 31 Iron Differences by Year and Month (1982 ï 1995). 

Note½The iron concentration is greater in the upstream area (i.e. most of the median values in 

the boxplots are below the red line). 

 

 

Figure 32  Iron Variation by Season and Location (1982 ï 1995). 
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Higher iron reference was also noted, exceeding the formerly described threshold of 1000 

mg/l. The Neuse River Basinwide Assessment Report 2001 showed that two-thirds of the basin 

area has a 10 percent succeeding level of the standard (Neuse 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 operations (NCDEQ, 2009). The threshold of 1000 mg/l for 

North Carolina Surface water was removed later. Similar to copper concentration, the iron 

concentrations were higher upstream than the downstream values. 

 

4.1.6 Zinc 

Zinc is an essential trace element for animals and plants, and it is usually present 

naturally in trace amounts in surface water. It is used in many commercial production sectors and 

can be released into water bodies through wastewater discharge (Rauner, n.d.). In most cases, 

zinc does not dissolve in surface water and settles to the bottom. Aquatic animals, such as fish in 

these areas, tend to have accumulated zinc levels due to consumption over time. Although a 

higher zinc level, except an excessive amount, has no adverse impacts on humans, a lower 

concentration exceeding the standard limit can lead to toxicity to fish and aquatic organisms. 

North Carolina has a critical zinc level of 50 mg/l. 

The sampled zinc value results in the mean zinc concentration upstream as 6.9 mg/l 

(median 0 mg/l) and downstream as 6.4 ° 9.8 mg/l (median 0 mg/l). No statistical difference 

resulted in the measured value between the two sites (paired t-test, t = 0.2635, p = 0.7932). 

Measured zinc values fall within the NC surface water zinc standard of less than 50 mg/l 0). 
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Figure 33 Comparison of Upstream and Midstream Zinc Trends (1982 ï 1995). 

 

    

Figure 34 Zinc Differences by Year and Month (1982 ï 1995). 

 



 57 

 

Figure 35  Zinc Variation by Season and Location (1982 ï 1995). 

 

The presence of lead was not detected during the study period. Copper and zinc were 

present, but the mean and median concentrations were slightly higher at the upstream point, 

implying that the elevated conductivity (see section 4.1.8), hardness levels (see section 4.1.9), 

and total solids (see section 4.1.10) are unrelated to 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.   
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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 0 to 14, with a neutral level of 7. Greater values than the 

neutral level indicate a more basic nature, while smaller values are acidic. pH values are 

described on a logarithmic scale, where each unit change corresponds to a ten-fold difference 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 hundred-fold increase in acidity. 
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Therefore, pH is commonly used in several water quality measurement and monitoring tests, 

including wastewater treatment and quality management (Devi, 2015).  

The pH of surface water varies naturally depending on geographical conditions, 

interaction with soils, and the total constituents of water and runoff (Neuse River Basin Ambient 

Monitoring System Report, 2012). 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-dependent; fish eggs cannot hatch at a pH level lower than 5. Figure (37) shows the critical 

pH level according to different species. In order to maintain healthy living conditions, North 

Carolina State promulgated the standard pH level of 6 ï 9 for water bodies classified as class B. 

 

 

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 mean of 6.9 ° 0.4 

(median 6.9). The downstream point 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 is a significant difference in pH level, indicating a higher 

level at the downstream point (paired t-test, t = - 3.6911, p < 0.01). Boxplots of pH difference 

variation (Figure 39) also support this finding of significance, with all the boxplot median lines 

standing above the red line in all years and months.  

 

 

Figure 38 Comparison of Upstream and Midstream pH Trends (1982 ï 1995). 

 

Compared to other parameters, pH has less seasonal variation (Figure 40). The 

downstream site (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 data stand within North Carolinaôs standard limit (6-9). Some declines 
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below the minimal level of 6 were noted for the upstream stations. However, 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. 

 

    

Figure 39 pH Differences by Year and Month (1982 ï 1995). 

Note½Greater pH values (median lines of boxplots are above the red line) were observed at the 

downstream sites for all years and months. 

 

 

Figure 40 pH Variation by Season and Location (1982 ï 1995). 
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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 points. Water temperature and pH 

are inversely proportional (AtlasScientific, 2023), and the decline in water temperature results in 

increased pH. 

