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ABSTRACT
Michael, Jeremy A. Goose Creek Watershed On-Site Wastewater System (Septic System)
Failure Rate Analysis. (Under the direction of Linda Taylor).
The Goose Creek Watershed located in Mecklenburg County, North Carolina is home to
the federally endangered Carolina heelsplitter mussel which is sensitive to many pollutants
commonly found in municipal and industrial wastewater releases. On-site wastewater systems
were evaluated within the Goose Creek Watershed from April 2009 through April 2011 to
determine if any failing on-site wastewater systems could have had a significant impact on high
fecal coliform counts found in the tributaries. This project considered how the following criteria
could contribute to on-site wastewater system performance: system design, age of system,
seasonal impacts, operation and maintenance, and siting location.
On-site wastewater failures were found at 12 out of 1,422 sites inspected, with a failure
rate of 0.84%. This failure rate is considerably lower than other failure rate studies conducted in
North Carolina and abroad. Only three of the twelve failures were located within 400ft of any
surface water indicating a minimal impact on-site wastewater failures may have contributed to
the high fecal coliform counts throughout the watershed. Age and excessive water usage from
leaks or too many people living in the residence was a major contributing factor to more than
half of the failures observed. On-site wastewater systems that were sited based on the soil type,
operated per design, and maintained routinely had lower impacts on failures. This may be
attributed to Mecklenburg County having a licensed soil scientist on staff, along with conducting
routine public management entity (PME) inspections. There was a higher failure rate observed
in the wet season as opposed to the dry season. Further investigation is needed to determine
other potential sources of fecal coliform found in the tributaries throughout the watershed.
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INTRODUCTION
On-site wastewater systems (also called septic systems) have been used effectively in
treating sewage for many years. Approximately 21% of American homes are served by on-site
wastewater systems and 95% of these are septic systems (USCDC, 2009). Over 50% of
households across North Carolina use onsite wastewater systems with new systems being
installed at a rate of 40,000 per year (Hoover and Konsler, 2004). However, there have not been
many studies conducted on the lifespan, failure rates, and survival ability of on-site wastewater
systems across the State. Other studies that have been conducted within North Carolina by
standard practice have taken two different approaches in carrying out an on-site wastewater
system failure analysis. One is drawing random on-site wastewater system permits from the
local health department and studying a broad area, while the other is to zero in on a particular
area and conduct a blanket or enforcement survey (Hoover, 2011). Both of these methods, while
different, offer valuable data to be used in the future of on-site wastewater system designs,
technology, and maintenance.
On-site wastewater system failures are important to remediate due to the potential health
concerns to humans, wildlife, and the environment. Sewage that has surfaced to the ground can
contain many harmful bacteria and pathogens that could cause disease such as dysentery,
hepatitis, typhoid fever, and acute gastrointestinal illness if exposure to humans occurs (Mass
DEP, n.d.). Nutrients in untreated sewage, particularly nitrates, nitrites, and phosphorous if in
excess can cause nutrient overload also known as eutrophication to occur in surface waters.
The Goose Creek Watershed is comprised of 42 square miles in Union and Mecklenburg
counties and is also home to the Carolina heelsplitter mussel which was added to the federal
endangered species list in 1993. Due to elevated bacteria levels, the N.C. Department of
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Environment and Natural Resources (DENR) indentified Goose Creek as being impaired.
Management rules were developed and approved by DENR to protect the water quality and
habitat needed to recover and sustain the Carolina heelsplitter mussel.
In order to comply with the state rules, the Town of Mint Hill and Mecklenburg County
established a Water Quality Recovery Plan (WQRP) with the goal to identify and remove
sources of fecal coliform in the watershed. The WQRP specified that fecal coliforms shall not
exceed a geometric mean of 200/100 ml (membrane filter count) based upon at least five
consecutive samples examined during any 30-day period, nor exceed 400/100 ml in more than 20
percent of the samples examined during such period (Mecklenburg County Storm Water
Services, 2009). Samples collected in different locations throughout the watershed were found
