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Appendix A. The Nitrogen Cycle 
 

 
 

 Forms of Nitrogen 
 

Although nitrogen is the major pollutant of concern for the Neuse River Estuary, it is also 

a nutrient that is essential for life.  The majority of nitrogen on the planet exists as N2 gas 

in the atmosphere.  In fact, 78% of the volume of the air we breathe is nitrogen. Nitrogen 

is not a natural constituent of rocks or minerals. 

 

N    N 
 

The N2 molecule has a triple bond, which is the most stable bond 

known to science.  Plants obtain all of the oxygen and carbon they need 

from the air.  However, it is very difficult for a plant to obtain nitrogen 

from the atmosphere because N2 gas is so non-reactive.   

 

Very special circumstances are required to break the triple bond in N2 gas and to convert 

the nitrogen into forms that most plants can use, as described in the next section.  The 

majority of plants obtain nitrogen from the soil as either nitrate (NO3) or ammonium 

(NH4).  

 

Once in the plant, ammonium can be used directly but nitrate is transformed to the 

ammonium form using energy derived from photosynthesis.  The plant uses nitrogen to 

form proteins that act primarily to control plant growth processes.  A good supply of 

nitrogen is associated with vigorous growth and a deep green color.  Plants deficient in 

nitrogen become stunted and yellow in appearance. 

 

Nitrogen in plant-available forms is generally scarce under natural conditions.  In other 

words, under natural conditions, nitrogen is a limiting growth factor.  Only recently have 

humans upset the balance by the addition of nitrogen fertilizers and NOX emissions and 

by artificially concentrating nitrogen sources such as human and livestock wastes.   

 

Nitrogen is classified as either inorganic or organic nitrogen.  At any given time, most of 

the nitrogen in the soil is in the organic form.  Inorganic nitrogen compounds are unstable 

and nitrogen is constantly returning to the atmosphere in gaseous forms. 

 

Inorganic Forms of Nitrogen 

 

N2: Inert nitrogen gas found in the atmosphere 

NO2: Nitrous oxides, is found in the atmosphere and is a component of 

 automobile exhaust and industrial processes 

NH3: Ammonia is a volatile gas and often is lost from soil applied ammonium 

 fertilizer and animal manure into the atmosphere 

NH4+: Ammonium, is a positively charge cation found in the soil 

NO2-: Nitrite, is a negatively charge anion found in the soil 



 

NO3-: Nitrate, is a negatively charge anion found in the soil and at times in the 

 atmosphere 

 

Organic Forms of Nitrogen 

 

Organic sources of nitrogen include proteins and other complex compounds found 

in living, dead, or decomposing plants and animals. 

 

The Nitrogen Cycle 
 

The conversion of N2 to N compounds and from nitrogen compounds back to N2 is the 

nitrogen cycle.  It has been estimated that it takes from 44 to 220 million years for all 

nitrogen to pass through the cycle.  In 1982, it was estimated that human activities have 

caused an imbalance in the nitrogen cycle that causes an accumulation of nine million 

metric tons per year.  This accumulated nitrogen can cause pollution problems. 

 

Figure 2b shows a simplified nitrogen cycle in an undisturbed, forested area.  In an urban 

area, human activities add sources of nitrogen other than the ones shown here.  Modified 

nitrogen cycles are shown in Chapter 4 for each of the appropriate nitrogen sources. 

 

Losses of Nitrogen 
 

Nitrogen can be easily lost into the environment by various pathways.  Those pathways 

include volatilization, leaching and runoff, and crop removal. 

 

Volatilization, or the gaseous loss of ammonia, may occur under certain conditions with 

ammonia fertilizers.  In situations where the soil is pH alkaline, or where limestone has 

recently been applied on acid soils, applications of ammonium fertilizer may result in the 

transformation of ammonium (NH4) to ammonia (NH3) which may be lost to the 

atmosphere.  Urea fertilizers are particularly likely to volatilize.  This situation can be 

avoided by incorporating these fertilizers into the soil in the case of soils with alkaline pH 

or waiting at least one month after limestone applications to surface apply ammonium 

fertilizers. 

 

Leaching and Runoff are other important sources of nitrogen loss.  Leaching occurs 

when inorganic forms of nitrogen, particularly nitrite (NO2) and nitrate (NO3) are 

solubilized and carried with water through the soil profile or with surface waters.  Factors 

that contribute to nitrite and nitrate leaching or runoff include the following: 

 Heavy, one-time applications of N fertilizers on sandy textured soils. 

 Over applications of manure or sludge to land. 

 Improperly timed applications of N fertilizer. 

 Poorly designed or nonexistent soil conservation measures. 

 Periods of exceptionally heavy rain. 



 

 
Figure A1.  Simplified Nitrogen Cycle 
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Harvest and Mowing are very important ways that nitrogen is lost.  If crops are 

harvested and removed, there is a net loss to the farm’s balance sheet for nitrogen.  

However, if crop residues or lawn clippings are saved and returned to the soil, some of 

the nitrogen will be recycled.   
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Appendix B. Sources of Nitrogen in 
Developed Areas  
 

 

 
Water quality data from large municipalities in North Carolina clearly show that nitrogen 

loading is a problem in streams with entirely urban watersheds.  Therefore, it is necessary 

and equitable for urban areas to address their nonpoint sources of nitrogen.  An additional 

benefit of implementing practices to control nitrogen is that these practices are effective 

for a wide range of other pollutants, such as sediment, heavy metals, oil and grease, and 

bacteria. 

 

Based on the present research, it appears that there are four major sources of nitrogen 

contributed by urban areas.  These sources are: 

 Atmospheric deposition 

 Fertilizer  

 Human waste 

 Animal waste 

 

Atmospheric Deposition  

Scientific evidence shows that atmospheric deposition is a significant source of nitrogen 

loading in urban areas.  In fact, researchers in the Metropolitan Washington area believe 

that have shown that washoff of nitrate deposited on impervious surfaces from the 

atmosphere account for the majority of nitrogen in urban streams (MWCOG 1983). 

 

Although atmospheric deposition occurs on all types of land areas, nitrogen deposited on 

urban areas is more likely to enter surface waters than nitrogen deposited on forests and 

farms.  Urban areas contain impervious surfaces such as roofs, driveways and roads that 

quickly channel runoff and associated pollutants directly to surface waters with no 

opportunity for interception or uptake.  Impervious surfaces that are drained by storm 

sewer systems generally have pollutants carried directly into surface waters.  Urban roads 

also have a greater number of local emissions sources, resulting in greater deposition on 

them than on the landscape as a whole.  Figure 3a illustrates nitrogen pathways for 

impervious areas drained by curb and gutter. 

 

Another reason why atmospheric deposition is a more significant source of nitrogen in 

urban areas is that urban soils are often heavily compacted and thus can function almost 

as an impervious surface themselves.   Information on how to maintain urban soils and 

lawns is offered in the next section. 

    



 

    Figure B1.  Nitrogen Pathways for Impervious Areas Drained by Curb and Gutter 

 
 

 

Impervious areas associated with transportation, such as driveways, roads, and parking 

lots are usually greater sources of nitrogen than rooftops.  Rooftop runoff, particularly in 

residential areas, is usually spread out over pervious yards that are not directly connected 

to the storm drain system.  During smaller storms, rooftop runoff can infiltrate into the 

soil, and less runoff and pollutants are delivered to the stream.   