 

4.1.8 Specific Conductance (Conductivity) 

Conductivity measures how well an electric current can pass through the water (USEPA, 

2013). Although conductivity does not directly affect aquatic well-being, it indicates the 

presence of discharges or other pollution sources (USEPA, 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 of pollution, as affected streams usually characterize elevated conductivity levels 

(Wenner et al., 2003). The concentration of minerals, temperature, and salinity are positively 

associated with the conductivity (Neuse River Basin Ambient Monitoring System Report, 2012).  

According to the analysis, specific conductivity suggests a significant difference between 

the two monitoring sites (paired t-test, t = -7.42, p < 0.01). Analysis results also highlight that the 

specific conductivity values at the upstream site vary from 23.9 mS/cm to 439 mS/cm and possess 

a lower average of 110.4 mS/cm ° 50.3 (median 94 mS/cm). In contrast, a higher average is noted 

at the downstream site, reaching 164.6 ° 119 mS/cm (median 108.5 mS/cm) with a minimum of 

30 mS/cm and a maximum of 540 mS/cm. After the quarry and the North Cary Treatment Plant 

started operating in 1984, it is noted that the specific conductance at the downstream site 

increased from 1985 to 1995.  
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Figure 41 Comparison of Upstream and Midstream Specific Conductivity Trends (1982 ï 1995). 

    

Figure 42 Specific Conductivity Differences by Year and Month (1982 ï 1995). 

 

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

although minor differences were observed in spring and winter. Figure (43) shows that the 

conductivity values at the downstream points were elevated in almost all seasons, with 

significant levels in fall and summer. Several violations of EPA's conductivity range for natural 

surface water (0 ï 200 S/cm) are more common at the downstream site in all seasons (Figure 43).   
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Figure 43 Specific Conductivity Variation by Season and Location (1982 ï 1995). 

 

An increase in water temperature can result in a higher specific conductivity (USEPA, 

2013). Contrary to this claim, the seasonal temperature variation observed during this study 

(Figure 43) indicated the opposite trend where the temperature at the upstream is higher than the 

downstream. Summer had the highest median water temperature, but it was higher upstream. 

Based on this discovery, it is reasonable to conclude that temperature fluctuations are unlikely 

attributable to elevated conductivity levels. Furthermore, only 0.2 ppt of salinity was detected at 

the downstream point in 1992 within the study time frame, making it impossible that this factor 

resulted in higher conductivity. Moreover, copper, iron, and zinc elements do not return 
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significant increases at the downstream point. Therefore, the potential causes will probably be 

associated with increased hardness (see section 4.1.9) and total solid concentration (see section 

4.1.10). This evaluation is reinforced by the positive correlation between conductivity and 

hardness (Devi, 2015; Thompson et al., 2012) and total solids (Chima et al., 2010; Lamare, 

2014) in streams. The 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 conductivity, facilitating 

increased electrical conduction through the water. 

Several studies highlighted water quality changes in different countries. Some studies 

reported an alteration in the receiving stream's conductivity level due to quarrying activities 

(Chima et al., 2010; Lamare, 2014; Wenner et al., 2003). The increased dissolved solids and ions 

in the effluent led to higher conductivity in the receiving stream (Chima 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 study support the authorôs claim that 

specific conductivity is a reliable indicator of urban stream pollution, as it 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 water (USGS, 2018)½the higher the concentration of these dissolved minerals, 

the harder the water. Water's hardness also depends 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 dependent. Accumulated hardness limits the 

availability of other essential nutrient components, such as phosphorous and potassium. 

Moreover, it can introduce stress, diseases, and even fish kills.   

In the current study, the upstream site (above the quarry) has a mean value of 34.0 ° 13.9 

mg/l (median 32 mg/l), with a minimal value of 14 and a maximum of 130. The downstream site 

(below the quarry) has a mean value of 36 mg/l (median 46 ° 26.1) with a minimal value of 18 

and a maximum of 150. The t-test analysis showed a significant difference between the two 

points (paired t-test, t = -4.8414, p < 0.01), highlighting an increased amount in the downstream 

point.  

 

 

Figure 44 Comparison of Upstream and Midstream Hardness (1982 ï 1995). 
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Figure 45 Hardness (Ca, Mg) Differences by Year and Month (1982 ï 1995). 

 

Although the hardness difference between the two sites was significant from 1982 to 

1990, the difference became bigger after 1991 (Figure 45).  The seasonal variation plot indicated 

a higher water hardness in all seasons at downstream points.  