to have fecal coliform results higher than what the WQRP specified. Results from one specific
sampling point had a median of 960 CFU/100ml and a mean of 1,162 CFU/100ml out of 21 fecal
coliform samples collected.
Mecklenburg County Storm Water Services conducted field surveys, stream walks, and
identified all storm water outfalls, in addition to sampling, and these efforts have not been
successful in identifying sources of fecal coliform. During stream walks, environmental
specialist would look for leaking sewer laterals that crossed creeks along with overflowing sewer
access risers that were adjacent to creeks. On-site wastewater systems were the most likely
source of fecal coliform contamination that had not been evaluated. Approximately 54% of the
residences located within the Goose Creek Watershed are served by on-site wastewater systems.
The purpose of this study was to identify all failing on-site wastewater systems in the Goose
Creek Watershed within Mecklenburg County and determine if the onsite wastewater systems
are a significant contributor to high fecal coliform contamination in the tributaries.
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Investigating all on-site wastewater systems within a specific location provided the
opportunity to identify failing systems, repair the systems, and evaluate on-site wastewater
system performance under a variety of real-life operating conditions. In addition, the
performance and longevity of different on-site wastewater system types (i.e. conventional,
approved, low pressure pump panel block systems, drip irrigation etc.) could be evaluated. Onsite wastewater systems that are identified as failing would be further investigated as to the
reason why the failure occurred. The results from this study will provide Groundwater and
Wastewater Services of Mecklenburg County with a snap shot of how well on-site wastewater
systems are performing within the county and to determine if they have a significant impact on
surface water quality of Goose Creek.
METHODS AND MATERIALS
Study Area
Mecklenburg County is located in the southwest portion of the Piedmont area of North
Carolina. The Goose Creek Watershed includes the Goose Creek and Duck Creek subbasins both
located in the southeast portion of Mecklenburg County and is within the city limits of Mint Hill
(Appendix 1). Although the majority of the Goose Creek Watershed is in Union County, the onsite wastewater system survey only included the portion in Mecklenburg County where the
headwaters for the watershed originate. The estimated acres and percentage of the Goose Creek
subbasin located in Mint Hill is 4,938 acres (18.1%) and 2,354 acres (8.6%) of the Duck Creek
subbasin which together is a total of 7,292 acres (26.7%) of the Goose Creek watershed located
in Mecklenburg County that was surveyed (NCWRC and NCHP, 2005).
Cecil soils occur most often in Mecklenburg County and in the Goose Creek Watershed
on gently sloping to strongly sloping topography, and make up about 41percent of the counties
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soils. Cecil soils are well drained soils that have predominantly clayey subsoil and are formed in
residuum from acid igneous and metamorphic rock. Soils in the Goose Creek Watershed were
predominantly mapped as CeD2- Cecil sandy loam, 8 to 15 percent slopes, eroded, and CeB2Cecil sandy clay loam, 2 to 8 percent slopes, eroded (McCachren, 1977). Typically on an auger
boring 48 inches deep, the surface layer is sandy clay loam to about 6 inches with the majority of
the subsoil consisting of clay and clay loam texture towards the bottom of the boring. According
to the NC Regulations for Sewage Treatment and Disposal systems these soils are considered to
be Group IV- clayey texture soils, and are classified as provisionally suitable with respect to soil
texture (NCDENR, 2000).
Study Design
The study area for this project includes all parcels that are served by on-site wastewater
systems within the Goose Creek Watershed in Mecklenburg County. All parcels connected to
municipal sewer were not included in this study although existing sewer laterals could be a
potential source of fecal coliform contamination. Goose Creek Watershed is subdivided into 14
separate catchment basins and the study was carried out one catchment basin at a time. Factors
used to determine the order (priority) that on-site wastewater systems were inspected were as
follows: 1. Catchment basin (14 total), 2. Proximity to stream (200 ft. buffer), 3. Age of on-site
wastewater system (estimated from CAMA development data). Catchment basins were
prioritized from 1 to 14 by the Water Quality (WQ) program and provided to Groundwater &
Wastewater Services (GWS). Groundwater and Wastewater Services then develop an inspection
schedule for each catchment based on the following matrix:
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Tier
1
2
3
4
5