 

Scientists from the Center for Watershed Protection estimate that the annual TN load 

from a parking lot is 15.4 lb/ac/yr (Schueler 1995).  It is likely that roads with curb and 

gutter have similar export coefficients.  According to recent DWQ estimates, the overall 

annual TN load from urban areas is 6.7 lb/ac/yr (1996).  DWQ’s estimated annual TN 

load includes not only contributions from parking lots and roads, but also nitrogen from 

construction areas, onsite wastewater treatment, and solid waste disposal (DWQ 1996).  

The large difference between the estimated loads suggests that transportation-related 

imperviousness is a significant source of nitrogen. 

 

There is also evidence that nitrogen loads increase as average daily traffic volume 

increases.  Runoff monitoring by the Federal Highway Administration (1990) indicates 

that highways with average daily traffic volume below 30,000 were found to have a 40% 

lower concentration of nitrate-N than highways with average daily traffic volume 

exceeding 30,000. 

 



 

In summary, the available data indicate that:   

 The transport of atmospheric nitrogen from land to surface waters is a major 

contributor of nitrogen to urban streams, and 

 Reducing transport-related imperviousness in urban areas is likely to play a important 

role in reducing the deposited nitrogen that moves from urban land to surface waters.   

 Minimizing the use of curb and gutter with storm sewer will also reduce the deposited 

nitrogen that moves from urban land to surface waters, and 

 Reducing vehicle use in urban areas will reduce the amount of deposited nitrate 

nitrogen that could possibly be transported to surface waters. 

 

In addition to reducing the amount of nitrogen moving into surface waters, reducing 

transportation-related imperviousness, minimizing curb and gutter, and reducing vehicle 

use all save money.  For example, the cost of providing residential infrastructure such as 

roads, sidewalks, driveways, and parking spaces, generally constitutes about half of the 

cost of residential subdivision (Schueler 1995).   

 

Reducing road widths, parking lot sizes, and the use of curb and gutter are important 

steps to reduce the contribution of nitrogen from atmospheric deposition.  In addition, 

these measures will reduce loadings of many other pollutants, including phosphorous, 

bacteria, oxygen-demanding substances, and heavy metals.  The next chapter on new 

approaches for planning development describes steps that can be taken on a larger scale 

to reduce overall impervious area. 

  

Fertilizers 
 

Well-managed lawns and landscaped areas help protect water quality in urban areas by 

reducing soil erosion, moderating air temperatures, and filtering pollutants.  However, the 

fertilizers used to maintain these natural areas can pollute urban waters.  An important 

component of improving fertilizer and pesticide use in urban areas is public awareness 

and education. 

 

Studies suggest that a large number of lawn acres are regularly fertilized without 

determining the need for nutrient addition.  A study found that 79% of Virginia 

homeowners use fertilizers, but less than 20% of them had their soil tested (Aveni 1994).  

This study found that product labels are the number one information source for 

homeowners, while the Cooperative Extension Service ranked last.  While all labels 

indicate how many square feet the label should cover, each takes a different approach on 

how often the product should be applied.  Most label instructions do not mention soil 

testing. 

 

The nitrogen cycle of fertilizer used on urban lawns is diagrammed in Figure 3b. 

 

 



 

    Figure B2.  N Cycle of Fertilizer Use on Urban Lawns 

 
 

Considering privately and publicly managed lawns, Schueler estimates that about a third 

of all vegetated areas in the urban landscape can be classified as “high input,” meaning 

that they receive high rates of irrigation and fertilizer application (1995). 

 

Based on studies by the Center for Watershed Protection (Barth 1995): 

 homeowners fertilizing their own lawns apply 44-261 pounds/acre/year of nitrogen  

 home lawn companies apply 194-258 pounds/acre/year of nitrogen. 

 

Although many homeowners are applying fertilizers with incomplete information, lawn 

care companies appear to be applying an equal or greater amount of fertilizer.  Lawn care 

companies usually offer service plans that consist of five or more visits per year.  Unless 

a customer specifically requests a soil test or a special application rate, most lawn 

companies give every lawn serviced the same rate of fertilization (Morton 1988). 

 

The travel distance between lawns and impervious areas can be short.  Lawns with 

compacted soil, bare spots, steep slopes, and channelized areas have increased flow of 

fertilizer off the lawn.  Leaching can also be a significant source of nitrogen in areas with 

sandy soils where lawns are overwatered and overfertilized (Cohen et al. 1990).  In areas 

where soils are highly compacted, fertilizer can run off lawns easily.  Also, lawns in 

urban areas are frequently interlaced with driveways, roads, and parking lots, which 

increase the chance for fertilizer to enter into storm sewers. 

 



 

A review of three nitrate-leaching studies by turfgrass researchers generally shows that 

grass, when managed properly, can retain nitrogen fertilizer at the soil surface or within 

the root zone and thus prevent soluble nitrates from percolating downward into the 

environment.  All soils were sandy or silty loam.  The results of the study are given in 

Table 3a.  This research strongly suggests that efforts to educate homeowners about lawn 

care should stress the critical connection between fertilization and overwatering.  The 

concept that careless watering can flush nitrogen throughout the soil and away from the 

grass should be strongly emphasized on both economic and environmental grounds. 

 

Another important factor that affects fertilizer use is soils.  Development usually involves 

grading the entire site, removing topsoil, erosion during construction, compaction by 

heavy equipment, and filling of depressions. Thus, urban soils tend to be highly 

compacted, poor in structure, and low in permeability.  As a result, urban areas often 

produce more runoff than before they were disturbed and thus have more potential to lose 

fertilizer.  A good lawn care program should also address soil building. 

 

Some management strategies that would contribute to a reduction in urban nitrogen from 

fertilizer use are: 

 Use fertilizers that are composed of slow-release sources of nitrogen.  Products 

containing slow-release sources of nitrogen are usually called one or more of the 

following terms:  water-insoluble, slow-release, controlled-release, or slowly-

available water soluble.  

 Lightly water after fertilizer application to allow penetration and reduce the potential 

for runoff.   

 Use drop (gravity) type spreaders rather than centrifugal (rotary) type spreaders so 

that fertilizer will not be deposited on impervious surfaces. 

 Aerate lawns to reduce surface runoff.  Also, aeration results in a healthier lawn that 

does not require as many nutrient inputs.  Aerating the soil can reduce the potential 

for nitrogen export when the soil is compacted or the lawn is on a slope or in a natural 

drainage area. 

 Select the appropriate grass species to reduce the need to add nitrogen to the lawn. 

 Water lawns only when they need it.  When lawns are very thirsty, grass will lie flat 

and leave footprints when walked on, shrubs will droop or drop leaves and look 

wilted.  Watering less often actually promotes deeper, more tolerant root systems 

(Alliance for the Chesapeake Bay 1994). 

 Do not fill fertilizer applicators over a hard surface.  Make sure that the spreader is 

off when passing over driveway, sidewalk, patio, etc.  Clean up any spills 

immediately. 