 

 

Figure 46 Hardness (Ca, Mg) Variation by Season and Location (1982 ï 1995). 
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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 through a filter with 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 particulate matter, affecting aquatic species' well-being. Some 

ions carried by water with high total solids are used to settle at the bottom of streams, producing 

toxicity in aquatic animals through bioaccumulation. Too high or too low a 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 assessing contributions from industrial and household 

discharges, construction, 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 (1982 ï 1995). 

 

Although some elevated levels of total solids are observed at both upstream and 

downstream sites, figure (48) illustrates that higher concentration at the downstream site (below 

the quarry) started in 1985 and continued, coinciding with the land clearance for Lake Crabtree 

establishment and the start of operations at the North Cary Water Treatment Plant. Although 

there are differences in total solids for every season, the highest variations are observed during 

the fall season (Figure 49). 
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Figure 48 Total Solid Differences by Year and Month (1982 ï 1995). 

 

 

Figure 49 Total Solids Variation by Season and Location (1982 ï 1995). 

 

Higher total solid concentration is noted at the downstream site (below the quarry) with 

an average of 188.3 mg/l ° 92.4 (median 160). The lowest measured value at the downstream is 

62 mg/l, and the highest is 520 mg/l. The upstream site (above the quarry) shows a significantly 

lower average value of 160 mg/l ° 106.1 (median 120) with a minimum of 77 mg/l and a 
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maximum of 770 mg/l. A significant disparity (paired t-test, t = - 3.09, p < 0.01) was found 

between the upstream and downstream locations, indicating that the concentration increased as 

the water flowed between them. 
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Table 5 Summary Statistics of Paired T-test 

Variable Location N 

Summary Statistics 
Result 

Trend 

NC 

Standard Median Mean SD Min  Max t-value df p-value 

Dissolved 

Oxygen 

(mg/l) 

Upstream 

139 

8 8.2 2.4 2.3 14.7 

-3.2434 138 0.001481*** Positive <= 5.0 
Midstream 8.3 8.6 2.3 3.5 14.6 

Temperature 

( C̄) 

Upstream 

139 

17 18 7.8 1.0 31.6 

6.2751 138 4.221e-09 *** Positive <= 32 
Midstream 16.5 16.4 7.0 1.0 30.0 

Specific 

Conductance 

(mS/cm) 

Upstream 
134 

94 110.4 50.3 23.9 439.0 
-7.42 133 1.243e-11*** Negative <= 200¦ 

Midstream 108.5 164.6 119.0 30.0 540.0 

pH 
Upstream 

138 
6.9 6.9 0.4 5.7 7.7 

-3.6911 137 0.00032*** Positive 6 - 9 
Midstream 7.1 7.0 0.4 5.7 7.8 

Turbidity 

(NTU) 

Upstream 
135 

30 38.6 48.1 1.0 750.0 
2.5206 136 0.01287** Positive <= 50 

Midstream 22.3 37.0 48.7 1.4 380.0 

Hardness 

(Ca, Mg) 

(mg/l) 

Upstream 

127 

32 34.0 13.9 14 130 

- 4.8414 126 3.703e-06 *** Negative NA 
Midstream 36 46 26.1 18 150 

Copper (ug/l) 
Upstream 

56 
0 4.2 4.1 0 24 

-0.0342 55 0.9728  <= 7 
Midstream 0 2.9 4.1 0 20 

Iron (ug/l) 
Upstream 

94 
1700 2337 2746.3 100 28000 

1.4424 93 0.1525  NA 
Midstream 1200 1943 3444.7 100 33000 
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Table 5 Summary Statistics of Paired T-test (Continued) 

Zinc (ug/l) 
Upstream 

54 
0 6.9 11.1 0 50 

0.2635 53 0.7932  <= 50 
Midstream 0 6.4 9.8 0 36 

Total Solids 

(mg/l) 

Upstream 
123 

120 160 106.1 77 770 
-3.09 122 0.00248 *** Negative NA 

Midstream 160 188.3 92.4 61 520 

 

Notes: ***p < 0.01, **p < 0.05, *p < 0.1.  ¦  = EPA Recommended Threshold. Note ï the NC Standard is based on the North 

Carolina Surface Water Quality Standard for Class B Water (non-trout, Piedmont stream). Significant variations were noted in 

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

temperature, pH, and turbidity exhibited a positive trend, complemented by water flow below Lake Crabtree, the presence of dense 

forest, and the effluents from Wake Stoneôs quarry and North Cary Wastewater Treatment Plants. Conversely, Specific Conductivity, 

