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Abstract 
 

ABERNATHY, STEPHEN. The Effect of Non-Structural BMP Implementation on  Stormwater Run-off at a 
Previously Unregulated Site  
 

In 2009 a chemical manufacturing facility applied for a NPDES permit through NCDENR. This 

facility had operated for 12 years at this site without a stormwater permit and had to comply with the 

benchmarks set by NCDENR by 2011. To do this non-structural BMPs were implemented to try and 

lower the phosphate and zinc contaminate levels in the stormwater effluent leaving the site. This study 

uses the data collected from 2009 through 2014 to decide whether or not non-structural BMPs could be 

used as an effective way to meet the standards of the NPDES permit. During this time frame there was a 

clear reduction in the phosphorous output from the site, while zinc levels remained above the 

benchmark levels and showed no consistent reduction. However, zinc was found in sources outside of 

the manufacturer’s control at the site from an underground spring and outfalls from the city coming 

onto the property. The study shows that non-structural BMPs can be used to effectively lower 

contamination levels if properly implemented potentially saving companies money on spending to 

construct and maintain structural BMPs.  
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Introduction: 

 
 
 Stormwater pollution is a major issue as cities become more urbanized and populated. If 

industries reduce their overall contaminant footprint the overall load to waterways is reduced. It is 

important to find the most cost effective and efficient way to reduce stormwater loads as municipalities 

bear a large responsibility for controlling their stormwater effluent. (Andoh, RYG, and C. Declerck 1997) 

stormwater runoff increases the amount of nutrients, sediment, toxic chemicals, debris, and bacteria 

found in the receiving streams and rivers. This extra material affects the water quality in different ways. 

The extra nutrients (i.e. phosphorous and nitrogen) can lead to eutrophication, the extra sediment leads 

to loss of clarity and rise in temperature, the toxic chemicals can harm animal populations downstream, 

and the debris and bacteria can lead to the death of many aquatic organisms.  

 As such, industrial stormwater permitting is a concern in the United States due to the large 

amounts of runoff that are generated at industrial sites. Any activity that occurs outdoors such as, material 

handling, tank loading, or container storage has the potential to contribute to stormwater pollution.  

Therefore, industrial sites are required to apply for an NPDES permit through their State agency.   

“The National Pollutant Discharge Elimination System (NPDES) stormwater permitting 

program regulates three types of activities: Industrial activities that fall in one of 10 categories; Municipal 

Separate Storm Sewer Systems (MS4s); and Construction activities that disturb an acre or more.” 

(NCDENR Stormwater BMP Manual & BMP Forms.  Web 2014) Phase 1 of this program began in 1990 and 

regulated the 10 categories of industrial activity, construction activity that disturbed five or more acres 

and any municipality with 100,000 people or more that operated a municipal separate storm sewer 

system or MS4 for short. Phase II of the program was enacted in 2007 and extended the permit 

requirements to all construction activities that disturb an acre or more and smaller communities of less 

than 100,000 people and public entities that operated an MS4. 

http://portal.ncdenr.org/web/lr/npdes-stormwater
http://portal.ncdenr.org/web/lr/npdes-stormwater
http://portal.ncdenr.org/c/document_library/get_file?uuid=4043e042-5662-4ede-a1bf-6533a150a100&groupId=38364
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Reporting for the NPDES permit operates in a tiered format. Tier I is the initial reporting phase of 

the program and requires sampling of a rain event twice per year, or semiannually. If a permitted site has 

two consecutive reports with the same contaminant above a benchmark value then they are moved into 

the Tier II category. Tier II reporting status requires monthly stormwater sampling and reporting. A 

permitted site will remain in this status until 3 consecutive reports with no exceedances of any 

contaminants are submitted. If a Tier II site has 3 consecutive reports with no exceedances then they are 

allowed to go back to a Tier I status and only submit semiannual reports to NCDENR.  

