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Abstract 

 

Although rainwater harvesting is often the best stormwater control measures (SCM) for areas 

with little space and high water-tables, the material costs and installation of large cisterns are 

cost-prohibitive for single-family residences.  This project expanded the number of households 

in the Town of Oak Island, NC, who harvest rainwater by retrofitting existing septic tanks no 

longer in use into stormwater control measures.  The overall objective of this project is to 

improve the quality of Oak Island’s surface waters by decreasing the volume of stormwater 

runoff and pollutants from reaching the waterways.   

 

The retrofitted cisterns were all outfitted with a pump for irrigation but depending on usage, the 

sites were identified as passive management or active management.  All of the tanks in this study 

were able to capture some stormwater but only the actively-managed tanks were able to 

effectively provide enough tank capacity to retain the 1.5” design storm standard for coastal 

counties in NC.  Cisterns are an effective SCM only if the stormwater can be utilized in a 

consistent manner and with a volume that relates to the amount of stormwater captured by the 

cistern.  The three cisterns sampled showed promising results of reduced pathogenic bacteria 

concentration as caused by the addition of microbial enzymes.  There was no baseline data for 

comparison so the results are not conclusive.  Additionally, half of the samples had reported 

levels of fecal coliform concentration exceeding the North Carolina state standard of 200 

colonies/100 milliliters following rain events.  The stormwater collected from the rooftops at 

these sites should only be used for non-potable demands. 

  



3 
 

Site Location 

 

The project is located on various residential properties spanning the nine square-mile barrier 

island portion of the Town of Oak Island, North Carolina.  Oak Island is situated in the southern 

coastal plain within the Lumber River Basin and Cape Fear River Basin (see Figure 1 in the 

Appendix).  There are several stressed waterbodies in the vicinity that will be impacted by the 

project including the Atlantic Intracoastal Waterway, Montgomery Slough, Davis Creek, Davis 

Canal, Dennis Creek, Elizabeth River, Eastern Channel, Dutchman Creek Outlet Channel, and 

the Atlantic Ocean (see Figure 2 in the Appendix).  The Town of Oak Island, has a permanent 

population of about 7,000 residents and a summer population of about 40,000 individuals, 

correlating to the middle range of coastal NC population densities. This area is representative of 

coastal southeastern NC geographic characteristics including typical rainfall amounts (i.e. 54-60 

inches annually), sandy soils, and pathogen-sensitive estuarine habitats.  Therefore, the project’s 

results can be applied to a broad range of other locations along the coast of the southeastern U.S. 

and within the coastal plain.   

 

Stormwater Issue and Objective 

 

The Town of Oak Island has a National Pollutant Discharge Elimination System (NPDES) Phase 

II permit that requires the planning and implementation of a Stormwater Management Plan. The 

purpose of the Stormwater Management Plan is to reduce the discharge of pollutants from the 

municipal separate storm sewer system (MS4) area to the maximum extent practicable, to protect 

water quality, and to satisfy the applicable water quality requirements of the Clean Water Act.  
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The stormwater plan is especially important in areas that experience population growth and 

development which has been shown to be a major contributor to the volume of runoff and 

concentration of pollutants in stormwater runoff. 

 

According to the 2017 Town of Oak Island Comprehensive Land Use Plan, the county has 

consistently ranked in the top 10 in the state for county population growth in the last decade.  

The permanent population of Oak Island increased by more than 6% from 2000 to 2013.  

Additionally, there is an influx of seasonal residents and day visitors traveling to the town.  The 

peak day population in Oak Island is estimated to be more than 45,000 individuals.  As this 

growth continues, the accompanying development and changes in land use frequently result in an 

expansion of impervious surfaces, an increased use of lawn and garden supplies like fertilizers, 

pesticides, and herbicides, and an export of pollutants and silt deposits from construction 

activities and other industrial activities.   