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 turbidity. To better illustrate the comparison, 

variations among different sites are presented using boxplots. Results are summarized below, 

 

      

 

    

 

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 data. The trend in water quality observed in 

the field data plots matches the results obtained from the ambient analysis. The median dissolved 

Dissolved Oxygen pH 

Specific Conductivity Turbidity 
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oxygen, pH, and specific conductivity values at the downstream (below the quarry) site are 

greater than the upstream point, while higher turbidity results are observed at the upstream point 

(above the quarry). Most measured parameter values fit the North Carolina (NC) surface water 

quality standard for class B water, except for one instance of elevated conductivity, reaching 236 

µS/cm, and one instance of elevated turbidity, reaching 55 NTU, observed upstream. 

Nonetheless, the measured values at Crabtree Creek resulted in higher pollution than the Reedy 

Creek control site, where the creekôs watershed receives less disturbance and runoff from human 

activities. The dissolved oxygen, turbidity, and specific conductivity results are more favorable 

at the Reedy Creek location, the control site. Considering the field data, it appears that streams 

characterized by significant human-induced 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 

Parameter Location Site ID 

Summary Statistics 
NC 

Standard 
Median Mean SD Min  Max 

Dissolved 

Oxygen 

(mg/l) 

Upstream S 003 13.1 13.3 2.6 10.7 16 <= 5.0 

Downstream S 001 13.7 13.2 1.6 10.4 14.6 

Control S 002 16.7 15.4 2.7 11 17.6 

Specific 

Conductance 

(mS/cm) 

Upstream S 003 103.2 138.5 85.8 75.9 236.3 0 - 200 

Downstream S 001 117.5 126.6 52.6 68.3 193.9 

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 

(NTU) 

Upstream S 003 36 33.6 14.7 17.9 47  <= 50 

Downstream S 001 34 35.6 16.2 15 55 

Control S 002 15.8 18.1 11.9 2.9 34 

 

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

Class B Water (non-trout, Piedmont stream).  

 

4.3 Visual and Photograph Survey 

Rainfall rates at NC-WK-328, a precipitation measurement station monitored by the 

Community Collaborative Rain, Hail, and Snow Network near the sampling points, were 

recorded for the field day and the three days prior. The highest rainfall was observed during the 

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

days on any trips.  

Although the two seasonal channels, one from the Williams B. Umstead 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 Park (Figure 51). Water discharge from the 

quarryôs channel was observed on all trips. However, in all visual surveys, the water is less 

turbid than Crabtree Creek at the discharge point. In contrast, effluent discharge from the North 

Cary Wastewater Treatment Plan significantly contributes to the watercolor changes downstream 

of the discharge point. The wastewater from the treatment plant was observed on all three trips 

and had a tannic black color and heavy foam on the surface.  

 

       

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

Note½There is no significant water flow at the channel from the Umstead State Park during the 

entire assessment period. 

 

20/12/2023 1/17/2024 2/14/2024 2/28/2024 
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Source: Field Data Collection (2/28/2024) 

Figure 52 Photographs of Discharge Water (left ï discharge point at Crabtree Creek, right ï 

discharge channel) from Wake Stoneôs Quarry. 

Note½Wake Stoneôs Effluent is indistinguishable from Crabtree Creek and less turbid than the 

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. 

Note½The discharged water has a tannic black color and pungent smell, and Crabtree Creekôs 

watercolor changes downstream due to the effluent. 



 79 

4.4 Summary of Findings and Relevancy with Other Studies 

The studyôs water quality analysis results highlighted significant differences in turbidity, 

water temperature, dissolved oxygen, specific conductance, hardness, and total solids 

concentration between the upstream (above the quarry) and the downstream sites (below the 

quarry). Dissolved oxygen, pH, temperature, and turbidity levels improve as the water flows 

downstream from the upstream station. The observed enhancement in these parameters is likely 

caused by the water flow in Crabtree Creek below Lake Crabtree, the continuous presence of 

riparian forests and vegetation along the creek's banks, and the effluents flowing from the North 

Cary Wastewater Treatment Plant and the mining operations by Wake Stone. 

 In contrast, the discharges negatively affect the conductivity, hardness, and total solids 

concentration. Elevated levels of these parameters are probably associated with the discharge of 

nutrients and minerals that do not significantly alter water turbidity. Additionally, an 

increasement in concentrations in these parameters was observed after 1984, which coincided 

with the establishment of the North Cary Wastewater Treatment Plant. Field survey data 

indicated the same trend as in ambient data analysis, implying that the case has been persistent 

since 1984.  