 Expansive lawn areas can be replace with equally attractive, efficient landscape 

alternatives, such as appropriate shrubs or ground covers that require less 

maintenance (Alliance for the Chesapeake Bay 1994). 

 Involve the public and golf community in decisions that affect water quality.  Perhaps 

they would be willing to accept a few brown patches in exchange for knowing that 

the course is not harming water quality. 



 

Table B1. Nitrate Levels in Soil Water Depending on Turf Management Strategies  
  (from Schueler 1994) 

Grass 
type 

Irrigation Management 
N 

applied 
(lbs/ac/y

r) 

N 
conc. 
(mg/l) 

Researcher 

Tall 
Fescue/ 
Bluegrass 

not watered Clippings 
removed 

none 0.33 Gross et al. 
1990 
Maryland 

Bluegrass overwatered Clippings left none 0.36 Morton et al. 
1988 
Rhode Island 

Bluegrass slightly 
watered 

Clippings left none 0.51 Morton et al. 
1988 
Rhode Island 

Tall 
Fescue/ 
Bluegrass 

not watered Granular fert. 
Clippings 
removed 

196 0.85 Gross et al. 
1990 
Maryland 

Bluegrass slightly 
watered 

Clippings left 86 0.87 Morton et al. 
1988 
Rhode Island 

Tall 
Fescue/ 
Bluegrass 

not watered Liquid fert. 
Clippings 
removed 

196 1.02 Gross et al. 
1990 
Maryland 

Kentucky 
bluegrass 

watered Seeded 
clippings left 

194 1.09 Geron et al. 
1993 
Ohio 

Bluegrass slightly 
watered 

Clippings left 217 1.24 Morton et al. 
1988 
Rhode Island 

Bluegrass overwatered Clippings left 86 1.77 Morton et al. 
1988 
Rhode Island 

Kentucky 
bluegrass 

watered slow release 
clippings left 

194 1.84 Geron et al. 
1993 
Ohio 

Kentucky 
bluegrass 

watered early season 
fert. 
Clippings left 

194 2.27 Geron et al. 
1993 
Ohio 

Kentucky 
bluegrass 

watered late season 
fert. 
Clippings left 

194 2.30 Geron et al. 
1993 
Ohio 

Kentucky 
bluegrass 

watered fast release 
clippings left 

194 2.74 Geron et al. 
1993 
Ohio 

Kentucky watered Sodded 194  3.50 Geron et al. 



 

bluegrass clippings left 1993 
Ohio 

Bluegrass overwatered Clippings left 217 4.02 Morton et al. 
1988 
Rhode Island 

 

Human Waste 

Conventional septic systems are comprised of a septic tank, a distribution system, and a 

soil absorption system.  In the septic tank, anaerobic bacteria digest organic matter, solids 

settle to the bottom, and low-density compounds such as oil and grease float to the water 

surface.  Partially-treated wastewater then leaves the septic tank and enters the 

distribution box, where it is discharged into the soil absorption systems, also know as the 

drainage field.   

 

In the drainage field, effluent percolates through the soil and remaining pollutants -- 

nutrients, suspended solids, bacteria, viruses, and organic/inorganic compounds -- are 

removed by filtration, adsorption, and microbial degradation (AGWT 990).  The 

absorption system consists of a network of perforated pipes located in shallow trenches 

covered with backfill.  Gravel usually surrounds the piped to encourage even distribution 

of the effluent into soil.   

 

Even properly functioning septic systems can deliver significant pollutant loads to 

groundwater.  The most common shortcoming of conventional septic systems is their 

inability to remove much nitrogen.  It is not uncommon for the effluent leaving a typical 

system to have a total nitrogen concentration of 40 to 60 mg/l, primarily in the form of 

ammonia and organic nitrogen (CBO 1992).  Once in the drainage field, organic nitrogen 

forms are easily converted into nitrates, which are quite soluble and easily mobilized, 

thus increasing the potential for ground and surface water contamination. 

 

Some problems with septic system performance are related to what goes into them.  

Household chemicals entering a septic tank can kill organic-consuming bacteria or cause 

sludge and scum to be flushed out into the drainfield.  Such chemicals can include 

various readily available septic system additives, which ironically are advertised as 

having the ability to improve system performance.  Not only are some household 

chemicals detrimental to the septic system itself, but they often reach ground or surface 

waters where they cause toxicity problems.   

 

Normal amounts of detergents, bleaches, drain cleansers, and toilet bowl deodorizers, 

however, can be used without causing harm to bacterial action in the septic tank (AGWT 

1990).  Properly operating septic systems must be located in a way to ensure both lateral 

distance between surface waters and vertical separation to groundwater.  Also, drainfield 

areas must become larger when soils are not permeable or slopes are steep.  Larger 

volumes of wastewater require larger drainfields.   

 



 

Unfortunately, many conventional septic systems have been constructed in areas poorly 

suited for their proper operation.  Many were installed before the need for separation 

distance was understood or because no other wastewater treatment option was available.   

Septic systems are suspected of contributing nutrients through subsurface flow.  

Malfunctioning systems may increase the nutrient loading beyond the assimilative 

capacity of the site soils and vegetation.  This may result in excess nutrients being 

conveyed to surface waters via groundwater and subsurface flow of infiltrated 

stormwater.  To reduce the contribution of nutrients from septic systems, the following 

measures are recommended: 

 

While alternative systems have some benefits over conventional septic systems, it is 

important to recognize that no system can simply be installed and forgotten.  Regular 

inspection and maintenance is a necessity.  For example, septic tanks should be 

periodically pumped out, since solids and sludge tend to accumulate over time.  North 

Carolina does not require regular pumpouts of conventional septic systems. 

 

Alternative on-site wastewater treatment designs are attractive because of their decreased 

reliance on site conditions and their ability to remove pollutants that cannot be removed 

by conventional systems.  Two options that are particularly promising for nitrogen 

removal are recirculating sand filters and constructed wetlands. 

 
Table B2.  Pollutant loadings from Septic Systems (Schueler, 1995)  

On-site 
wastewater 
treatment 
system 

TN       
(%) 

TSS      
(%) 

BOD     
(%) 

Pathog
ens 

(Logs) 

Capital   
($/house) 

Maint.  
($/house/

yr) 

Conventional 
septic system 

28 72 45 3.5 $4,500 $70 

Recirculating sand 
filter 64 90 92 2.9 $3,900 $145 

Constructed 
wetlands 

90 80 81 4.0 $710 $25 

 

 

To reduce the contribution of nitrogen from septic systems, the following measures are 

recommended: 

 Homeowners should not use garbage disposals or pour grease down the drain. 

 Septic systems should be inspected at least once every two years and pumped as 

needed (time interval varies with size, use, and operation). 

 DWQ, DEH, and local health departments should increase educational efforts for 

homeowners to properly operate and maintain septic systems and other on-site 

wastewater treatment systems. 



 

 DWQ, DEH, and local health departments should encourage installation of innovative 

on-site wastewater treatment systems where they are appropriate and where there is a 

commitment to ongoing care and maintenance. 

 DWQ, DEH, local health departments, and community groups should increase 

surveillance of their local streams to help to identify areas where on-site wastewater 

treatment systems are failing. 