 

The purpose of this project is to improve the quality of Oak Island’s surface waters and to help 

regain their intended shellfishing uses which have been impeded by excess pathogens reaching 

the surface waters via stormwater runoff. The Environmental Protection Agency’s 2014 303(d) 

list and draft 2016 303(d) list of the waterbodies with the poorest water quality includes the 

Intracoastal Waterway, Montgomery Slough, and Elizabeth River, all impaired for shellfish 

growing by high levels of fecal coliform. This project addresses the water quality concern by 

decreasing the volume of stormwater entering the island’s waterways which is the carrier of 

pathogens.   
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Strategy and Approach  

 

To address the objective of improving water quality, stormwater runoff from rooftops is routed 

and captured in buried, abandoned, and sanitized residential septic tanks that have been 

reconfigured to cisterns.  The septic tanks were abandoned in 2012 after the construction of a 

town-wide wastewater system completed.  By capturing the stormwater, the volume of runoff 

reaching the waterways is decreased and the pollutants that are transported via runoff don’t reach 

the waterways.  The existing septic tanks consist of both an inlet and outlet opening to receive 

water and to distribute water to a drain field, respectively.  When the stormwater reaches the 

drain field, it slowly infiltrates into the surrounding soil and recharges the groundwater.  The 

homeowners were also presented with the additional option of installing a pump and hosing to 

allow for non-potable demands such as irrigation.  All of the monitored sites in this study opted 

to have the pump and hosing installed.  

 

To note, the options for submersible pumps are limited in scope and don’t build up strong 

pressure.  Therefore, these submersible pumps are most effective for hand watering with a hose 

less than 25 feet or connected to a single lawn sprinkler.  As the length of the discharge hose 

increases, the water comes into contact with more hose surface.  The rushing water has more 

friction to overcome and loses energy resulting in a lower discharge capacity.  To provide greater 

pressure to overcome the barrier of pressure, an above ground jet pump would be recommended.  

The jet pump option was not favorably received because it was not covered in the retrofit costs, 

was energy intensive, and/or was perceived to be visually unaesthetic.  The jet pump is a stand-

alone apparatus that can’t be enclosed within the tank.  The predominance of submersible pumps 
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influenced the effectiveness of the cisterns as a stormwater management control as discussed 

later in the report. 

    

The value of this project is not only beneficial to water quality but also financially prudent.  The 

project relies on existing infrastructure which reduces the cost of the project. The cisterns 

provide a source of water for non-potable uses that reduces the demand on potable water-supply 

systems and the costs for purchased water.  The retrofit does require sterilization, plumbing, and 

electrical work to reconfigure the septic tanks to cisterns.  The representative costs for these tasks 

are given as: 

 

  

 

 

 

 

 

         *Dependent on labor and material cost 

   

This grant was able to subsidize the cost for homeowners by providing vouchers.  The out-of-

pocket expenses for each homeowner was estimated to be between $350 and $750.  To receive 

the voucher, each homeowner had to sign a septic tank retrofit agreement form (see Figure 3 in 

the Appendix) which set out certain conditions to follow.  Each applicant had to ensure that the 

septic tank was disinfected, gutters were installed, and were in charge of hiring the contractors 

Per Installation Estimate Cost* Voucher  

Sterilization and Plumbing $250-400 $50 

Electrical Wiring $250-500 $100 

Pump  $150 $150 

Hose Bib $250 $250 

Total $900-1,300 $550 
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from a pre-approved list to complete the retrofit.  Once the work was completed, the applicant 

would submit all the receipts to the Town to receive reimbursement.  This retrofit was an 

attractive option to homeowners who otherwise would be responsible on their own for costs 

associated with cleaning, pumping, crushing, and filling abandoned septic tanks.  

  

The project was also an opportunity to engage the public about stormwater management and to 

train professionals on system installation, operation, and maintenance protocols. The novel, 

large-scale collaboration between the Town of Oak Island, NC State University Biological and 

Agricultural Engineering, NC Cooperative Extension-Brunswick County, plumbers, landscape 

contractors, and the residents of Oak Island led to the success of the project. The Town of Oak 

Island helped to facilitate introductions to the residents and assisted with on-site water quality 

testing.  The NCSU Biological and Agricultural Engineering Department designed the system 

and trained the local contractors.  The contractors retrofitted the septic tanks and installed any 

equipment for irrigation.  Due to the outreach and training, the project has the potential to change 

behavior and attitudes of area residents and participants beyond this project to the broader region 

and for years to come.    

 

Installation 

 

The project began in July 2013 when about 30 Oak Island residents were presented with 

stormwater information and the opportunity to participate in the septic tank-to-cistern retrofit 

project. Through continuous site outreach involving public meetings and news articles, an 

additional 60 residents expressed interest in participating in this project. On January 27, 2015, 
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NC State University and NC Cooperative Extension provided a training workshop on stormwater 

and septic conversion for local septic and/or landscape contractors at the Town of Oak Island 

Town Hall Council Chambers.  The training included an overview of stormwater management, 

the step-by-step process of converting septic tanks into cisterns, installation of pump and hosing 

for irrigation, and maintenance needs for the cisterns. After obtaining the training, town’s public 

works manager approved several project contractors to perform the septic tank to cistern retrofit. 