Proximity to stream
<= 200 ft.
<= 200 ft.
> 200 ft.
> 200 ft.
> 200 ft.

Septic System Age (yrs.)
29+ (Pre-1980)
0-28 (1981-2009)
29+ (Pre-1980)
14-28 (1980-1995)
0-13 (1996-2009)

There were a total of 2,740 parcels in all 14 catchment basins within the Goose Creek
Watershed. In Mecklenburg County forty three percent (1,187 parcels) of the total number of
parcels were vacant or served by municipal sewer. This was determined by looking at sewer
lateral maps, knowledge of known subdivisions on municipal sewer, and aerial photography.
Because the catchment basins parcels were computer generated there were 73 parcels that were
picked twice on two separate catchment basins where they may have fell on the line separating
the catchments. In these instances these parcels were accounted for and only evaluated one time.
Therefore there were 1,480 on-site wastewater systems within the Goose Creek Watershed to
investigate.
Unlike some previous studies on failure rate analysis in North Carolina, this study was
conducted over a longer period of time, beginning in April 2009 and completing in April, 2011.
Most failure rate analysis assessments are performed during a short amount of time or days to
minimize potential impacts (and biases in the results) due to variation in soil moisture status
and/or precipitation for different parts of the study sample (Hoover, Lynn et al. 2005).
Generally, because groundwater recharge is more substantial during the wet season (spring),
failure rates are more likely to occur. However, an important component of this study was to
eliminate any and all sources of fecal coliform that may be coming from parcels served by onsite wastewater systems. Although failure rates may be greater during one season over another,
5

there is beneficial information that can be obtained from inspecting on-site wastewater systems
over all seasons of the year and with varying hydraulic conditions. After all, on-site wastewater
systems are in use year round and groundwater recharge is only one variable among many that
may contribute to on-site wastewater system failures.
Methodologies used in conducting the study in the Goose Creek Watershed included a
notification, inspection, and education carried out by an inspection form and an educational
information pamphlet (see appendix 2 and 3). In addition, if on-site wastewater systems were
observed failing at the time of inspection, a home owner interview form was used to diagnose the
problem. All participants in the study were notified through a letter that was mailed out before a
site visit was made to inspect the on-site wastewater system. Information detailing the purpose
of the on-site wastewater system inspections was included in the letter, but it did not give a
specific time when the inspections would be conducted. Others studies avoid sending out letters
prior to an inspection to prohibit home owners from getting illegal (non- permitted) repairs
installed. Some homeowners did have their septic tanks pumped prior to the inspection, but this
rarely fixes a failing septic system and is not considered a repair. In addition, there were no
illegal repairs reported or found on any of the parcels inspected during the course of this study.
The letter was sent out prior to an inspection to notify the homeowner that the inspection
would be taking place and give them an opportunity to respond if they refused the inspection or
had additional information. If no response came back and the homeowner was not present at the
time of inspection, the inspector could legally walk around the premises and evaluate the on-site
wastewater system. In addition, this was an opportunity for homeowners to call the office and
set up a time for an inspection, allowing inspectors to gain access to properties that had locked
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gates and dogs. However, if there was a fence or gate that was closed and the on-site wastewater
system was not visible at the time of the inspection, than the site was classified as inaccessible.
Any site where the homeowner refused to allow an inspection was also deemed
inaccessible and these sites were turned over to the Mecklenburg County Water Quality
Department for further evaluation. Most cases of inaccessibility were from locked gates or tall
fences around the septic field and not homeowner refusal. Of the 1,480 on-site wastewater
systems in the watershed, only 58 (3.92%) were inaccessible. Moreover, there were only 419
sites out of the 1,480 where the homeowner was present for the inspection thus reiterating the
need for the letter to be mailed out so inspectors could legally walk around the premises to
conduct the inspection.
Preparations for the Field Survey
There were a total of six inspectors within Groundwater and Wastewater Services to
conduct the study. All inspectors were Registered Environmental Health Specialist with the
State of North Carolina and authorized in on-site wastewater. Inspections were spread out
among each inspector with the number of inspections varying depending on the catchment.
When the inspections were sent out to the inspectors, there was a deadline date to have them
completed. This deadline varied depending on the number of inspections to complete but was
usually quarterly. Each inspector conducted their inspections at their own pace working in
between their regular assigned job duties. Prior to going out to each lot, the inspector would
search the county database to see if there was an existing permit on the property showing where
the septic system was located and to identify what type of aggregate was used in the nitrification
field.
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The inspectors were equipped with an information pamphlet, and a carbon copy
inspection form.