 

Another source of nitrogen from human waste is overflowing sanitary sewers.  Often, 

maintaining infrastructure such as sanitary sewers does not receive a high priority for 

funding.  Sometimes flow data at wastewater treatment plants indicates that there is a 

problem with leaking sewer lines, however it is extremely difficult to pinpoint the sources 

of the problem.  It is recommended that this issue be addressed in this model program by 

educating citizens about how to detect and report an overflowing sanitary sewer line 

. 

Animal Waste 
 

Like human wastes, pet wastes also present a concentrated source of nutrients, bacteria, 

and oxygen-demanding substances.  If these wastes are not disposed of properly, they 

often enter storm sewers without any treatment.  In fact, some pet owners actually deposit 

their pet’s waste into storm drains.  Figure B3 shows the nitrogen cycle of pet wastes in 

urban areas. 



 

 
   Figure B3.  N Cycle of Pet Waste in Urban Areas 

 
 

To reduce the contribution of nitrogen from pet wastes, the following measures are 

recommended: 

 Pet owners should use proper disposal methods such as putting waste in the trash 

(some landfills prohibit animal wastes) or burying waste in the yard or using a pre-

fabricated pet waste disposal unit (this may relocate the contribution from surface to 

subsurface nutrient loading). 

 The public should be educated about proper methods of disposing of pet wastes. 

 Storm drain stenciling can remind citizens that storm drains go directly to streams. 

 Local ordinances should require proper pet waste disposal. 
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Appendix C. Process of Developing the 
Model Stormwater Program 
 

 
 
The Neuse Stormwater Team has played a key role in developing the model program for 

controlling nitrogen from urban stormwater in the Neuse basin.  Local governments have 

worked in cooperation with DWQ staff to create a model program that is technically 

sound and implementable.  In summer 1999, this program, along with the Team’s 

recommendation, will be submitted to the Environmental Management Commission for 

their approval.  Once approved, the program will serve as a model for all municipalities 

and counties in the Neuse River basin that are required to develop a local stormwater 

program for nitrogen control. 

 

The team met once a month, usually on the third Thursday, to develop the model 

program.  Different local governments hosted each meeting in their jurisdiction’s 

facilities. 

 

The participants agreed to the following responsibilities as team members: 

1. Follow-through on commitments to the Stormwater Team, including completing 

background reading, preparing information and reviewing team proposals. 

2. Report back to the jurisdiction/group they are representing on the progress of the 

Stormwater Team and bring feedback back to the team. 

3. Provide constructive input into the strategies that are developed by the Stormwater 

Team. 

4. Work within their appropriate realm of influence to contribute to the successful 

implementation of the local stormwater program developed by the Stormwater Team. 

5. Host at least one stakeholder meeting if possible. 

 

The deliverable of the Neuse Stormwater Team is this model stormwater management 

program, which will consist of the following: 

1. A model program for evaluating new developments to determine if they meet 

nitrogen control standards. 

2. Model criteria for identifying appropriate retrofit sites. 

3. Guidance for implementing an illegal discharges program.  

4. A model educational program to reduce nitrogen in urban stormwater. 

 
Team members divided themselves into three workgroups as follows: 

 New Development Review/Approval 

 Public Education 

 Stormwater Retrofits/Illegal Discharges 

 

The majority of the work involved in gathering information and formulating proposals 

occurred in the three workgroups.  Each of the workgroups had a “facilitator” (either 

from the Division of Water Quality or the Cooperative Extension Service) who was be 



 

responsible for keeping discussions running smoothly.  The workgroups will be largely 

responsible for setting their agendas and priorities.  However, they also had input from 

the larger team. 

 

All decisions about the model stormwater program were made in a forum that included 

the entire team.  All decisions about the model program were made by consensus.  
 

The Stormwater Team met at least once a month between March 1998 and June 1999.  

During that time, the team developed the model stormwater program.  The model was 

presented to the Water Quality Committee (WQC) on July 7, 1999.   The WQC, upon the 

recommendation of some of the stakeholders, requested that the team reconvene for an 

additional 60 days to resolve some outstanding issues.  The Stormwater Team and the 

workgroups held several meetings in July and August.   All outstanding  issues were 

resolved to the satisfaction of the stakeholders in attendance at the final meeting on 

August 27, 1999.  The model will be presented to the WQC on September 8, 1999.  Upon 

their approval, the plan will be presented to the Environmental Management Commission 

(EMC) for final approval on September 9, 1999. 

 

The Stormwater Team will continue to meet at a minimum of once a year in August 

(before the annual reports are due).  The team may meet more often if it so chooses. 
 
Approach for Meeting the New Development Review/Approval 

Requirements 
 

At an early meeting, the New Development Workgroup set up some goals they called 

“yardsticks” for their model program.  These yardsticks, or RUMBA, are the criteria that 

the workgroup expects the model stormwater program to meet.  These goals shaped the 

discussion and decisions of the New Development Workgroup on issues regarding 

regulation of new development.  The yardsticks are listed in Table 1a below. 

 
Table C1:  Yardsticks for the New Development Workgroup 

Reasonable  Acceptable to Community 

 Flexible 

 Cost-effective 

Understandable  Can be translated into specific technical guidance 

Measurable  Meets the intent of the rule 

Big Picture  Provides incentives for planning 

 Consistent with existing regulations 

 Considers future regulations 

 Considers other issues like transportation, safety, air 
quality, etc. 

Achievable  Implementable 

 Enforceable  

 Can be maintained 



 

 
One of the challenges that the New Development Workgroup faced was information 

management.  The workgroup’s responsibility was to ensure that new development meets 

the rule requirements, including specific nitrogen export goals.  There were two 

important tasks that the workgroup had to complete in order to meet the rule 

requirements:    

1. Quantifying the nitrogen loading from different types of urban land uses.   

2. Quantifying the nitrogen reductions that can be expected from various types of 

management practices. 

 

The workgroup quickly found that it did not have ideal information to make these crucial 

decisions.  Much of the data on the nitrogen loadings from urban areas covered fairly 

large and diverse watersheds and was not readily translated to individual developments.  

Additionally, some of the data was over 20 years old and some was collected from 

different regions of the country that the workgroup believed may not apply readily to the 

Neuse River basin.  In addition, each study collected data on different forms of nitrogen 

and, in some cases, the workgroup believed that monitoring techniques were suspect. 

 

The workgroup decided to utilize nitrogen loading data collected from the municipalities 

in this region of the state with populations exceeding 100,000.  These municipalities are 

currently required to have a federal NPDES permit for their stormwater collection and 

discharge systems.  One of the requirements of their permits is a stormwater monitoring 

program.  The subject municipalities selected monitoring sites that represent specific 

types of urban development;  for example, low and high density residential, commercial 

and industrial.  Besides being applicable to this region and representing specific types of 

development, the large municipalities’ monitoring data was all less than five years old. 

 

Determining the nitrogen removal expected from BMPs was also a challenge.  As 

Chapter 2 describes, nitrogen is a difficult pollutant to remove once it has entered the 

environment.  The only way to completely remove it from the system is through 

denitrification.  Denitrification requires a chain of natural events that is dependent on the 

presence of denitrifying bacteria, organic material and appropriate levels of oxygen, 

water table and temperatures.  It is difficult to ensure that stormwater BMPs installed in a 

natural system consistently achieve high nitrogen removals. 