 

Contractors were guided through an installation procedure to insure worker and public safety and 

the functionality of the systems. The tanks had to be pumped and disinfected according to pre-

established procedures to sterilize the tanks.  

  

                

     Tank Sterilization Process. Photos courtesy of Erin Carey 

 

After the tanks were sterilized, any necessary gutters were installed.  Then the downspouts from 

the building were connected to the tank to capture the runoff.  One to two downspouts were 

routed into each tank based on the available square footage of the roof.  
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Connecting Gutter and Roof Downspouts to Cistern.  Photos courtesy of Erin Carey. 

 

The final action item was to install the submersible pump, electrical wiring, and hosing for 

residents who desired to use the captured stormwater in the tank for irrigation.  Each contractor 

was initially observed by the project managers to insure accuracy of installation.  

 

A few pilot retrofits of the septic tanks were constructed in early 2015. In late 2015, The Town 

of Oak Island became the recipient of a Clean Water Management Trust Fund grant which 

allowed them to increase the number of residents receiving retrofits and to conduct monitoring of 

the tanks for water quality. Additional outreach through public meetings were held between 

March and May 2016.  The residences of volunteer participants were assessed for feasibility.  By 

August 2016, the process of sterilizing the tanks began.  There were a total of 15 tanks that were 

sterilized of which 12 tanks were retrofitted to become cisterns (see Figure 4 and 5 in the 

Appendix).  Hydrologic conditions were monitored for 5 tanks of which 3 tanks were 

additionally monitored for water quality.  More individuals expressed interests in the project but 

didn’t follow through with the paperwork to enroll or they submitted the request after the 

funding period had closed. 
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Monitoring Set-up 

 

The two objective of the monitoring were to determine the volume of stormwater captured and 

the reduction in pathogens specifically fecal coliform.  The protocol for the monitoring involved 

both the collection of hydrological data and monthly water quality grab samples.  The hydrology 

set-up consisted of one rain gage at the most centrally located site (identified as 329) and V20L-

04 Water Level Loggers in all five of the monitored tanks.  In addition, the most centrally 

geographic site was outfitted with an atmospheric pressure logger.  The atmospheric 

measurements were used as a reference to compensate the gauge pressure measurements. The 

water level loggers were installed within the first chamber of the two chamber converted septic 

tank inside a stilling well.  A hole was bored through the concrete cover of the tank to create the 

stilling well .  The water level loggers were calibrated in the lab prior to being installed in the 

field.   

 

              

   Installation of the water level logger (From left to right, bored hole, stilling well, placement of     

   water level logger in stilling well) Photos courtesy of Erin Carey 

 

To collect the water quality samples, the roof runoff at each site was routed through an in-line 

nested bucket system (see Figure 6 in the Appendix).  The nested bucket was built such that only 

small portion of rainfall from roof filled the nested (smaller) bucket allowing additional water to 
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bypass to the tank.  The larger bucket in which the nested bucket sat had holes drilled in the 

bottom to prevent any ponding and covered with a lid.  The entire bucket system was placed in 

the ground just deep enough that the lid could be easily accessed and removed for obtaining a 

sample.  This nested system was instrumental for allowing ease to monitor since the tanks was 

buried several feet underground. 

 

    

Nested bucket system.  Photos courtesy of Erin Carey. 

 

Hydrologic data were collected over a year-long period commencing in November 2016 and 

culminating in November 2017.  The water level loggers continuously collected depth 

measurements at two minute intervals.  Although the loggers were maintained in the tanks during 

this year, there were periods of interrupted data loss due to battery shortage and other issues.  

The time period available for evaluation with corresponding precipitation and water level logger 

data is approximately 7 months.   