Heavy metal analysis revealed that copper and zinc were present, but the mean and 

median concentrations were slightly higher at the upstream point, implying 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.   

Regarding compliance with the water quality standard, the turbidity at the upstream site 

shows several exceedances above the critical threshold of 50 NTU. Consequently, this condition 
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leads to lessening the DO concentration at this point. The diminished trend for DO continues 

throughout the assessed period, occasionally reaching below the established minimum level of 5 

mg/l. Specific conductivity levels are also elevating, and exceedances are observed in almost all 

years during the study period. Although a specific standard for conductivity for North Carolina is 

not available, the conductivity levels are far above the EPA recommended range of 0-200 

mS/cm. Despite some drops below the minimum level of 6, most pH measured values remain 

within the regulated interval of 6-9. Water temperature exhibits a stable trend with no 

exceedance above the prescribed level of 32C̄ for non-trout Piedmont streams.  

Several studies reported different parameter changes due to quarrying in various regions 

(Table 7). The most common problematic 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 al., 2014 India pH, Conductivity, TDS, Hardness, 

Alkalinity, Ca and SO42- 

3 Bhattacharjee et al., 2018. India pH 

4 Manzoori & Khan 2020 India pH, Turbidity, TDS, Total Alkalinity 

5 Bakamwesiga et al., 2022 Uganda Nitrates, Cr, pH 

6 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 Eruke et al., 2021 Southeastern 

Nigeria 

Turbidity, Fe, Mn,  

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 wastewater (Chima et al., 2010; Devi, 2015; Miliġa et al., 2010). The effluent 

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 heat into the aquatic environment (Kalu & Ogbonna, 

2021; Manzoor & Khan, 2020). On the other hand, Devi (2015) reported that when there is a 

disturbance of turbidity, the use of DO as an indication of pollution becomes more applicable as 

the photosynthesis by aquatic plants tends to decrease, resulting in a low DO concentration.  

The present studyôs pH result supports the findings from several studies that noted 

significant changes in the pH level of streams (Devi, 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 decrease in pH (more 

acidic) due to quarrying. The author posited that the decline in pH levels within the stream 

primarily stems from the bioactivity of plants and the acidic discharge from the quarry activities. 

The findings from the present study provide a trend (i.e., improvement) that supports the 

claims of the studies mentioned above. However, instead of noting turbidity, DO, and 

temperature as problematic parameters, the present study observed improvement as the effluent 



 82 

from the treatment plant and the quarry possess higher water clarity. The diversion of Crabtree 

Creek from Lake Crabtree and the presence of riparian forests decreases the water temperature. 

Nonetheless, the alteration of conductivity, hardness, and total solids into an increased amount 

aligns with the findings from Chima et al., (2010) and Lamare, (2014). Rock blasting, crushing, 

washing of crushed stones, and transportation add more solid particles, either in dissolved or 

soluble form, to increase the electrical capacity and water hardness through salinity. However, in 

contrast to the present studyôs results of decreased turbidity, Chima et al. (2010) investigated 

elevated turbidity levels ranging from 9 NTU at the undisturbed site to 89 NTU at the quarry-

impacted site. This discrepancy likely underscores the influence of dissolved ions and heavy 

metals, which may or may not contribute to changes in turbidity levels. 

Several articles indicate heavy metals ð Cd, Mn, Fe, Cu, Ar, Ni, Pb, Cr, and Fð as 

problematic pollutants in water resources resulting from quarrying activities (Al Mamun et al., 

2019; Chima et al., 2010; J. G. Kim et al., 2007; Okunlola et al., 2016).  Studies noticed one or 

more heavy metals in samples collected from water bodies near the quarry mining areas. 

Quarrying usually accompanies the discharge of heavy metals into receiving streams. The 

concentration of heavy metals in the water bodies harms the food chain and the life of aquatic 

organisms. Metals can gather in the aquatic plant and animal tissues, making them or the species 

that rely on them poisonous (Kalu & Ogbonna, 2021). These studies also noted oil, lubricants, 

and kerosene leakage, indicating the requirement for systematic and careful management. Fe, 