Inspectors would knock on the door and if the homeowner was present, they

would announce themselves and educate them on why their septic system was being inspected
along with handing the homeowner an information pamphlet on the Goose Creek Watershed and
the Carolina heelsplitter (appendix 3). If the homeowner consented, the inspector would probe
the nitrification field and determine the type of onsite wastewater system. For any innovative or
accepted system, each inspector had a permit on hand to confirm the system type. The age of the
system was determined by the operation permit date on file with the Mecklenburg County Health
Department. The age for systems where no operation permit was found was determined by the
date the house was built found through Mecklenburg County online geographical POLARIS
system. Most of the older systems where a permit could not be found were determined to be
gravel systems. Observations were made to determine if there were trees in the nitrification field
area, irrigation systems, or wells on the property. All information was recorded on the
inspections survey form (appendix 2).
Failure Definition
A failure described in the Laws and Rules For Sewage Treatment, And Disposal Systems
(1900 Rules) is (1) a discharge of sewage or effluent to the surface of the ground, the surface
waters, or directly into groundwater at any time; or (2) a back-up of sewage or effluent into the
facility, building drains, collection system, or freeboard volume of the tanks; or (3) a free liquid
surface within three inches of finished grade over the nitrification trench for two or more
observations made not less than 24 hours apart. Observations shall be made greater than 24
hours after a rainfall event (NCDENR, 2000).
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For the purpose of this study the failure definition was limited to (1) a discharge of
sewage to the surface of the grounds or (2) a straight pipe to the land surface, or (3) when a
nitrification line was probed the sewage surfaced to the ground. If one of these observations
were made at the time of the inspection, the system was documented as failing and a notice of
violation was mailed to the homeowner.
Data Collection
For every on-site wastewater system inspection performed, a work order was created in
City Works Server. City Works is a computer program used by Mecklenburg County that can be
used to geospatially register on-site wastewater systems and wells. If a site had an on-site
wastewater system or well on the property, the inspector would register the on-site wastewater
system or well in the database and a separate point would show up on a map indicating there was
an on-site wastewater system or well. For every on-site wastewater system registered, a work
order was created and information was entered into the computer program summarizing the
findings of the survey.
RESULTS AND DISCUSSION
On-site wastewater failures were observed at 12 out of 1,422 sites inspected, with a
failure rate of 0.84% over the course of the survey. Hydraulic field assessments of conventional
and alternative technologies have been conducted over the last 25 years that identified system
failure rates ranging from less than 5% to almost 50% (Hoover, 2011). This failure rate
percentage was lower than other low end failure rates found in other studies (Hoover et al. 2007)
which found a 9.7% failure rate in Wake County, and less than 5% failure rate in a multi county
health district in eastern North Carolina (Lindbo et al, 1998).
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The study conducted in Wake County, North Carolina was different in nature taking
random on-site wastewater systems throughout Wake County and inspecting all on-site
wastewater systems during the wet season when hydraulic failures occur more often (Hoover et
al. 2007). The study that took place in the multi county health district in North Carolina (Lindbo
et at, 1998) was a separate assessment 5 years after a management entity was put into place from
a previous (Hoover et al. 1993) study that found a 12 to 16% failure rate in conventional
aggregate-laden and sand lined trench systems less than 5 years old (Hoover, 2011).
During the Goose Creek survey there were a total of 12 notices of violations issued. Out
of the 12 failures, there were only three considered to be high risk of fecal contamination to
tributaries in the Goose Creek Watershed. The three high risk sites occurred within a 400ft
buffer around creeks or surface waters (see appendix 1). Each on-site wastewater system that
was failing was further investigated as to the probable cause of the failure (see appendix 2).
Because the number of failing septic systems was so low, statistical analysis could not properly
be done however trends and observations could be made.
System Age Impacts
The average age of the on-site wastewater systems inspected in the Goose Creek
Watershed was 27.4 years old. The average age of the failing on-site wastewater systems in the
Goose Creek Watershed was 34 years old. There was not an operation permit on file for one onsite wastewater system that according to POLARIS the house was constructed100 years ago.
This number was thrown out because 100 years ago the residence more than likely used an
outhouse or privy and a record of the on-site wastewater installation could not be determined.
There was a significant correlation between increased age of the on-site wastewater system and
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percentage of on-site wastewater failure in the Goose Creek Watershed as opposed to a (Hoover
et al. 2007) Wake County study that found a 10% failure rate for newer systems matched about a
10% failure rate of older systems. All but one septic system failure found during this survey was
older than 20 years, with seven of the failures occurring between the ages of 30 and 38 years old
(see figure 1 and 2).
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Figure 1. Cumulative on-site wastewater system failure rate percentage vs. age of the system
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Figure 2. Individual on-site wastewater system failure rate percentage vs. age of the system