 

The rainfall data was collected on-site with a tipping gauge during the same interval as the water-

level loggers.  This site-specific precipitation was compared to rainfall recorded at the Brunswick 

County airport by the National Weather Service to validate the quality of the data.  This airport 

located in Southport, NC, ranges in distance from two to six miles from the monitored site 
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locations.  Over the same time period, the on-site tipping gauge and Brunswick County airport 

gauge recorded 30.64 inches and 64.79 inches respectively.  This difference in recorded 

precipitation amounts was attributed to a 5 month period during which no precipitation was 

recorded by the tipping gauge on site.  This unaccounted rainfall depth is significant enough to 

warrant the use of the rainfall data collected at the Brunswick County Airport.  The cumulative 

amount of rainfall corresponding to the time period measured by the water level logger at each 

site ranged between 27-31 inches.  These rainfall amounts are in line with the expected rainfall 

typically received in this region over a 7-month period.   

 

Table 1. Information about Monitoring Sites 

Monitoring 

Sites 

Assumed 

Contributing 

Drainage Area 

(SF) 

Total 

Rainfall 

Received 

(inches) 

Total 

Contributing 

Flow to Tank 

(CF) 

Size of 

tank 

(gallons) 

Irrigation 

329YD 720 30.36 1771 900 Yes 

1703WOID 609 27.91 1416 900 No 

2301YD  756 29.2 1840 900 No 

2504PD  500 27.84 1160 1000 Yes 

 5704YD  1250 30.36 3163 900 No 

  

Water quality sampling was conducted almost monthly between February 2017 and October 

2017 for three tanks.  A few months of water quality had to be removed because the samples 

were not labeled to identify whether it was collected pre-treatment or post-treatment.  Grab 

samples were collected by the Oak Island Environmental Advisory Committee, run by a third-

party lab, and analyzed by the NC State Biological and Agricultural Engineering department to 

assess fecal coliform concentrations.  A food-grade biological remediation product from 
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EnviRemed was donated and tested for its ability to remove pathogens from the tanks.  Due to 

miscommunication, EnviRemed was added to all three tanks samples so there is no tank from 

which to make a baseline comparison. 

 

Uncertainties 

There are two sources of uncertainties to note which don’t overall change the outcome of the 

project.  One, the contributing drainage areas (i.e. rooftops) were measured from aerial imagery 

and GIS data.  These data sources are photo stills that can make it difficult to discern the precise 

geometry of the roof such as the pitch which influence the directional flow of the rainwater.  The 

contributing drainage area values were verified with field measurements taken at ground level of 

the roof peaks and downspout locations.  This method of field verified GIS data was used to 

determine the roof contributing drainage areas.  Although not precise, it is considered reliable for 

the purposes herein. 

 

The second source of uncertainty is the dimension of the septic tank at each residence.  

Determining the actual dimensions would require the removal of grass and dirt from a resident’s 

lawn which was deemed disruptive, time-consuming, and costly.  The Brunswick County 

Environmental Health Office was able to provide the tank volumes at each site according to 

permit records.   Their records also indicated that all the tanks were concrete.  The only property 

without a permit for a septic tank on file was site 329 YD.  This site was assumed to have a tank 

equivalent to 900 gallons because that is the most common size tank used at a residence in the 

Town.  Based on the provided volumes, the dimensions for the tanks were informed by a 

Henderson, NC concrete septic tank provider.  The 900-gallon septic tank was assumed to be 
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107" long by 53" wide by 59.5" deep.  The inlet and outlets as measured from the bottom of the 

tank to the center of the holes were 50.5” and 48”, respectively.  The 1000-gallon septic tank was 

assumed to be 107” long by 53” wide by 66.5” deep.  The inlet and outlets as measured from the 

bottom of the tank to the center of the holes were 57.5” and 55.5” respectively.  The available 

tank capacity in cubic feet is expressed in the table below.   

 

 Table 2: Tank Capacities 

 

 

 

             Note: The inlet and outlet controlled volumes are generous since they are based on the heights taken at the               

 center of the outlet not at the invert height.  

 

The dimensions of the septic tanks can vary based on the suppliers. Since the analysis in this 

reported was concerned with The evaluation of the tanks was focused on relative volume to 

capture a specific size storm which should be comparable between tanks of the same volume size 

regardless of dimensions. 