Cu, and Zn were also analyzed in the present study. Due to limited data availability, the study 

could not conduct heavy metal analyses except for iron, copper, and zinc. In contrast to previous 

studies, the Fe, Cu, and Zn analysis resulted in no significant variation in the upstream and 

downstream sites. Therefore, this study concludes that some heavy metals in the discharges from 
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the water treatment plant and Wake Stoneôs quarry may increase the conductivity, hardness, and 

number of total solids of 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 facilities. Wastewater treatment plants are essential to 

eliminate pollutants from municipal areas, and the by-product effluents are usually discharged 

into surface or groundwater and reused for residential water supply. The volume of effluent 

discharge is critical in evaluating the effects of treatment plants. For instance, the effluent can 

contribute up to 70% of stream flow during low-flow periods in South Carolina (Carey & 

Migliaccio, 2009). Higher negative impacts on conductivity (Agoro et al., 2018; Andrade-Muñoz 

et al., 2023;; Prat et al., 2013), DO (Birge et al., 1989; Boyle & Fraleigh, 2003; Matamoros & 

Rodríguez, 2017; Olabode et al., 2020), pH (Chen et al., 2009; Matamoros & Rodríguez, 2017, 

2017), temperature (Birge et al., 1989; Boyle & Fraleigh, 2003; Canobbio et al., 2009; Kinouchi 

et al., 2007), turbidity (Gafny et al., 2000), and heavy metals (Kara et al., 2017; Munz et al., 

2017) were reported. Although municipal wastewater treatment technologies have improved, the 

increased use of chemical products in todayôs society poses concerns about the efficiency of 

treatment facilities (Noguera-Oviedo & Aga, 2016). The present studyôs findings would 

probably support the claim of detrimental impacts on conductivity while it resulted in favorable 

conditions for DO, pH, temperature, and turbidity.  

The alteration of conductivity, total solids, and hardness levels between the upstream 

(above the quarry) and downstream (below the quarry) sites will threaten aquatic life. Since the 

salinity was not detected½only one detection during the assessed period, the elevated 

conductivity downstream is 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 matter, which affects aquatic life's well-being. Some ions 

carried by water with high total solids are used to settle at the bottom of steams, producing 

toxicity in aquatic animals through bioaccumulation. On the other hand, discharge from mining 

and wastewater treatment plants can introduce increased water hardness. Accumulated hardness 

will limit the availability of other essential nutrient components, such as phosphorous and 

potassium, and aquatic species' growth. Moreover, 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 

differentiate the magnitude of each dischargerôs contribution to the water quality problem in 

Crabtree Creek. However, the study suggests that the elevated level of specific conductivity, 

total solids, and hardness at the downstream site is associated with the discharge from the Wake 

Stone Quarry and the North Cary Wastewater Treatment Plant. Although hardness and total 

solids were not measured during the field trip, the field water quality results revealed the same 

trend with higher specific conductivity at 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 floods. Different stakeholders implemented several recreational 

projects along the creek. 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 2024. Opponents of the project expressed their concerns 

regarding the air, water, natural landscape, traffic, and recreational benefits of the William B. 

Umstead State Park. Due to the possibility of water quality impacts from Wake Stoneôs quarry, 

the present study aims to assess the creek's water quality and evaluate the existing quarry's 

potential contribution. The analysis assumes that there will be a significant difference in water 

parameter values between the upstream (above the quarry) and downstream (below the quarry) 

points if the quarry discharges pollutants. However, another major discharge channel from the 

North Cary Wastewater Treatment Plant occurred below the upstream ambient site. Therefore, 

the study reviewed the NPDES permit compliance status of the plant and the quarry. Water 

quality data from the two ambient monitoring sites (upstream and downstream of the quarry) 

were analyzed using a paired t-test in R software for the 1982 to 1995 period. Since the 

downstream site was relocated to another location after 1995 and other tributaries are present 

between the original and relocated sites, the current studyôs analysis did not include 

measurements from 1996 to 2022 in the analysis. Field measurements were also conducted at 

three sampling sites: upstream, downstream, and control, and results were illustrated with 

descriptive statistical graphs using R software. 
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5.1 Estimating the Hardness, Total Solids and Conductivity Causes 

In the context of the findings mentioned above, this study systematically examined and 

deliberated upon two potential factors contributing to observed phenomena: natural weathering 

processes of rocks and the discharge of wastewater originating from the North Cary Wastewater 

Treatment Plant and the Wake Stoneôs Quarry. 

5.1.1 Weathering of Rocks between Upstream and Midstream Stations 

According to National Geographic, ñWeathering is a process of breaking down or 

dissolving rocks and minerals on the surface of the Earth.ò. Weathering can introduce more 

cations and alkalinity to the surface water, leading to an alternation in water chemistry (Schnoor 

& Stumm, 1986).  