 

Based on their research, the workgroup concluded that one of the best ways to manage 

nitrogen is NOT to remove it after it is transported from a development, but to design the 

new development to reduce the transport of nitrogen away from the development.  Based 

on the information presently available, the group concluded that the nitrogen load that 

development transports to surface waters can be reduced by permanently protecting open 

space in the development and reducing the amount of impervious surface in a 

development. 

 

The workgroup collected data on different types of BMPs based on studies conducted in 

the Southeast (states of MD, VA, NC, SC and FL).  The credit given for nitrogen removal 

is equivalent to the average of the removals found in various studies.  As the charts in 



 

Section 5-E show, the removal rates found from similar BMPs vary widely in different 

studies. 

 

The workgroup also discussed maintenance of BMPs.  There was consensus that 

maintenance of BMPs is vital to their ongoing performance and that this will not be 

accomplished without appropriate policies in place. 

 

Approach for Meeting the Illegal Discharge Requirements 
 

In crafting the model program for Illegal Discharges, the Neuse Stormwater Team relied 

heavily on the experiences of the communities that have already been implementing 

Illegal Discharge programs under their Phase I NPDES Municipal Stormwater Permits 

(Raleigh and Durham).  The main goal of the team was to find the most cost-effective 

and efficient means of preventing, identifying and removing Illegal Discharges.   

 

The team’s goal for a cost-effective and efficient program is reflected in the following 

aspects of the model Illegal Discharges program: 

 Local governments are not being asked to create new maps of their jurisdictions 

showing locations of infrastructure, land uses, surface waters, etc.  Instead, they are 

required to compile existing information so it can be consulted efficiently when 

needed. 

 Each year, local governments are required to select a high priority area (consisting of 

at least ten percent of their jurisdictions) where they will focus their mapping and 

field screening efforts.  The stormwater collection system mapping and field 

screening will be done only in the high priority areas, not across the entire 

jurisdiction.  This approach also attempts to build in equitability in that the size of the 

high priority area will be proportional to the size of the overall jurisdiction. 

 Local governments are required to establish an Illegal Discharges Hotline.  This effort 

requires minimal resources but, based on the experiences of Raleigh and Durham, is 

effective at identifying illegal discharges.  When the discharge is of an episodic 

nature, it may be the only way to identify an illegal discharge. 

 



 

Appendix 2a. Development of Nitrogen 
Export Methodologies 
 

 
 

Method for Quantifying TN Export from New Developments 
       

1. Based on water quality monitoring data from Fayetteville, Raleigh and Durham, 
estimate that: 

 Cpervious  1.4 mg/L    
 Cimpervious  2.6 mg/L    
       

2. Utilize Schueler's "Simple Method" for determining pollutant export in lbs/ac/yr 
from new development: 

 L = [ (P) (Pj) (Rv) / 12] (C) (2.72)    
 where:       
    P =  42 in (rainfall expected in one year) 
    Pj = 0.9  (correction factor for storms 

w/no runoff) 
    Rv = 0.05 + 

0.009*I 
 (runoff coefficient, the fraction 
of rainfall  

    converted to runoff, I = percent 
impervious) 

    C = 1.4 to 2.6 mg/L (flow-weighted mean 
concentration of the 

    pollutant -- see 
above) 

 

       
3. Figure out the concentrations and export coefficients associated with different 
percentage impervious covers on a right-of-way or lot. 
         

 Portion C * Exp. Coeff. 
** 

   

 Impervious (mg/L) (lbs/ac/yr)    

 0% 1.40 0.6    
 10% 1.52 1.8    
 20% 1.64 3.2    
 30% 1.76 4.8    
 40% 1.88 6.6    
 50% 2.00 8.6    
 60% 2.12 10.7    
 70% 2.24 13.1    
 80% 2.36 15.6    
 90% 2.48 18.3    
 100% 2.60 21.2    



 

 * This is a weighted average of the pervious and impervious 
concentrations given in Step 1. 
 ** This results from applying the formula given in Step 2 with the 
appropriate concentration. 

 

4. Graph the result to get relationship between percentage of right-of way that is 
pavement and TN export in lbs/ac/yr. 
       

       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       

5. Utilize information from the City of Raleigh on percent impervious cover expected 
on each lot for various zoning categories. 
          

       

 Dwelling 
units 

Portion  C * Exp. Coeff. 
** 

  

 per acre Impervious (mg/L) (lbs/ac/yr)   

 0 0.00 1.40 0.6   
 1 0.14 1.57 2.4   
 2 0.22 1.66 3.5   
 4 0.30 1.76 4.8   
 6 0.35 1.82 5.7   
 8 0.38 1.86 6.2   
 10 0.41 1.89 6.7   
 12 0.43 1.92 7.2   
 14 0.45 1.94 7.6   
 16 0.47 1.96 8.0   
 18 0.49 1.98 8.3   
 20 0.50 2.00 8.6   
 30 0.55 2.06 9.6   
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 * This is a weighted average of the pervious and impervious 
concentrations given in Step 1. 
 ** This results from applying the formula given in Step 2 with the 
appropriate concentration. 
       

6. Graph the relationship between number of dwelling units per acre and TN export 
in lbs/ac/yr. 
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Appendix 2b. Land Use Planning and 
Design Techniques 
 

 

 
Reducing Road Widths 

 

Most local governments model their residential street design standards after state and/or 

federal highway criteria, although the traffic capacity and function of their street system 

is considerably different from highways.  Very few communities recognize any local road 

categories that are different from established state and federal street categories.  Many 

local traffic engineers have simply accepted the notion that wider streets adequately 

address these concerns and that wide streets are safe streets (Schueler 1995). 

Narrower road widths can reduce the road surface area by up to 35 percent.   

 

A number of communities have experimented with narrower residential streets and have 

found them to be an attractive and safe alternative.  See Appendix 5e for an example.  

 

Communities should also review their standards for turnarounds, which can also be 

excessive.  The most common turnaround geometry is a cul-de-sac that may have a 

diameter of 80 to 100 feet or more (Schueler 1995).  Some communities are recognizing  

that this is excessive and are choosing alternatives that create less impervious cover, such 

as T-shapes.  A 60-foot by 30-foot T-shaped turnaround creates only about 9% as much 

impervious area as an 80-foot diameter cul-de-sac and is more than adequate for most 

vehicles. 

 

Local governments should examine community regulations governing road width and 

turnaround size.  Evaluate if the specified widths are necessary and make changes if 

appropriate 

 

Reducing Minimum Parking Requirements 

Parking lots are often designed to handle the heaviest days of the year.  For example, 

shopping center parking areas are often big enough to handle the busy holiday times, but  

then sit vacant for much of the rest of the year.  In addition to greatly increasing the 

nitrogen load (as opposed to maintaining open space), these large parking lots are 

unattractive and expensive. 

 

Some management strategies that would contribute to a reduction in urban nitrogen from 

parking lots: 

 Use angles and smaller parking spaces.   

 Consider using more pervious construction materials in seldom-used parking areas 

(Land of Sky 1995).   