 There are many different ways to control stormwater runoff. Many facilities use retention ponds 

to hold stormwater and allow for contaminants to naturally settle out before liquid is removed. Other 

types of stormwater management are grass swales, rock lined percolation trenches, sand filtration, and 

dry detention basins. These are considered structural BMPs as they are constructed to lower the pollutant 

load in stormwater runoff. There are also non-structural BMPs that can be used to change the culture or 

habits of the workforce. Some examples of non-structural BMP’s are: better housekeeping standards, use 

of absorbent pads or buckets to collect any drips on exposed surfaces, education programs, and change 

in procedures that would reduce pollutant exposure to stormwater.  

 Best Management Practices, or BMPs, are guidelines for reducing the amount of pollutants that 

would be able to enter stormwater runoff at a site. At the study site both structural and non-structural 

BMP’s were implemented to mitigate stormwater runoff. Structural BMPs are physical changes made to 

the site to decrease stormwater contact with contaminants and non-structural BMPs are procedural or 

administrative changes to reduce stormwater contact with contaminants such as: housekeeping, 

education, and process modification. Some of the non-structural BMPs that were implemented at the 

study site included: daily sweeping inside the building, weekly pressure washing of the floors, using larger 

drip trays for outdoor work, and educating employees on stormwater pollution. Some structural 

modifications that were made included the addition of a canopy over the loading area and dumpsters.  
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Before the stormwater gets to the outfall on the site it goes through a dry detention basin, 

however the design of this basin was discovered to be ineffective at removing contaminants from the 

runoff at the site. For this reason the decision was made to change this basin to a wet detention basin. 

According to Studies by both Barret; and A.I. Lawrence et.al; a wet detention basin is the most effective 

choice for removing the phosphorous and zinc contaminants from stormwater effluent at the site.  

(Barrett, Michael E.) (A.I. Lawrence , J. Marsalek , J.B. Ellis & B. Urbonas (1996)). 

  There are many studies which have examined which BMP measures have been most effective at 

reducing chemical loading in stormwater runoff, but they focus mainly on the different types of structural 

BMPs that are available and not on the effectiveness of non-structural BMPs. This study will analyze the 

reduction in contaminants which could be related to the different types of BMPs, including non-structural 

BMPs, implemented at the site. The purpose of this study is to measure the effectiveness of the different 

types of BMP’s to evaluate whether or not the use of non-structural BMP’s would be effective enough to 

remain in compliance with the NPDES permit and avoid the construction of structural BMP’s at a site.    

History of the site: 
 

The manufacturing facility where this study took place is located in the South Fork of the Catawba 

River basin which is considered an impaired watershed by the EPA due to high turbidity and low pH. The 

South Fork of the Catawba River sub basin runs from Burke County through Catawba, Lincoln and Gaston 

Counties where it drains into Lake Wylie. The water quality concerns for this region are high levels of non-

point runoff from agriculture and industry, excess nutrient loading, and urban development. These factors 

have led to low pH concerns and high fecal coliform levels in the head waters that increase as the water 

runs towards Lake Wylie. At the lower end of the sub basin turbidity is a concern, along with even higher 

fecal coliform levels, these are exacerbated by nutrient enriched point sources and agricultural runoff. 
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(NCDENR. Division of Water Quality Basinwide Planning Unit. Catawba River Basinwide Water Quality Plan 

Chapter 2. N.p.: n.p., 2010. Print.) 

 Due to a change in site ownership, a NPDES permit was filed in 2009. During that year baseline 

samples were taken from the study site’s outflow during rain events. These samples were taken by an 

outside contractor and sent to a certified lab for analysis. The contractor subsequently trained the on-site 

production staff to conduct the sampling events.  In addition, training on non-structural BMPs was 

provided to the staff to help reduce contaminant loading. In 2011 on site employees conducted the 

sampling events and the samples were delivered to the lab for analysis.  Prior to 2013, only non-structural 

BMPs were in place.  In July 2013, a canopy was constructed over the bulk loading area as a structural 

BMP.  