Although there were more on-site wastewater failures found with an age greater than 20
years, it must be noted that it does not necessarily indicate the failures were a direct result of age.
Water usage among other variables can contribute to an on-site wastewater failing regardless of
age. It is reasonable to conclude in this study, that if on-site wastewater systems are designed
and used properly they can be expected to last 30 years before they start to show age related
failures.
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Siting Impacts/ System Use Practices
Trees were located within the nitrification field on 398 (27.99%) sites, and irrigation was
installed within the nitrification field on 96 (6.75%) sites. Tree roots or biomat problems and
excessive watering over the nitrification field can contribute to failures of on-site wastewater
systems. Trees were observed in the nitrification field on 5 out of the 12 failures found. After a
more thorough investigation was conducted only 2 out of the 5 on-site wastewater system
failures found with trees in the nitrification field were caused by tree roots and/or biomat
problems. Biomat is a bacteria layer that forms along the bottom and sidewalls of a drainage
trench. As the on-site wastewater system ages and the biomat grow thicker it can reduce
infiltration rates to a point where ponding occurs. Two of the failures occurred due to
age/biomat clogging up the nitrification field. None of the on-site wastewater systems found
failing had irrigation systems over the nitrification field. A further study would be required to
determine if irrigation systems located within nitrification fields contribute to failure rates of onsite wastewater systems.
There was a strong correlation with increased failure and excessive water usage within
the majority of on-site wastewater systems found failing in this study. Half of the on-site
wastewater system failures that occurred were caused by excessive water usage. Out of the six
excessive water usage sites, three sites had more people living in the residence than the on-site
wastewater system was designed to support, and the other three had leaking toilets that were
continuously running.

In addition, there were two failures that occurred because the on-site

wastewater system was damaged or destroyed. One on-site wastewater system found failing had
a garage built over the nitrification field and the other site had a wash line that was straight piped
to the surface of the ground (see figure 3).
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Causes of Septic Failures
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Figure 3. Causes of on-site wastewater system failures in the Goose Creek Watershed

Soils were evaluated on failures that needed a repair permit to add additional nitrification
fields. There were no soil suitability issues on any of the sites that were failing. All sites that
needed a repair were given a long term acceptance rate (LTAR) of 0.3 GPD/FT2. A 0.3 LTAR is
a common upper limit loading rate given to Cecil type soils found in the Goose Creek
Watershed. However, in addition to soil properties, landscape position is taken into
consideration when assigning a LTAR. Similar to the (Hoover et al. 2007) study conducted in
Wake County in 2003, soil suitability not being a main contributing factor in on-site wastewater
system failures in this survey is attributed to the expertise of a licensed soil scientist evaluating
all soils within Mecklenburg County. Previous studies in North Carolina (Hoover and
Amoozegar 1989; Hoover et al. 1993) and in Pennsylvania (Hoover et al. 1981) have found
failure rates of 20% and greater where soil suitability did not match well with that recorded on
the system permit by the environmental specialist. As a result, septic systems were installed in
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soil conditions that did not have proper loading rates issued by environmental specialist (Hoover
et al. 2007).
Registered environmental health specialist do have the ability to evaluate soils in North
Carolina to permit on-site wastewater systems, however the only soils training is obtained from a
three week centralized intern training course in Raleigh and on the job experience.
Mecklenburg County has supported having a licensed soil scientist on staff and it is the author’s
opinion that this level of expertise has prevented on-site wastewater failures from occurring due
to systems being installed in properly characterized soils.
System Design/Maintenance Impacts
Conventional gravel on-site wastewater systems were most prevalent type of system used
in the Goose Creek Watershed with 1,046 (72%) inspected (Figure 4). Most of these were gravel
bed systems meaning the trench was greater than 3ft in width. Although all failures found were
conventional gravel systems, the failures were not attributed to system type alone but rater
excessive water usage and age related issues. There was no indication that system type had any
impact on the failure rate. Other studies have shown that lack of professional maintenance of
low-pressure pipe systems (LPP) can increase failure rates (NCDENR, 2011). In addition to
there being a low percentage of LPP and pump systems in this watershed, the overall low failure
rate could be contributed to the Public Management Entity (PME) program that is implemented
within Mecklenburg County.