 

Results 

 

Water Quantity 

Overall, the actively-managed retrofitted tanks captured a larger volume of stormwater from the 

contributing rooftop areas than the passively-managed retrofitted tanks.  The identification of the 

sites as either actively- or passively- managed was determined according to use of the captured 

stormwater.  The tanks that were actively-managed (i.e. 329YD and 2504) reached a drawdown 

  900 gallon tank 1000 gallon tank 

Maximum capacity (CF) 195 218 

Inlet controlled (CF) 166 189 

Outlet controlled (CF) 158 182 
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level to approximately 5% of the tank capacity which freed up storage capacity for retaining the 

runoff from subsequent storms.  In contrast, the passively-managed tanks (i.e., 1703WOID, 

2301YD and 5704YD) maintained a filled tank capacity at approximately 80% which 

corresponds to the outlet-controlled tank capacity.  Therefore, any captured water from 

subsequent events would spill through the outlet of the tank into the drain field.  The passively-

controlled tanks provided minimal if any retention.  For any tanks in the study, leakages may 

have occurred in the tank as has been observed in similar installations in Holden Beach, NC.   

 

The stormwater volume for all 5 monitored tanks area shown in Figure 5-Figures 9.  The limits 

of stormwater volume in the tank are demarcated by the lines labeled “Maximum Drawdown” 

and “Outlet-Controlled Tank Capacity”.  “Maximum Drawdown” denotes the minimum volume 

recorded in the tanks not inclusive of the starting volume when the monitoring equipment was 

installed.  The “Outlet-Controlled Tank Capacity” refers to volume in tank as limited by the 

outlet height.  The outlet-controlled tank capacity is the default management approach.  The 

shaded area is equivalent to the stormwater runoff volume generated from a 1.5-inch storm as 

calculated specifically for each site based on the contributing drainage area.  For the passively-

managed tanks, the shaded area exceeds the outlet-controlled tank capacity which indicates that 

there was insufficient tank capacity to be able to retain the runoff from the 1.5-inch storm.  The 

1.5-inch was selected as the benchmark because it is the required storm depth for designing 

stormwater control measures(SCM) for the Coastal Counties according to the North Carolina 

Stormwater Control Measure Credit Document.   
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The three passively-managed tanks identified as 1703WOID, 2301YD and 5704YD had minimal 

fluctuations in stormwater volume as shown in Figures 5, 6, and 7.  The homeowners at these 

sites raised the issues that the pumps conveyed low flow volumes which hindered their ability to 

use the water for irrigation.  Site 1703WD has the cistern connected to a sprinkler system with 

multiple heads.  Site 5704YD relies on a 100-foot hose to convey the water from the cistern to a 

seasonal vegetable garden.  For both these sites, the pump didn’t meet the application.  

Therefore, the stormwater in the tank could not be utilized to the maximum extent possible.   

 

Figure 5. Tank Capacity for 2301YD 

 

The tank at 2301YD shown in Figure 5 had a consistent stormwater volume with the exception 

of the tail when there was a drop-off in recorded stormwater volume.  The outlet doesn’t appear 

to be the controlled mechanism for this tank which could simply be a reflection of an incorrect 

estimate of tank dimensions.  This tank has insufficient capacity above the recorded maximum 
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drawdown to capture the 1.5-inch design storm.  If this cistern was being credited as a SCM, it 

would be considered undersized and would need a secondary SCM. 

 

The passively managed tank identified by 1703WOID presents a similar profile to 2301YD such 

that there is minimal detention capacity between storm events and insufficient capacity to retain 

the 1.5-inch design storm volume.  The initial spike in stormwater volume occurred initially after 

the monitoring equipment was installed and not reflective of typical conditions during the 

monitoring period.  For the majority of the observed monitoring period, the maximum drawdown 

and the outlet-controlled overlap at 80% tank capacity except for a six-day period in which the 

maximum drawdown dips below the outlet-controlled tank capacity.   

 

Figure 6. Tank Capacity for 1703WOID 
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The tank at 5704YD recorded stormwater volumes that indicate period of use and non-use.  The 

homeowner reported daily use of the cistern to water a garden, which is a seasonal use.  It 

logically makes sense that the stormwater flow volume fluctuated the most during the growing 

season from April to November.  The water level logger recorded values exceeding the height of 

the concrete retrofitted cistern for a duration of 44 minutes during the 9/12/2017 storm event and 

10 minutes during the 4/6/2017 storm event.  This tank has a contributing roof runoff area that 

was almost double the other four tanks evaluated in this study.  There would have been more 

turbulence in the cistern during large storm events which could have affected the water level 

logger readings.   