The main chemicals of concern for this study are zinc and phosphorous. These two chemicals are 

produced on site and were found to be in concentration levels which exceed NCDENR’s regulatory limits. 

NCDENR has given the site an allowance for zinc since the benchmark is lower than ambient readings from 

tap water and stormwater collected from other areas not influenced by production runoff. This allowance 

allows for the site to not go to Tier II status for consecutive high readings. Phosphorous is of concern 

because it is handled in large quantities at the site and contamination leads to eutrophication in the 

waterways.  

Chemicals of Concern: 
 

The South Fork of the Catawba River has had a history of problems with both high turbidity and 

high fecal coliform bacteria levels at its ambient monitoring stations since 1997 according to the NCDENR 

Basin wide Water Quality plan for the Catawba River. (NCDENR. Division of Water Quality Basin wide 

Planning Unit) Turbidity is the measure of the cloudiness of the water and can be impacted by various 

factors such as: erosion of soils, algae growth, sedimentation, and tannic decomposition.  Because of the 

high turbidity levels phosphorous has become a chemical of concern within the South Fork River Basin. 
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Increases in phosphorous levels can lead to increases in algae blooms and plant growth. This process is 

called eutrophication and it leads to the degradation of the water quality for aquatic life. As plants and 

algae grow they consume more of the oxygen available for the aquatic life driving them out of the area or 

killing them off. When the algae blooms increases so does the turbidity of the water as they are suspended 

with the basin. So turbidity can be impacted by phosphorous which is why NCDENR has made it a chemical 

of concern for our site.  

 Another chemical of concern for our site is zinc. Zinc is highly toxic to aquatic life, specifically 

microorganisms. (British Columbia Ministry of the Environment) At the study site, zinc is used in the 

manufacturing process to make many different products with wide ranging concentrations of zinc. Due to 

this NCDENR has set the benchmark limit at 0.067 mg/L for the study site. This benchmark limit was 

considered to be extremely low by the site management and was disputed during the initial stages of the 

permitting process. The benchmark level was found to be lower than the zinc levels found in the sites tap 

water, at runoff points from the road, and from an area in the rear of the property that is believed to be 

fed from an underground stream. Due to this NCDENR gave the site an allowance that would eliminate 

the Tier II escalation for multiple readings of zinc above he benchmark level. 

Methods:  

During rain events throughout each year, samples were taken at the site’s outflow, labeled as OF-

1 on the sitemap (figure1), and sent to a state certified outside lab for testing. These results were compiled 

and compared to determine the effectiveness of the various types of BMP on contaminant removal from 

the stormwater outflow. The results from the 2011 to July 2013 sampling events measured the 

effectiveness of the non-structural BMP measures and all results after July 2013 showed how adding the 

structural BMP affected the amounts of pollutants found in our outflow.  

The data collected before July 2013 measured the impacts of the following non-structural BMPs: 
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 Biweekly pressure-washing of the floors.  

 Tying off of trash sacks to keep material from falling out on the way to the dumpsters. Making 

sure the lids were shut on the dumpsters after dumping daily trash. 

 Removal of all drums that were stored outside and stopping that practice entirely. Any non-virgin 

container was stored inside the building or disposed of.  

 Daily sweeping of the shop floor after manufacturing was complete.  

 The use of large drip trays underneath the connections used while loading or unloading tankers.  

 Storing hoses and fittings inside the building and using a bucket to carry them in.  

 Education: An outside contractor was brought in to train the employees on ways that could 

individually impact stormwater contamination. And to educate them on the consequences of 

stormwater pollution.  

Figure 1 is a site map that shows the flow of stormwater across the facility and the contaminant 

sources at the site. Water flows through the site from the street; there are two drainage ditches that 

channel water from an empty lot across the street that was once a textile plant and runoff from the street 

itself. Stormwater runs across the asphalt to a dry detention basin at the rear of the facility. While the 

water on the left side of the facility is channeled through a grass field that runs down to a small creek that 

meets up with the outflow from the dry detention basin before it gets to the outfall, or OF-1. 