15

Septic System Types in The Goose Creek
Watershed
Gravity Conventional

Gravity 25% Reduction

Pump 25% Reduction

Pump Conventional

LPP Panel

Gavity Panel

5% 3% <1%
9%
11%
72%

Figure 4. On-site wastewater system types in the Goose Creek Watershed.
The rules that govern onsite wastewater systems in North Carolina require that the Health
Department conduct PME inspections for LPP systems once every three years and single pump
systems once every five years. In reality very few counties across North Carolina conduct these
inspections due to limited staff and resources. There are benefits to inspecting systems with
mechanical features by identifying systems that are failing or may fail without maintenance, and
routinely educating the owners of these systems with information and a written report on their
on-site wastewater system inspection. There was no indication that on-site wastewater system
failures occurred more often based on the system type alone. Although there were a lower
percentage of pump and LPP systems inspected in the Goose Creek Watershed, it is the author’s
opinion that routine PME inspections, identifying maintenance issues, educating homeowners,
along with certified operator reviews of these systems contributed to a 0% failure rate on these
types of systems during the course of this study.
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Wet vs. Dry Season failures
The wet season in the Piedmont of North Carolina occurs in the springtime. Typically
there is more rainfall during the summer months but with higher temperatures along with
evaporation and transpiration, the subsoil is usually dryer during the summer than in the winter
and spring. Most short-term on-site wastewater failure rate studies are conducted in the wet
season when the hydraulic performance is most limited for on-site wastewater system and
hydraulic failure is most likely to occur. (NCDENR, 2011).
As expected, the wet season failure rate was higher than the dry season failure rate.
During the spring time antecedent soil moisture conditions are the wettest, rainfall is plentiful
and groundwater recharge is substantial (Hoover et al. 2007). Generally in November and
December, when most of the vegetation is dormant and the evaporative capacity of the air is low,
the groundwater levels begin to rise (LeGrand and Mundorff, 1952). Out of the 12 system
failures found, 7 were during the spring months of March through May. The other 5 system
failures were found during the winter months of November through February. There were no onsite wastewater failures found or reported over the summer months during the course of this
study. High dry season failure rates have been reported in another study (Hoover et al, 1981)
which found cumulative failure rates of 40-50% in Pennsylvania for undersized sand mound
systems that were less than 3 years old (NCDENR, 2011). In future studies, using monitoring
well groundwater level and drought data from the USGS and NC Division of Water Resources
could be useful to determine if seasonally high groundwater levels correlate to an increase in onsite wastewater failures.
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As mentioned previously, half of the on-site wastewater system failures found in this
study were due to excessive water usage. It is unknown if these systems were failing in the
summer months prior to the inspections that took place over the winter and spring months, or if
the wetter soil conditions during this time contributed to the failure of these systems. Further
study would be required to determine if excessive water usage failure rates fluctuated with wet
vs. dry seasons.
Surface Water Quality Impact
Aside from the on-site wastewater systems failure rate analysis, fecal coliform samples
were analyzed in several tributaries within the Goose Creek Watershed to determine if failing onsite wastewater systems contributed to higher fecal coliform counts in the creeks. There were
only three failing on-site wastewater systems found within 400ft of any stream within the
boundaries of this study. One specific area with a high number of on-site wastewater systems
within 200ft of a stream was further analyzed for fecal coliform counts after a on-site wastewater
system was found failing within 200ft of the creek. Samples had been taken before the failing
on-site wastewater system was found and after the on-site wastewater system was repaired.
A non-parametric statistical box and whisker plot analysis was used to determine if there
was a statistical significance in fecal coliform counts (CFU/100ml) before and after the on-site
wastewater system was repaired (See figure 5). The P value was .02 and anything below .05 is
considered to be statistically significant. The .02 p value indicates a 98% confidence level that
the data results were not based on error or random significance. However it must be noted that
there were 21 fecal samples collected prior to the failing on-site wastewater system being
repaired and only seven samples collected after the on-site wastewater system was repaired.
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Ideally it would have been better to collect additional samples after the on-site wastewater
system was repaired, but considering the downward trend in fecal counts along with the cost for
sampling, additional samples were not collected. The Water Quality Department had a DNA
analysis test performed on a bacteria sample collected to determine if it contained fecal coliform
from a human or animal. The results of the test came back with a high percentage that the fecal
coliform came from a human source. Further test were not done due to the high cost.
n
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Figure 5. Box and whisker plot on before and after fecal counts in the Goose Creek tributary
As illustrated in the diagram above, the median for fecal coliform counts before the onsite wastewater system was repaired was 960 CFU/100ml vs. 480 CFU/100ml after the on-site
wastewater system was repaired. The U.S. EPA (1975) reported on studies performed in
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Atlantic Beach and Surf City, North Carolina which showed high concentrations of fecal
coliforms in surface waters that were in close proximity to dense housing developments served
by on-site wastewater systems. It was observed that effluent from the on-site wastewater
systems reached surface waters by using dye tracers and dye was detected in surface water
within 4 to 60 hours respectively (Cardona, 1998).
There is a vast difference in soil texture between the Coastal Plain and Piedmont soils.
The soils in the Goose Creek Watershed are primarily of a clay texture as opposed to sand in the
coastal region. Crane and Moore (1983) reported that under unsaturated flow conditions
bacterial population could be reduced to up to 95% within the first 1-5 cm of soil and that clays
were more effective than sand in bacterial removal. Other conditions such as saturated
conditions, rainfall events, saturated conductivity, and low temperatures have been confirmed to
enhance bacterial survival (Cardona, 1998). Dye packs were given to homeowners that lived
along both sides of the Goose Creek Tributary that was sampled for fecal coliform. They were
asked to flush the dye pack down their toilet and afterwards a representative from Water Quality
would observe this section of Goose Creek. No dye was observed or reported in the creek, thus
any coliform bacteria that may have entered Goose Creek directly from on-site wastewater
systems may have come from surface runoff through rain events rather than subsurface
movement of effluent.
SUMMARY AND CONCLUSION
A field study which took place from April 2009 through April 2011 in the Goose Creek
Watershed of Mecklenburg County, North Carolina found on-site wastewater system hydraulic
failures at 12 out of 1,422 sites inspected, with a failure rate of 0.84%. This failure rate was