Figure 7. Tank Capacity for 5704YD 

 

 

In contrast to the passively-managed tanks, the tanks that were actively-managed indicated 

stormwater volume that fluctuated from approximately 5% to 80% of the tank capacity as shown 

in Figures 8 and 9.  When maximum drawdown occurred, the cisterns at sites 329YD and 2504 
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PF could retain the 1.5-inch design storm as indicated by the shaded area reaching a level below 

the outlet-controlled tank capacity.  There was even extra capacity available which could have 

received runoff from contributing roof drainage area.  The frequent use of stormwater effectively 

created ample storage space in the tank for a subsequent storm event and allowed the cistern to 

function for its intended uses.  A full drawdown of the storage capacity in each tank occurred 

several times over the study because it was actively managed.   

 

The tank at 329YD was observed to have the most usage of stormwater with repeated maximum 

drawdowns.  Depending on the storm event, the tank capacity would fill up part-way or to full 

capacity.  At the maximum drawdown, the tank would have been able to retain stormwater 

generated from a 3.1-inch storm.  Unlike the site at 5704YD, the tank exhibited use year-round.  

The likely application was turf irrigation.  The data indicates that the practice can be a reliable 

year-round SCM.  

Figure 8. Tank Capacity for 329YD 

 



20 
 

 

The tank at 2504PD is also an actively managed tank although the data indicates that there were 

several months of inactivity from mid-January to early April.  Discussion with the resident at the 

site indicated that the pump was replaced due to electrical issues within the first few months of 

the monitoring period.  Until the pump was replaced, the cistern was not utilized.  After the 

pump was installed, the stormwater in the tank was utilized.  The outlet-controlled tank capacity 

exhibited by the tank corresponded to the capacity managed by a 900-gallon tank.  The permit 

for this site was intended for a 1000-gallon tank.  This disagreement demonstrates the difficulty 

of retrofit projects when existing infrastructure is unknown.   

 

Figure 9. Tank Capacity for 2504PD 
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Water Quality 

 

Pre-treatment and post-treatment samples of fecal coliform were taken over a 5-month period 

from June to October.  Half of the samples indicated high levels of fecal coliform exceeding the 

North Carolina freshwater fecal coliform concentration standard where the log mean over a 30-

day period should not exceed of 200/100 mL (see Table 3).  According to the U.S. 

Environmental Protection Agency (2016), “violations of the fecal coliform standard are expected 

during rainfall events, and in some cases, this violation is expected to be caused by 

uncontrollable nonpoint source pollution.”  The probable source of pathogens at these sites is 

bird or other animal droppings on the rooftops that are transported with the stormwater runoff 

into the cisterns.  The reported fecal coliform concentrations levels are alarmingly high, 

particularly the samples taken in June 2017.  The addition of the biological enzyme shows 

promising effectiveness in reducing the concentration of fecal coliform in stormwater.    

 

Table 3. Fecal coliform concentrations (colonies/100 milliliters).  Sampled by Town of Oak 

Island Staff and analyzed by Environmental Chemists  
 

 

The four samples can be categorized into two categories based on the preceding storm events.  

The 6/9/2017 and 7/9/2017 samples were collected after storms with rainfall exceeding 1.4 

inches.  The 8/23/2017 and 10/26/2017 samples were collected from storm events less than 1 

Sampling 

Dates 

5704EY 2301EY* 1703WOID 

Pre-

Tank 

Post-

Treatment 

Percentage 

Change 

Pre-

Tank 

Post-

Treatment 

Percentage 

Change 

Pre-

Tank 

Post-

Treatment 

Percentage 

Change 

6/9/2017 >6,00

00 

>60,000 - >60,00

0 

7,000 -88% >60,000 >60,000 - 

7/19/2017 2,000 4,400 120% 13,000 9,000 -31% 28 <10 -64% 

8/23/2017 546 127 -77% 19,000 819 -96% 4,100 127 -97% 

10/26/2017 46 <10 -78% <10 <10 - <10 10 - 
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inch.  The storms with larger rainfall corresponded with higher fecal coliform concentrations 

than storms with comparatively less rainfall.   The samples on 10/26/2017 were collected more 

than 2 days after the rain event ended.  All the other samples were collected within 24-28 hours 

of precipitation.  The lower fecal coliform concentration reported from the October sample is 

likely due to settling that occurred from the longer storage time. 