The sampling procedure called for the use of individual bottles for each parameter and each bottle 

contained a preservative specific to the parameter being tested. The parameters being sampled for were: 

Hardness, Total Suspended Solids (TSS), pH, Total Phosphorous, and Total Zinc. For this site these were 

prepared by an outside lab in individually labeled and sealed Teflon bottles. During a rain event the bottles 

for each parameter being measured was taken to the outfall and used to collect a grab sample. Each 

sampler was required to wear clean neoprene gloves while taking samples and trained on the proper 
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sampling technique by an outside contractor. After collecting each sample the bottles were sealed and 

put in a cooler filled with ice while the chain of custody and sample report form was filled out. After this 

the lab who prepared the sample bottles was contacted and they would pick up the cooler within 24 to 

48 hours.  

Samples were taken at the outfall of the site from 2009 to March of 2014, marked on the Figure 

1 as OF-1. A rain event was defined in the permit as the accumulation of .10 of an inch of precipitation 

within a 12 hour period. Once .10 of inch was reached the sample needed to be taken within 15 minutes 

or when there was sufficient flow at the outfall to be a representative sample. The permit also stated that 

a sample could not be collected if there had been a rain event less than 72 hours prior. These specific 

criteria for sampling were the cause for some confusion and missed opportunities for sampling because 

the responsible parties for sample collection were not prepared to get to the outfall in time, or the 

required amount accumulated when there were no employees  at the site after hours or on weekends. 
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Figure 1: Map of the manufacturing site showing the sample point OF-1 and direction of water 
flow through the site. 
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Results:    

The results of stormwater sampling at the site are listed in Table 1 below. The initial test during 

the application for the permit was the only sample collected in 2009. In 2011 and 2012 the site was in a 

Tier I phase of reporting results semiannually, therefore fewer samples were collected during that time. 

After having two back to back samples with high results the site was moved to the tier 2 category which 

required monthly sampling of stormwater. The site is required to sample for the following parameters 

semiannually: pH, Hardness, and Total Suspended Solids (or TSS) and Monthly: Total Phosphorous, Total 

Zinc.  . Any month where a record is not shown is a month when stormwater was not collected due to 

low flow from a rain event or a rain event occurring after operating hours.  

The table shows that other than the initial test in 2009, there has been a trending decline in the 

concentration of phosphorous found in the samples. The pH has had a slight trend upwards toward the 

7 range, moving from the low 6 range to the high 6 range; however there is a long gap between samples 

from April of 2013 to November of 2013. Hardness and TSS did not have enough data to make an 

accurate analysis of the BMPs effect on their contaminants. The study found that zinc contaminant 

levels were not reduced using non- structural BMPS.  It was determined that the zinc contamination was 

coming from sources off site and therefore not reduced by the onsite non-structural BMPs.   This was 

observed through the data collected from locations DS, ODS, and OF-1. During a study on zinc 

concentrations, values higher than the benchmark were found in tap water, from the street runoff at DS 

and ODS on the sitemap (figure 1), and from an underground spring found in the back part of the 

property near OF-1.   

 It should be noted that the rain samples taken during rain events in November, December, and 

January following the construction of the canopy all occurred during times when flooding of the parking 

lot occurred due to a failed sump pump and high rainfall totals. This was fixed in April of 2014 and has 
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helped to reduce flooding underneath the canopy. This flooding increased the loading of pollutants in 

the stormwater runoff because the flood waters reached an area with highly concentrated materials 

that would usually be covered and not contact the stormwater. These materials concentrated on the 

semi-permeable surface of the parking until they made contact with the flood waters. The results of this 

loaded runoff show in the spike on Chart 1 below. Once the sump pump was fixed the values returned 

to a downward trend.  
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When analyzing the data for the effect of non-structural BMPs from 2009 until July 2013 a 

downward trend in the phosphorous contaminants was observed, but with a non- linear pattern. After 