According to the bedrock formation rock of the proposed study area (see Figure 6 in 

section 3.1.2), the area primarily consists of Reedy Creek metagranodiorite (PzZrg), Big Lake-

Raven Rock schist (CZbr1), and Sycamore Lake greenstone (CZsg) (Wake County, 2018). 

Reedy Creek metagranodiorite is an igneous rock resulting from rock metamorphism (Taylor, 

2022) and is primarily composed of feldspar, quartz, and some mafic minerals (Rhea, 2022). It 

mainly occurs on the eastern side of the quarry. Generally, granodiorite rocks possess moderate 

hardness and are weather-resistant (MAT, 2018). The Big Lake-Raven Rock is between the 

Reedy Creek metagranodiorite and the Sycamore Lake greenstone. This metamorphosed 

mudstone is characterized by platy minerals, including biotite, muscovite, talc, and chlorite, 

along with minor quantities of quartz and feldspar. The Big Lake-Raven Rocks are moderately 

resistant to weathering (Lo et al., 2017). Conversely, the Sycamore Lake greenstone exhibits 

dark color and fine-grained texture, indicating extrusive or metamorphosed mafic volcanic 
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origins. Greenstones are known for their increased susceptibility to chemical weathering, 

primarily due to the presence of minerals such as chlorite and actinolite, which suffer alteration 

to form clay minerals in water bodies (The LibreTexts libraries, 2023). 

The gradual weathering of these three rock types tends to increase the heavy metals 

(Rashid et al., 2023), hardness, and total solids (DiVenere, 2017) by releasing clay minerals, 

soluble silica, and metal cations. However, the natural weathering process is usually incremental, 

and one should expect a gradual change in water parameters. On the other hand, the Wake 

Stoneôs mining activities mainly occur on Reedy Creek metagranodiorite (PzZrg) and Big Lake-

Raven Rock schist (CZbr1) (Taylor, 2022), and sediment discharge from the mining will 

increase heavy metal, hardness, and total solids.  

5.1.2 Wastewater Discharges 

NPDES permits require dischargers to maintain favorable water quality in the receiving 

water bodies to avoid pollution (US EPA, 2014). The permit contains standard limits on daily 

discharge and monitoring and reporting of discharge water quality. 

Between the upstream and downstream ambient sites, there is one major discharge from 

North Cary Wastewater Treatment Plant and another minor discharge from Wake Stoneôs 

Quarry. The former holds an NPDES permit of 12 MGD (million gallons per day) and is one of 

the major dischargers in the Neuse River Basin (Neuse River Basin Ambient Monitoring System 

Report, 2012; Town of Cary, n.d.). On the other hand, Wake Stone is a non-major 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 permit compliance is also crucial in identifying the causes of water parameter 

changes in Crabtree Creek. Since the start of the studyôs assessment period, several permit 

violations from the treatment plant have been highlighted in different Neuse River basin reports, 

and most violations are related to toxicity, including nutrients and Biochemical Oxygen Demand 

(BOD) (Neuse River Basinwide Water Quality Plan, 1998; Neuse River Basinwide Water 

Quality Plan, 2002; North Carolina Division of Water Quality, 2012; USEPA, n.d.-b). 
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Figure 55 Map of Wake Stoneôs Wastewater Treatment Facility. 

 

In contrast, no permit violation was observed for Wake Stoneôs permit (Bill, 2019; 

USEPA, n.d.-a). No parameter exceedances have been reported as of 2019. Wake Stone has been 

adopting a closed-loop system, which ensures the washed water flows into the settling ponds, 

settles out the sediment, and is transported into the process water reservoir (Bill, 2019; Wake 

Stone, n.d.). The settled water is then reused in mining operations. The only discharge into the 

creek is dewatering during operation. However, a photo of the Wake Stoneôs channel taken on 

22 July 2018, discharging water with sediment deposits into the creek (Figure 58), was released 

on the RDU forest page organized by Umstead Coalition members.  
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Source: Left - RDU Forest 2020, Right ï Personal field trip, February 28th, 2024 

Figure 56 Comparison of Effluent from Wake Stone's Quarry in 2018 (left) and 2024 (right). 