20

considerably lower than other studies however the survey was in one specific area of the county
as opposed to random sampling throughout the entire county. This low rate is consistent with
reported failures within the same boundaries of the study a year after the study was conducted
with only three on-site wastewater system failures reported from April, 2011 through March,
2012.
The majority of the failures observed were due to age and excessive water usage
from leaks or too many people living in the residence. Site maintenance through the PME
program, education of homeowners, and certified operator contracts were considered a factor in
the absence of on-site wastewater failures for pump, drip irrigation, and LPP systems inspected.
Wet season hydraulic failures were considerably higher during the winter and spring months,
with no failures found during the summer months. Siting had no significant impact on hydraulic
failures in this study. Professional licensed soil scientists that have been on staff with
Mecklenburg County for the past 30 years are attributed with a low on-site wastewater failure
rate by siting and evaluating the soil in the areas that on-site wastewater systems are installed. In
addition, there was no indication that system type had anything to do with failure rates. The
majority of the on-site wastewater systems inspected were conventional bed systems that have
proven to properly function with a very low failure rate and could be expected to last over 30
years if operated and maintained properly.
Fecal coliform counts were statistically lower after one on-site wastewater system was
repaired that was found failing within 200ft of Goose Creek. As for the entire watershed, there is
little evidence that high fecal coliform counts over the desired TDML standards was attributed to
failing septic systems within the watershed. Only three failing on-site wastewater systems were
found within 400ft of tributaries throughout the watershed. Further research would be needed to
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determine if on-site wastewater systems attributed to higher fecal coliform counts in surface
waters by using DNA or other fingerprinting techniques to differentiate animal from human fecal
coliform, and to trace samples collected from surface water back to samples taken from a failing
on-site wastewater system.
On-site wastewater system failures are not suspected as having a big influence for the
decline of the Carolina heelsplitter mussel in the Goose Creek Watershed. The Carolina
heelsplitter is more susceptible and sensitive to ammonia and prescription drugs found in surface
waters from storm water runoff and sewage package plant overflows around Stevens Creek
(Fridell, J (2008, January 20). Telephone interview). Urbanization along with construction
activities that do not adequately control soil erosion contribute to excessive amounts of silt,
pesticides, fertilizers, heavy metals, and other pollutants that suffocate and poison freshwater
mussels (U.S. Fish and Wildlife Service, 2011).
If any future studies are to be conducted within Mecklenburg County it would be
beneficial to collect water samples from wells on properties that are also served by on-site
wastewater systems to determine if there are any impacts on groundwater. In addition, it would
be beneficial to compare the Goose Creek Watershed findings to a failure rate analysis using
randomly selected on-site wastewater systems within the entire county. Overall the study was a
success and gave Mecklenburg County an indication on how well on-site wastewater systems are
performing within the study area, along with educating residences about on-site wastewater
system use and maintenance.
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Appendix 1. Map and location of on-site wastewater system inspections in the Goose Creek Watershed
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Appendix 2. On-site wastewater system inspection form used in the Goose Creek Watershed
Groundwater & Wastewater Services
700 N. Tryon St., Suite 211
Charlotte, NC 28202
Ph: 704-336-5103
Septic System Inspection Form
Inspection Date: _______________