 Provide public transportation to shopping centers during the peak holiday times and 

encourage people to use it. 



 

 Design parking areas to drain in sheet flow into stable vegetated areas. 

 

Minimizing Use of Curb and Gutter 

Runoff is conveyed along streets in one of two ways, either (a) in an open grass channel 

located in the right of way, or (b) in an enclosed storm drain located under the street or 

right of way.   The use of an open channel or storm drain in a particular street is 

determined by a number of factors, such as drainage area, slope, length, housing density, 

and street type.  Open channels can be used on smaller streets, but at some point runoff 

velocities become too erosive to be safely handled in an earthen channel and they must be 

enclosed in a storm drain.  This erosive velocity is typically around 4 feet per second.  A 

channel’s maximum velocity is generally defined and computed using the peak discharge 

rate under the two year design storm event. 

Open channels can have many stream protection benefits.  For example, stormwater 

pollutants are filtered through grass and soil as they pass through the channel.  

Performance monitoring has shown that open channels only realize these benefits under 

ideal conditions (e.g., low slope, sandy soils, dense grass cover, etc.).  When these 

conditions are not met, drainage channels can have a low or even negative removal 

capability for many pollutants.  

 

Only recently have engineers recognized the value of designing open channels explicitly 

for pollutant removal during small and moderate-sized storm events.  Depending on the 

depth to the water table, they are known as either grass channels, dry swales or wet 

swales.  Checkdams, underdrains, stone inlets, prepared soil mixes and landscaping are 

also used to enhance the pollutant removal capability of swales.  The use of grass 

channels or swales along residential streets is an economical and effective element of a 

BMP system, as long as the critical erosive velocity is not exceeded.  In addition, open 

channels must be designed to prevent standing water, to ensure that mowing is 

convenient, and to avoid odors, mosquitoes, or other nuisances associated with standing 

water. 

 

Even the moderate vertical break of a curb shelters airborne pollutants that blow in by the 

wind.  Thus, dust, pollen, leaves, grass clippings, and other nitrogen-rich organic matter 

can be trapped by the curb, where they remain until they are washed into the storm drain 

system. 

 

Some management strategies that would contribute to a reduction in urban nitrogen from 

roadside drainage systems are: 

 Minimize the use of curb and gutter and maximize the use of vegetated swales.   

 If curb and gutter is necessary, consider frequent curb cuts to divert manageable 

quantities of runoff into stable vegetated areas for infiltration.  (Land of Sky 1995).  

 Develop a site/landscaping plan that uses landscaped areas for infiltration or 

detention/retention areas (bioretention).   

 Instead of grass that requires chemical applications, use trees, shrubs, ground cover, 

mulch or other materials that require little or no chemical applications. 

 



 

Allowing Cluster or Open-Space Developments 

Cluster or open-space developments rearrange density on each development tract as it is 

being planned, so that a lower percentage of the buildable land is consumed by building 

lots and streets.  This allows land to be permanently protected and added to an 

interconnected network of green spaces and corridors criss-crossing the town or county. 

 

This approach respects private property rights and the ability of developers to create new 

homes for the expanding population. Such developments are “density-neutral” since the 

overall number of dwellings allowed is not less than it would be in a conventional 

development.  This lessens the adverse impact on the remaining natural areas and cultural 

resources that make our communities such special places to live, work, and recreate.  

Numerous national recreational surveys have documented that taking short walks is one 

of the most frequent and popular forms of recreation enjoyed by Americans (Arendt 

1996).   

 

The most important step in designing an “open space subdivision” is to identify the land 

to preserve.  “Primary Conservation Areas” include unbuildable wetlands, waterbodies, 

floodplains, and steep slopes.  “Secondary Conservation Areas” include mature 

woodlands, upland buffers around wetlands and waterbodies, prime farmland, natural 

meadows, critical wildlife habitats, and sites of historic, cultural or archeological 

significance.  At least half of the open space should be retained as woodlands or 

meadows.  The rest of the open space may be more intensively managed as a ballfield or 

playground. 

 

Cluster developments can reduce road lengths by 50 to 70 percent (Arendt 1993).  At an 

average cost of over $100 to construct a linear foot of road, such reductions are extremely 

cost-effective.  The reduction in road length also reduces the need for stormwater 

controls.  The developer will realize a significant savings in the smaller size and capacity 

needed for storm drain pipes and best management practices.   The overall reduction in 

capital costs associated with these developments is 10 to 33 percent (Schueler 1995). 

 

Property owners can realize indirect economic benefits from reduced impervious cover. 

While a host of factors influence future residential property values, some evidence 

indicates that homes located adjacent to well designed and maintained open or green 

space do appreciate at a faster rate than traditional subdivision properties.  This premium 

has been found to range from 5 to 32 percent, according to Land Ethics (1994).  Another 

study in Massachusetts indicated that homes in cluster subdivisions with open space 

appreciated 13% more in value than similar homes in conventional subdivisions over a 

21-year period (Arendt 1993). 

 

For local governments, it is typically more expensive to construct and provide public 

services on large residential lot developments compared to smaller ones.  Clustered 

developments can greatly reduce the length of water and sewer pipes and roads that local 

governments have to construct and maintain. 

 



 

Allowing Traditional Neighborhood Developments 

Traditional neighborhood developments are designed so that dwellings, shops, and 

workplaces are in close proximity.  They follow a rectilinear pattern of streets and blocks 

arranged to provide interesting routes of travel that also accommodate and promote 

pedestrian travel and bicycle travel rather than automobile travel.   These developments 

also include greenways, landscaped streets, churches, stores, schools, and parks woven 

into the neighborhood for social activity, recreation, aesthetics, and environmental 

enhancement. 

 

One of the most important features of traditional neighborhood developments that affects 

water quality is their compactness.  As these developments expand, they maintain their 

compact, rectilinear layout and their accessibility. Another environmental advantage 

offered by traditional neighborhood developments is that they facilitate public 

transportation routes.  See Figure 5a below for a diagram of a traditional neighborhood 

development. 

 

Those traditional neighborhood developments that not only offer environmental benefits 

may they also offer economic benefits.  The increased value of real estate in a traditional 

development is illustrated in Raleigh.  The “inside the beltline” neighborhoods in Raleigh 

that have city blocks, greenways, and accessibility to shopping areas, on the average, sell 

for 40 percent more per square foot than homes in North Raleigh subdivisions (pers. 

comm. Marilyn Marks, Simpson and Underwood Realtors, 1997).   

 



 

Figure 2b1.  Maytown Before and After (adapted from Stimmel Associates, 1993) 

A.  Maytown developed around

a central square with a grid street

pattern.  Development was compact

and there was a distinct separation

between the village and the

surrounding countryside.

B.  The development that has occurred

over the past 30 years is not

compatible with the original village.

Curvilinear street and cul-de-sacs

have replaced the traditional grid

street pattern.  The separation between

the village and the surrounding

countryside have been lost.

C.  The same amound of development

could have been accommodated in a

pattern that complements the original

village.  All residents could have been

within walking distance of the center

square, community facilities, and

parks.
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A.  Maytown in 1900 C.  Maytown as it could have been.B.  Maytown today.