 

All of the tanks monitored were given monthly applications of the biologically remediation 

product provided by EnviRemed.  The tanks show a decrease in fecal coliform concentration 

between the pre-tank sample and post-treatment as indicated by 7 of the 12 samples.  The percent 

reduction ranges from 31% to 88% across the various sites and storm events.  There were four 

samples in which no change in fecal coliform concentration was observed between the pre-tank 

sample and post-treatment sample.  One sample indicated that the fecal concentration doubled 

after treatment which seems like an outlier compared to the rest of the results.  The effectiveness 

of the product cannot be confirmed with this trial alone since there are not enough data points or 

a baseline comparison; however, the results are promising. 

 

Conclusion 

 

The retrofitted cisterns do serve the objective of capturing stormwater runoff from the connected 

rooftop surface but the quantity of water retained is relative to the utilization of the cistern.  The 

passive-managed cisterns could not sufficiently drain the retained stormwater prior in between 

storm events to capture the design storm of 1.5 inches for Coastal Counties in NC.  The actively- 

managed tanks achieved drawdowns that would have enabled the tanks to capture more than 
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double the design storm depth.  Therefore, these tanks could have received runoff from a larger 

contributing drainage area.  The effectiveness of using septic tanks as cisterns for a stormwater 

management strategy is based on the following conditions: (1) ensuring that there is a dedicated 

use for the water retained, and (2) adequate pressure is provided to reach flow volumes for 

intended use and (3) assigning a control system or individual to manage the use of stormwater.  

If the management falls to an individual, ongoing outreach and support is needed to ensure 

consistent utilization.   

 

The efficiency of the human-grade enzyme to kill pathogenic bacteria was promising.  Of the 12 

samples, there was an average reduction of 77% in fecal coliform concentrations for 58% of the 

samples and no discernible change for 33% of the samples.  Half of the effluent samples 

exceeded the North Carolina fecal coliform freshwater standard of 200 col/100mL.  Samples 

collected later in the study were generally cleaner.  The source of fecal coliform is likely to be 

animal droppings on rooftops which are conveyed with the stormwater runoff into the cisterns.  

Unless the water in the cistern is treated prior to use, the captured stormwater should only be 

used for non-potable demands due to reported fecal coliform concentrations that exceed the 

200/100mL standard. 

 

The project demonstrates that septic tanks can be retrofitted to cisterns and serve as a SCM for 

retaining stormwater on-site, if there is an accompanying use.  Future research could involve 

modifying the existing septic tanks to increase the rate of infiltration.  One action could be 

punching holes in the bottom of the tanks.  In this manner, passive management could be 

preserved as an option as opposed to necessitating active management.   
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ADDENDUM 

 

Outreach 

 

News Articles 

“Town secures grant for tank conversion.” By Lee Hinnant. Posted September 24, 2014 to The 

State Port Pilot 

 

“Tank-to-cistern irrigation system one way to establish Oak Island ‘smart yards.’” By Lee 

Hinnant. Posted April 13, 2016 to The State Port Pilot 

http://stateportpilot.com/news/article_4c073288-01b3-11e6-bd63-43aed577d30e.html 

 

Town of Oak Island Website described project and relate information about public meeting  

https://www.oakislandnc.com/announcements/want-to-help-control-stormwater-runoff-on-your-

property-find-out-how-you-can-re-use-your-old-septic-tank-to-collect-rainwater/ 

 

 

Public Meetings 

January 27, 2015 at 1 p.m.  Town Hall Council Chambers for training contractors 

March 22, 2016 at 1 p.m., Council Chambers at Town Hall to education and enlist residents 

May 18, 2016 at 6 p.m., Oak Island Town Hall Council Chambers to educate and enlist residents 

 

 

References 
 

North Carolina Stormwater Control Measure Credit Document (Last revised August 7, 2017).  

https://ncdenr.s3.amazonaws.com/s3fs-

public/Energy%20Mineral%20and%20Land%20Resources/Stormwater/BMP%20Manual/SSW-

SCM-Credit-Doc-20170807.pdf 
 

“Sections.01011-.0200, Classifications and water quality standards applicable to surface water 

and wetlands of North Carolina” (Effective April 6, 2016) U.S. Environmental Protection 

Agency. https://www.epa.gov/sites/production/files/2014-12/documents/nc-classifications-

wqs.pdf 

 

Town of Oak Island: comprehensive Land Use Plan.  Adopted by the Oak Island Town Council: 

January 10, 2017 http://www.oakislandnc.com/wp-

content/uploads/2017/12/Comprehensive_Land_Use_Plan.pdf 

 

 

 