Inspection Completed By: ________________________________

Site Parcel Id #: _______________

Site Address: __________________________________________

GWS File #: ____________

Watershed: __________________ Catchment Id: ________

Septic System Information:
System Classification:

II

a

b

III

IV

c

V

d

e

VI
f

g

System Description: ____________________________________
(Ex: pump to 25% reduction)
Year Operation Permit Issued: _______________ (If no permit record is available use built date year from POLARIS.)
System Age: Years _______

Actual

Estimated

Inspection Information:

Comments

Site accessible for inspection:

Yes

No

________________________________________

Owner present:

Yes

No

________________________________________

Drain field probed:

Yes

No

________________________________________

System malfunction observed:

Yes

No

________________________________________

Notice of Violation required:

Yes

No

________________________________________

System located <200 ft. from

Yes

No

________________________________________

Yes

No

________________________________________

Trees/vegetation in drain field:

Yes

No

________________________________________

Irrigation on drain field:

Yes

No

________________________________________

Well(s) located on property:

Yes

No

________________________________________

surface water body:
System located <50 ft. from
stormwater BMP or diversion:

General comments/observations: __________________________________________________________________
# photos taken: _____

Dye Pack Left:

Yes

No

Signature: _________________________________
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Appendix 3. Information pamphlet used in the Goose Creek Watershed.
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Appendix 4.Goose Creek Watershed on-site wastewater system failure chart
NOV Issued System Age (years) Design Flow Failing System Code

LTAR

Remedy Code

Compliance Achieved By:

0.3

Tire Chip Bed

Septic system repaired

Gravel Bed/Washer Line SD-Discharge to surface Damaged or Destroyed

0.3

Gravel Bed

Washer line repaired

360 GPD

Gravel Bed

SD-Discharge to surface Excessive Water Usage/ Had many visitors

N/A

Terra Lift

Maintenance

10

480 GPD

Gravel Drain Lines

SD-Discharge to surface Excessive Water Usage/Leak in house

0.3

Tire Chip Bed

Septic system repaired

37

360 GPD

Gravel Bed

SD-Discharge to surface Site Problems/Building over Drainfield

0.3

Tire Chip Bed/Int. Drain Septic system repaired

4/19/2010

36

360 GPD

Gravel Bed

SD-Discharge to surface Excessive Water Usage/ 10 people living there

0.3

Tire Chip Bed

Septic system repaired

3/23/2010

38

360 GPD

Gravel Bed

SD-Discharge to surface Age/ Normal Exhaustion/ Roots

0.3

Tire Chip Bed

Septic system repaired

11/16/2010

38

240 GPD

Gravel Bed

SD-Discharge to surface Excessive Water Usage/Leak in house

N/A

Fixed Leak

Maintenance

11/29/2010

23

480 GPD

Gravel Trench

SD-Discharge to surface Excessive Water Usage/Leak in house

N/A

Terra Lift/ fixed leak

Maintenance

12/15/2010

55

360 GPD

Gravel Bed

SD-Discharge to surface Age/ Normal Exhaustion/ Roots

N/A

Roots/Cleaned Out

Maintenance

4/18/2011

47

360 GPD

Gravel Bed

SD-Discharge to surface Straight Piped Wash Water

0.3

Tire Chip Bed

Washer line repaired

2/23/2011

100

360 GPD

Gravel Bed

SD- Discharge to surface Damaged or Destroyed-Lids on septic tank broken

N/A

Tank lids replaced

Maintenance

4/30/2009

30

600 GPD

Gravel Bed

5/18/2009

32

360 GPD

5/27/2009

32

3/15/2010
2/10/2010

Failure Type

Primary Cause

SD-Discharge to surface Excessive Water Usage/ Many kids home schooled
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