 





 

Appendix 2c. Summary of BMP Literature Studies 
 

 
 

Wet Ponds 
 
Summary of Research Conducted in the Southeast, 1983 - Present 

 
Study Location No. of 

Samples 
Drainage 
Area 

Land use TN 
(%) 

ON 
(%) 

NH4 
(%) 

TKN 
(%) 

NO3 
(%) 

Notes 

Borden et al., 1998 NC 22 1258 ac farmland 16 --- 2 --- 16 used continuous samplers during storms 
total P=46% DP=58% 

Borden et al., 1998 NC 25 1221 ac industrial 36 --- -64 --- 66 total P=40% DP=15% 
City of Austin, 1991 TX 14 381 ac  39 --- 28 26 45  
City of Austin, 1996 TX 7 27.1 ac Industrial, 

66% imp. 
19 --- --- 47 -17 WQV = 0.5 

Cullum, 1985 FL 9 122 ac comm. 15 --- --- --- 80 3.11 in/ac 
Dorman et al., 1989 FL 6 26.3 ac highway --- --- --- 68 97 2.35 in/ac 
Driscoll, 1983 MD 32 48 ac --- 37 --- --- 27 --- 1.27 in/ac, high algal uptake 
Gain, 1996 FL 22 41.6 ac --- 16 20 17 --- 24 0.55 watershed-inches of storage 
Holler, 1989 FL 8 105.7 ac mall  --- --- 55 58 87 First 1” of runoff, detention storage 

volume = 2.2”, 90% impervious watershed 
Kantrowitz and 
Woodham, 1995 

FL 6 1280 ac 
 

--- --- 2 40 --- 23 0.21-0.26 watershed-inches of  
storage 

Martin, 1988 FL 11 41.6 ac highway 30 34 34 --- 28 0.55 in/ac 
MWCOG, 1983 VA 28 88 ac --- 10 --- --- --- 9  
OWML, 1983 (b) VA 29 27.1 ac --- 32 --- --- --- --- 1.22 in/ac 
Wu, 1989(a) NC 11 437 ac res. --- --- --- 21 --- 0.33 watershed-inches, 38% impervious 

watershed 

Wu, 1989(b) NC 11 65 ac mixed 
res. 

--- --- --- 32 --- 7.1 watershed-inches, 46% impervious 
watershed, geese pop. increased N 
values 

Yousef et al., 1986 FL 30-40 49 ac mixed --- --- 82 --- 87 3.65 in/ac, multiple-cell pond 
AVERAGES --- --- --- --- 25 19 24 40 45  

 

 



 

Stormwater Wetlands 
 
Summary of Research Conducted in the Southeast, 1983 - Present 

 
Study Location No. of 

Samples 
Drainage 
Area 

Land use TN 
(%) 

ON 
(%) 

NH4 
(%) 

TKN 
(%) 

NO3 
(%) 

Notes 

Athansas and 
Stevenson, 1991 

MD  16 ac School roof, 
p. lot, field 

23 -5.4 56 --- 55 0.5 in/ac 

Rushton et. Al, 1995 FL 37-42 6.5 ac Office park -- 43 72 --- 73 Res. Time = 14 days, 1 watershed-inch 
Athanas and 
Stevenson, 1986 

MD  97 ac  --- --- 43 --- 35 0.1 inch/ac, extended detention WL 

Egan et. Al, 1995 FL 15 121 ac Industrial 63 --- --- 63 75 Packed bed filter – 0.1 to .05 acre-ft of 
runoff treated per day 

OWML and GMU, 
1990 

VA  40 ac Res/comm, 
30% imp. 

36 --- 68 81 68 0.1 watershed-inch, extended detention 
WL 

Rushton and Dye, 
1993 

FL 23-27 6 ac Office park --- 3 20 --- 67 WQV = 0.5 inch of runoff, mean res. Time 
= 3.7 days, C= 0.32 

Blackburn et al., 1992 FL 72 2340 ac Golf course --- --- 15 12 26  
AVERAGES --- --- --- --- 41 14 46 52 57  

 
 

Sand Filters 
 
Summary of Research Conducted in the Southeast, 1983 - Present 

 

Study Location No. of 
Samples 

Drainage 
Area 

Land use TN 
(%) 

ON 
(%) 

NH4 
(%) 

TKN 
(%) 

NO3 
(%) 

Notes 

Bell et. Al, 1995 VA 20 0.7 ac 
 

Parking lot 47 --- --- 71 -53 Perimeter sand filter, 95’ length, filter bed 
area = 238 sq. feet 

Welborn and Veehuis, 
1987 

TX 22 80 ac Commercial 27 --- --- 57 -100 Surface sand filter 

City of Austin, 1990 TX 18 79 ac Mall – 86% 44 --- 43 64 -13 Surface sand filter, 0.5 inch 
City of Austin, 1990 TX 17 50 ac 66% imp. 71 --- 94 90 23 Surface sand filter, 1.7 inch 
Barton Springs, 1996 TX 8 4.9 ac Highway – 

59% imp. 
15 --- --- 35 -87 Vegetated filter of 36” limestone and 

gabion, preceded by filtration pond. 
AVERAGES --- --- --- --- 39  --- 43 64 -55  



 

 

Open Channel Practices 
 
Summary of Research Conducted in the Southeast, 1983 - Present 

 
Study Location No. of 

Samples 
Drainage 
Area 

Land use TN 
(%) 

ON 
(%) 

NH4 
(%) 

TKN 
(%) 

NO3 
(%) 

Notes 

Barrett, et al TX 423 32 highway    33 50 total P=44% 
Barrett, et al TX 423 258 highway    44 23 total P=34% 
Dorman et Al, 1989 VA 9 1.27 ac Highway, 

67% imp. 
--- --- --- 17 11 2-yr erosive velocity, 10-yr capacity 

Harper, 1988 FL 16 0.83 ac Highway, 
70% imp. 

84 86 78 --- 80 2-yr erosive velocity, 10-yr capacity, Tc = 
45 min., Swale age = 16 yrs. 

Harper, 1988 FL 11 1.17 ac Highway, 
100% imp. 

40 39 -11 --- 52 2-yr critical velocity, 10-yr capacity, Tc = 9 
mins., Swale age = 23 yrs. 