 

http://stateportpilot.com/news/article_4c073288-01b3-11e6-bd63-43aed577d30e.html
https://www.oakislandnc.com/announcements/want-to-help-control-stormwater-runoff-on-your-property-find-out-how-you-can-re-use-your-old-septic-tank-to-collect-rainwater/
https://www.oakislandnc.com/announcements/want-to-help-control-stormwater-runoff-on-your-property-find-out-how-you-can-re-use-your-old-septic-tank-to-collect-rainwater/
https://ncdenr.s3.amazonaws.com/s3fs-public/Energy%20Mineral%20and%20Land%20Resources/Stormwater/BMP%20Manual/SSW-SCM-Credit-Doc-20170807.pdf
https://ncdenr.s3.amazonaws.com/s3fs-public/Energy%20Mineral%20and%20Land%20Resources/Stormwater/BMP%20Manual/SSW-SCM-Credit-Doc-20170807.pdf
https://ncdenr.s3.amazonaws.com/s3fs-public/Energy%20Mineral%20and%20Land%20Resources/Stormwater/BMP%20Manual/SSW-SCM-Credit-Doc-20170807.pdf
https://www.epa.gov/sites/production/files/2014-12/documents/nc-classifications-wqs.pdf
https://www.epa.gov/sites/production/files/2014-12/documents/nc-classifications-wqs.pdf
http://www.oakislandnc.com/wp-content/uploads/2017/12/Comprehensive_Land_Use_Plan.pdf
http://www.oakislandnc.com/wp-content/uploads/2017/12/Comprehensive_Land_Use_Plan.pdf
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Maps and Diagrams 

 

Figure 1. North Carolina Watershed Map  

 

Town of Oak Island 

Project Location 
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Figure 2. Impaired waters and nursery areas within the Town of Oak Island (from the Town of Oak Island Comprehensive Land Use 

Plan) 
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Figure 3. Homeowner Agreement Form to Participate in Septic Tank Retrofit Project 

 
College of Agriculture and Life Sciences 

Department of Biological and Agricultural Engineering 

 

http://www.bae.ncsu.edu 

 

Campus Box 7625 

Raleigh, NC 27695-7625 

P: 919.515-2694 

 

Septic Tank Retrofit Project-Partner Agreement 

 

I, _____________________________, have volunteered to participate in the septic tank retrofit project, 

sponsored by the Town of Oak Island and NC State University, and funded through the North Carolina 

Clean Water Management Trust Fund.  I understand and agree to the following conditions regarding the 

project: 

 

 Septic tanks retrofitted for reuse must be pumped out and sterilized prior to retrofit construction. 

 

 Houses must have gutters installed before the retrofit installation begins. 

 

 The grant will cover the following expenses related to the retrofit: 

 

o Locate tank 

o Route 1-3 downspouts 

o Tie into tank 

o Drill infiltration hole (if needed) 

o Tank clean out and $50 voucher credit toward tank sterilization 

o Patch up yard 

o Basic Pump ($150 value) 

o Hose bib ($250 value) 

o $100 voucher toward electrical services 

 

 Any additional cost associated with the site (excess vegetation, distance from tank to gutter, 

removal of material, etc.) will be the responsibility of the property owner and will not be covered 

by the grant. 

 

 Property owners must notify the project manager upon scheduling of retrofit construction. 

 

 All communication regarding scheduling, pricing, design, and installation of project elements will 

remain between the property owner and the contractors.  There will be no intervention by NC 

State nor staff from the Town of Oak Island. 

 

Signed: 

 

Name_________________________________________________________  Date _______________ 

 

 

Printed Name__________________________________________________ 
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Figure 4. Site Locations for Septic Tank to Cistern Conversion in Town of Oak Island 
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Figure 5. Photos of the Monitored Sites after the completed septic tank to cistern retrofit 

 

329 E. Beach Dr. (Left: Tank location is in the background, Right: Close-up of the monitoring 

equipment at the tank surface level) 

 

                         
 

 

1703 W. Oak Island Dr. (Tank location is in the foreground) 

 

 
 



30 
 

2301 East Yacht Dr. (Tank location is in the foreground with view of nested bucket system in the 

foreground) 

 

 
 

 

2504 E. Pelican Dr. (Tank location in foreground) 

 

 
 

 

5704 E Yacht Dr. NE (Tank is in the center) 
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Figure 5. Schematic for Retrofitting Septic Tank to Underground Cistern 
 

 