July 2013, when the structural BMP was built, the contaminant level for phosphorous dropped even lower, 

with 3 months from November 2013 to January 2014 as outliers. The reason these three months may have 

Sample pH

Total 

Recoverable 

Zinc Total Hardness

Total 

Phosphorus TSS

Outfall Date (SU) (mg/L) (mg/L) (mg/L) (mg/L)

OF-1 12/2/2009 6.7 0.223 NA 1.4 24.7

7/15/2011 6.2 1.26 12.7 9.1 ND

4/18/2012 6.06 0.72 NA 19.3 NA

6/11/2012 5.92 0.67 NA 17.2 NA

7/10/2012 6.1 2.01 18.7 9.3 242

9/18/2012 6 0.82 NA 18 NA

11/15/2012 6.44 0.39 NA 15.2 NA

12/20/2012 6.6 1.34 14.6 3.9 3.4

2/7/2013 6.7 0.75 11.1 6.9 22

4/4/2013 NA 0.183 NA 0.9 NA

6/25/2013 NA 1.94 NA 4.8 NA

7/27/2013 NA 0.0421 NA 0.23 NA

9/25/2013 NA 0.288 NA 4.9 NA

10/7/2013 NA 0.699 NA 4 NA

11/26/2013 NA 0.248 NA 10.3 NA

12/5/2013 6.6 0.299 19 9.5 106

1/10/2014 6.3 1.32 14.2 10 49.2

3/29/2014 6.6 0.634 5.45 2.5 49.7

5/15/2014 6.54 0.932 NA 1.8 NA

7/31/2014 6.88 0.57 NA 0.48 NA

DWQ SW Benchmark Values 6 - 9 0.067 * NA 2 100

Notes:

Parameters are reported in standard units (SU) or milligrams per liter (mg/L).

* - Based on water hardness value of 50 mg/L

TSS - Total Suspended Solids

NM - Not Measured

NA - Not Analyzed

ND - Not Detected

Bold values are above the NCDENR Division of Water Quality (DWQ) Benchmark Value in the Stormwater Permit

Table 1: Sampling Dates and Results 
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had inconsistent data is the fact that an automatic sump pump was found to be nonfunctional in 

December of 2013. This sump pump acted to remove pooling water from the rear of the building during 

heavy rainfall, and without this pump operational water flooded an area which should was covered and 

should not have any contact with rain water. The pump was replaced in January 2014 and after this the 

data shows a more consistent downward trend. This study supports the question of could non-structural 

BMPs be used to control stormwater runoff contamination. The non-structural BMPs seemed to show 

slow improvement on overall concentrations of phosphorous.  

The structural BMP that was added to the site lowered the overall phosphorous levels found in 

the samples. This canopy worked to divert flow of stormwater away from a main area of high probability 

of contact. Three sampling events for phosphorous conducted after the construction of the canopy have 

had values lower than the benchmark value. Prior to the construction the data only showed 2 events that 

had phosphorous under the benchmark value. The data shows that the addition of the structural BMP has 

coincided with a reduction of phosphorous contaminants leaving the site.  

Overall, the non-structural BMPs did have a positive effect on the reduction of phosphorous 

contaminant levels in the stormwater runoff samples. The structural BMP also lowered the phosphorous 

contaminant levels at the site and had more consistent results compared to the non-structural BMPs.  

When the data from the two types of BMPs are compared to each other it looks like the structural BMP 

did a more consistent job at reducing phosphorous, but the non-structural BMPs also lowered 

phosphorous levels and could be used to control stormwater contamination. From the research done in 

other studies it seems that the site will see a tremendous benefit from adding a wet basin detention pond. 