 

The conservation group claimed that the quarryôs discharge affects water quality. A 

review of precipitation data shows 0.54 in precipitation on the photo taken day and 0.04 in on the 

day before (CoCoRaHS, n.d.). The Department of Park and Recreation reported a complaint 

regarding this occurrence (NC DNCR, 2020). The Wake Stoneôs detailed facility report on the 

EPA website did not present any turbidity standard exceedance for 2018. This is probably due to 

the periodic sampling allowed by the NPDES permit standard conditions (USEPA, 2015) and the 

rarity of similar cases.  
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CHAPTER 6: CONCLUSION AND RECOMMENDATION  

 

The quarrying industry is significant in fostering infrastructure development and 

contributing to a region's economic prosperity by generating employment opportunities for local 

communities. However, it is necessary to consider the potential detrimental impacts of the 

industry, primarily attributed to water quality degradation, fragmentation of wildlife habitats, soil 

pollution, and diminishing recreational and socio-ecological well-being of the nearby 

communities. 

In Wake County, concerns about the negative impacts of the Triangle Quarry Expansion 

Project have been continuing. Some conservation groups, including the Umstead Coalition, have 

worked to stop the proposed expansion project. Due to limited studies of the impacts of 

quarrying in Wake County and North Carolina, which fail to give a reasonable answer for 

disagreements among stakeholders, this study investigated the potential influences of existing 

rock quarries near the RDU Airport by using historical and field water quality data to determine 

the possible contributions of the existing quarry operations to Crabtree Creekôs water quality 

degradation. 

Results from the study indicate significantly improved quality in turbidity, water 

temperature, pH, and dissolved oxygen at the downstream sites (below the quarry). Effluent from 

the North Cary Wastewater Treatment Plant and Wake Stoneôs Triangle Quarry contributes to 

decreased turbidity in Crabtree Creek. The quality of water temperature, dissolved oxygen, and 

pH level were increased due to improved clarity, the flowing condition of water in Crabtree 

Creek, and the presence of forest vegetation. However, the discharged wastewater from both 

facilities accelerates the specific conductivity, hardness, and total solids concentrations, affecting 
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the growth, nutrient availability, outbreak of fish diseases, and toxicity of the aquatic 

environment in Crabtree Creek.  

Due to limited time and financial constraints, the present did not investigate the 

magnitude of the contribution from Wake Stoneôs quarry and the North Cary Wastewater 

Treatment Plant. Moreover, this study did not cover the potential impacts of the proposed 

expansion area. Differentiating the contribution between the two facilities will require an 

elemental analysis of potential water quality parameters, providing an excellent opportunity for 

further detailed assessment. Sample collections should be conducted yearly at points below each 

facilityôs effluent to represent the current trends and changes.  Regarding the Triangle Quarry, 

in-depth studies should also be carried out for other impact sectors such as air quality, forest, 

traffic, noise, and recreational benefits. Efficiency evaluation should consider all the tangible and 

intangible costs and the benefit branches (i.e., not only the supply of aggregates and profits but 

also the economic consequences, job opportunities, etc.). The efficiency of a development 

project is mainly based on inclusive evaluation of cost and benefits, which can be achieved 

through systematic studies. For instance, Ozcelik (2022) compared the advantages and 

disadvantages of aggregate production and suggested the relocation of a quarry in 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 close-loop wastewater system that recycles washed 

water and reuses it for future processing. As of 2024, the company fully complies with the state 
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NPDES permit for dewatering the quarry pit. However, it would be more efficient to ensure that 

the dewatered discharges remain under the regulated water quality standard (refer to the case in 

section 5.1.2). To ensure that the dewatered discharges are discharged properly, the company 

should adopt the following practices:  

1. Increasing the effluent sampling frequency½The 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 October 1 to December 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 practices (EPA, 1974)½The 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 overloading of municipal sewage and other wastewater can lead to 

insufficiencies in the treatment process, resulting in a gradual degradation of the discharged 

water quality over time. Therefore, many wastewater operators instantly try to adopt advanced 

technologies for improved efficiency (Green, 2018). To better protect Crabtree Creek and its 

aquatic environment, the plant should, 

1. Keep up with the advanced treatment technologies½The current treatment method 

adopted at the NCWWTP is part of the latest technology for the nutrient removal (US 
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EPA, 2013). Facilities should adopt advanced treatment technologies whenever they 

are accessible and feasible. 

2. Increase water quality monitoring in Crabtree Creek½. Monitoring water quality in 

effluent-fed streams is essential for protecting water bodies and aquatic 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 effluent-fed streams should be carried out. Moreover, the plant 

should also initiate an adequate water study of Crabtree Creek, reflecting on the plant's 

discharge.  
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