OWML, 1983 MD 50 19 ac Residential -18 --- --- --- --- 2-yr control velocity, 10-yr capacity 
OWML, 1983 MD 8 12 ac Res., lg. Lot 37 --- --- --- --- 2-yr control velocity, 10-yr capacity 
Yousef et. Al, 1985 FL 6 --- Highway 13 --- --- -20 11 30-60 min. residence time, 0-2.8 

watershed-inches 
AVERAGES --- --- --- --- 31 63 34 17 39  
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Appendix 2d. Example of a Stormwater 
Maintenance Program 
 

 

 
 
 
 
 

 
 
 



 

Appendix 3a. Examples of Ordinances to 
Establish Legal Authority for Illegal Discharge 
Programs 
 

 

  



 

Appendix 3b. Example Screening Report Forms 
 

 



 

Appendix 3c. Additional Test Kit Information 
 

 



 

Appendix 3d. Letter to Prevent Illegal 
Discharges 
 

 



 

Appendix 5a. Sample Public Education Action 
Plan 
 

 

 
 

Public Education Action Plan for   (year) 

Jurisdiction: Date:  Submitted by: 

 

Category One 

 

#
 selec

ted
 

 

Category Two 
#

 selec
ted

 

 

Category Three 

#
 selec

ted
 

TV/Radio ads  Demonstration sites (for BMP’s)  Fact sheets/brochures  
Organize 

Environmental 

Field Day; 

 Sponsor new/Encourage expansion 

of “Adopt-a-Program” 

 

 Utility bill inserts or messages on bills  

  Coordinate local newspaper articles  Arrange speakers for civic organizations 

(minimum audience of 50 people) 
 

  Storm drain marking  Environmental freebies  
  Recognition program (recognize 

environment friendly participants) 

 Postmarks  

  Web page  Fertilizer tags  
  Local cable TV program  Close-out packages (for  new owners)  
  Violation hotline (1-800 or local)    
  Environmental contest    

      

TOTALS      

Minimum required 1  3  4 

 



 

 

Detail of Planned Activities 

Brief description of Activity Targeted Audience* Anticipated Cost 

   

   

   

   

   

   

   

   

   

   

     Total Anticipated Cost:  

*  Note:  Target Audience includes children, residents, business/industry, and civic 

organizations. 



 

Appendix 5b. Sample Technical Workshop 
Agenda 
 

 

 
Sample Technical Workshop Agenda 

Purpose: 

. a. Review of state model stormwater management program  

 b. Implementation of the local stormwater management program  

 c. Presentation of stormwater guidebook 

 d. Planning and designing for stormwater, and 

e. Structural BMPs 

 

The following is an outline of a recommended Introductory Staff Workshop agenda: 

 

Session Time Resources 

Session 1 3 ¼  hours  

I)  Problems & Effects of Urbanization 15 minutes CES, COG, DWQ 

II)       II)  Why do We Need a Stormwater 

Program? 

15 minutes CES, COG, DWQ 

III)      III)  Review Stormwater Guidance    

Document: 

a. New Development 

b. Illegal Discharge/Retrofit 

c. Education  

d. Enforcement 

1 hour DWQ 

 

IV) How to Handle Rules Locally 1 hour CES, NEG 

V)      V) Responsibilities of State and Localities 30 minutes DWQ, NEG 

VI) Implementation Timeline of Rules 15 minutes DWQ, NEG 

Session 2 3 hours  

VII) Presentation of Guidebook 15 minutes DWQ, NEG 

VIII)  Planning & Design BMPs 45 minutes CES (Nancy White) 

IX) Structural BMPs 1 hour CES (Bill Hunt) 

X)  Homeowner Technical Assistance 15 minutes CES (Deanna 

Osmond) 

XI) Local Implementation  15 minutes Johnston &  Craven 

Co, Raleigh or 

Durham Staff 

XII) General Q&A 30 minutes All Presenters 

 NEG=Neuse Education Workgroup  CES=Cooperative Extension Service 

 DWQ=Division of Water Quality  NET=Neuse Education Team 

 COG=Council of Governments 

 



 

Appendix 5c. Alternative Approach to Public 
Education 
 

 
New Proposed Positions:  Public Information Specialist and Education Agent 

To enhance basinwide education, the creation of two positions is recommended. The two positions would 

work closely with the local governments of the targeted communities to help implement the Model 

Education Plan.  It is recommended that targeted communities have an opportunity to participate in this 

type of arrangement to lessen the burden the Model Plan requirements will impose on local governments. 

 

There are many on-going education efforts in the Neuse River Basin, refer to North Carolina Department 

of Environment and Natural Resources, including the divisions of the Office of Environmental Education 

(OEE) and the Division of Water Quality (DWQ) and/or the NCSU Cooperative Extension Service for 

information on existing appropriate resources and efforts. These two positions will serve to unify the 

ongoing efforts and target new educational and assistance opportunities. The Specialist and Agent would 

work with groups currently conducting environmental programs within the basin. The Specialist and Agent 

could serve to build a cohesive and unified basinwide stormwater education program.  

 

1.   Public Information Specialist (to be referred to as Specialist) 

The Specialist would conduct basinwide media efforts that will include working closely with local 

television, radio, and newspapers along the entire Neuse Basin including the Triangle and New 

Bern-Kinston-Havelock TV markets. Therefore, the Specialist will be required to have a marketing 

background. A similar position has been developed successfully by the City of Greensboro.   

 

The Specialist will develop and utilize existing public service announcements and informative 

videos that would be shown, heard, or read throughout the Neuse River Basin. The Specialist shall 

also work closely with a newly hired Education Agent (described below), the Office of 

Environmental Education, the N.C. Cooperative Extension Service’s Neuse Education Team, 

Oversight Board members, and other groups or agencies in the field of water quality.  

 

2. Education Agent:  (to be referred to as Agent) 

The Agent would develop and utilize existing videos and other teaching tools for teachers in the 

classroom; provide technical assistance to the general public; and, maintain a clearinghouse of 

resources for technical professionals.  Whereas the Specialist is positioned to reach great 

populations with multi media tools, the Agent would serve in an outreach, hands-on capacity.  

Example activities for which the agent could be responsible:  

 

 Organize a county and/or basinwide educational contest, examples include speaking, poster or 

web-design contests. 

 Conduct environmental field days for schools or interested focus groups.  

 Conduct tours to water quality demonstration sites. 

 Organize/Conduct water quality education training workshops for educators. 

 Develop homeowner water quality Best Management Practice materials. 

 

 



 

The Specialist and the Agent could work together to pick an environmental education focus so that 

a targeted, unified educational effort can be made.   

 

Funding for the two positions is imperative and funding options are summarized below.  Similar 

and existing work in Greensboro that involves only one TV market, one radio market, and one 

major newspaper requires an operating budget of approximately $300,000.  The majority of the 

budget is spent to buy discounted time on local TV and radio and the remainder is utilized for 

video production and other educational materials.  The same amount is recommended as a working 

budget for the Public Information Specialist and the Education Agent.  The amount of $300,000 is 

minimal considering that two main TV and radio markets will be targeted in addition to at least ten 

local newspapers. 

 

Oversight Board 
 

It is suggested that if this approach is implemented, an “oversight board” be created from one 

representative of each targeted community.  The purpose of this Board would be to serve in an 

administration capacity to the two (2) positions.  The board will determine how to measure the success 

of the educational efforts and whether to renew the contracts of each position. 

 

Housing of Positions 
 

It is recommended that agencies or organizations interested in facilitating these positions submit an 

application and proposal to the Oversight Board.  The Oversight Board will have the authority to select 

the most appropriate persons or organizations to facilitate these positions.   

 

Funding 

It is recommended that funding for the operating budget be grant generated.  The persons or 

organization selected to facilitate the two positions would be responsible for securing operating budget 

funds and would need to include the plan to secure funds as part of their proposal to the Oversight 

Board. 

It is further recommended that the budget for the two positions’ salaries and benefits be funded by the 

participating targeted communities.  The anticipated cost of this is $100,000.  It is suggested that the 

total budget amount be equally divided between the participating communities. 

 