This seems to be one of the most effective ways to remove contaminants from the runoff (Urbonas). In 

the future the site will benefit from the addition of this type of structural BMP and should help lower the 

concentration of all the pollutants in the stormwater runoff.  
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Conclusion:  
 
 

The results of this study show that non-structural BMPs can be used as an effective measure to 

reduce contaminants in stormwater. They may not be as efficient as traditional structural BMPs, as seen 

in the fluctuating results in the non-structural timeframe on graph 1, but they can reduce the 

concentration of contaminants leaving a site via stormwater. The non-structural BMPs show 

improvement, even though it was inconsistent, reflecting the manner in which nonstructural BMPs work 

because they rely heavily on day-to-day consistency.   

As shown in graph 1, it takes time to educate a workforce on the importance of adhering to all 

of the non-structural BMPS consistently. It is difficult to change a culture that was not initially trained to 

follow these guidelines for daily manufacturing activities from the onset of employment.  In the Cross 

and Duke study; it is opined that the self-reporting aspect of stormwater regulations helped slow the 

culture change, because the employees at the site never saw anyone from NCDENR come for a site visit 

or do any inspections, unlike other regulatory agencies, such as OSHA(Cross and Duke). If nonstructural 

BMP guidelines had been given to the employees from OSHA, an agency who does routine inspections 

and drop in visits, they would be more readily adhered too.  With a stricter and more consistent 

approach to the outlined BMPs; the contaminant numbers in the samples could be below the 

benchmarks set by NCDENR. 

Increasing a company’s reliance on non-structural BMPs could prove to be very cost effective for 

smaller companies faced with the challenge of meeting NPDES permit requirements. The cost of 

implementing non-structural BMPs is relatively low when compared to the cost of constructing 

traditional structural BMPs. The estimated construction cost of some of the typical structural BMPs, 

such as a retention basin, is around 45,000 to 125,000 dollars (US EPA).  The non-structural BMPs 

explored in this study, such as education of the workforce, had relatively low costs, comparatively.  
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Initial training by an outside contractor costs approximately $5,000 dollars and other BMP costs, such as 

housekeeping, were minor since they are part of daily operations.  

The use of non-structural BMPs should be used first by companies looking to save money on 

construction costs. As seen in this study it is possible to get below the benchmark values of the NPDES 

permit without using a structural BMP. Doing so however requires that the permitted entity be diligent 

about following the BMPs daily as one mistake can wipe out weeks or months of hard work.  If a 

company could manage the adherence to the non-structural BMPs well enough this method would be 

able to work.  

 From what was seen during this study, an increased presence from State agencies enforcing the 

NPDES permit would help to make non-structural BMPs more effective. This increased presence would 

help to raise awareness of the importance of stormwater management. In the case of this site many 

employees had not been trained on BMPs and stormwater pollution prevention plans prior to the 

application of the NPDES permit. However, they had operated for 10 years without one causing a 

careless attitude toward small spills due to lack of education. If the State agencies increased their 

presence to the level of an agency like OSHA anxiety over a drop in inspection would be a motivating 

factor for companies to monitor the adherence to BMPS.   

To further show that non-structural BMPs could be used solely to control stormwater runoff a 

study on a new site should be done to evaluate how well newly trained employees operate in adherence 

to the non-structural BMPs. Changing the culture of the employees at the plant at the study site took 4 

years from 2009 until 2012, if this period could be removed and the study started from 2012 onward 

with a longer monitoring period before a structural BMP was added then better results could possibly be 

seen.    
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A structural BMP may end up being necessary to stay under the NPDES requirements, especially 

if a site is working with chemicals that are sampled directly for the permit. Chemicals in such a highly 

concentrated form as phosphoric acid or zinc chloride, as this site handled, would immediately create a 

problem if stormwater came into contact with them.  The human element required for the non-

structural BMPs to work would be very risky for a company to rely upon in cases such as these, because 

they are jeopardizing their permit on the human element. Structural BMPs become good contingency 

plans in these cases because they will always be there to remove contaminants from the stormwater. 

This removal of risk may be advantageous for some companies and make them willing to consider the 

high construction costs of structural BMPs. 
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