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ABSTRACT 

Spurred by continuing urban growth and new federal mandates for control 

of nonpoint source pollution, local governments are increasingly concerned about 

the need to improve stormwater management. Long-term maintenance is a 

critical aspect of stormwater management if both water quality and water quantity 

benefits are to be realized in practice. This report examines what is actually 

being done in North Carolina cities to maintain stormwater systems and what 

selected stormwater experts feel should be done. 

A survey of stormwater managers in 88 cities and field visits in four cities 

indicate that maintenance for structures controlling flooding is generally good and 

most stormwater system failures are not due to inadequate maintenance. 

However, facilities designed primarily to protect water quality such as detention 

and retention facilities have more problems and require more attention. 

Furthermore, demands on stormwater management are likely to increase as 

facilities age, budgets tighten, cities grow, and new regulations are imposed. 

Several actions are needed. First, local governments are recommended to 

pay greater at tent ion to system planning, apply more stringent design standards, 

and monitor the effectiveness of structures protecting water quality as the most 

critical basis for successful long-term maintenance. Second, policy makers at all 

levels of government and researchers need to determine appropriate strategies for 

the treatment and disposal of accumulated sediments. Finally, further research 

about the best maintenance practices and financing arrangements may be needed. 
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EXECUTIVE SUMMARY 

Stormwater facilities are built to reduce both flooding and water quality 

degradation. To do this, however, they must be maintained over time. While 

much research has been done to determine appropriate designs to achieve these 

objectives, comparatively little is known about effective maintenance practices and 

costs. This report provides an initial evaluation of the state of stormwater 

maintenance practices in North Carolina and begins to fill in some of the gaps in 

knowledge. 

In order to assess stormwater maintenance practices and needs, three 

surveys were conducted. The first was a phone survey of stormwater officials in  

all eighty-eight North Carolina cities with 5,000 or more population. These staff 

persons were questioned about their cities' stormwater management programs. 

especially maintenance. For the second survey, field evaluations were made of 

over 800 stormwater control structures in four different communities. 

Maintenance of these structures was evaluated against standards for operational 

integrity, public safety, nuisances, and access. Finally, a Delphi suwey of 

authorities on stormwater management was done to gather expert opinion about 

maintenance practices, financing, and design. 

Several conclusions result from this research. First. with the exception of 

detention facilities, stormwater maintenance in North Carolina appears to be 

adequate at the present time. The relevant literature sugests that there may be a 



number of shortfalls in stormwater maintenance. The results from our research 

confirm that there are definitely problems, but they do not support the notion that 

inadequate maintenance is either widespread or of significant proportions. 

However, there is a clear distinction between conveyance and detention facilities. 

In the field evaluations, the maintenance of most structures was rated as good or 

adequate. Generally less than five percent of most types of facilities were rated 

as inadequate or dangerous and even many of these violations were not extremely 

serious. Detention and retention structures generally had the highest percentage 

of structures rated as inadequate or dangerous. Because no actual tests of water 

quality were performed as part of this research and because water quality 

problems are generally less obvious, the level of maintenance with respect to 

detention facilities might be much lower. The overall finding of adequate 

maintenance should be understood to reflect systems dominated by conveyance 

structures. 

Local officials' perceptions paralleled these field evaluations. Most 

stormwater managers were able to point to at least one problem in their system. 

but generally the problems were neither serious or frequent. Additionally, poor 

maintenance was not the most common cause of most failures in the stormwater 

systems. Only 19 percent of the officials who felt that there were areas in their 

city without adequate protection attributed it to lack of maintenance. The overall 

conclusion is that while there are numerous obstacles to effective implementation 

of stormwater maintenance, these problems do not seem to be causing a 



significant problem in North Carolina at present. This conclusion must be 

understood in the context that stormwater systems in North Carolina are still 

primarily designed and operated to reduce flooding rather than protect water 

quality. As water quality concerns grow and monitoring increases, the level of 

maintenance needed is likely to increase and the overall favorable rating may 

decline. 

The second key finding is that there are nevertheless two reasons to be 

concerned about what the future may bring. First, while 72 percent of the local 

stormwater officials queried felt that current funding for stormwater operations 

and maintenance was adequate in their city, less than half (42 percent) felt that 

construction funding was adequate. Additionally, as might be expected, 

respondents generally felt that local officials rated stormwater management much 

lower in their priorities than did the stormwater official. Because of its 

comparatively low salience most of the time and piecemeal funding of design. 

stormwater management (particularly maintenance) is at rkk in the budget 

process. Fiscal pressures on local governments increase the possibility that 

funding shortfalls for stormwater management will remain or even grow. If 

construction does not keep pace with needs as suegested by local officials. 

problems could increase for existing parts of the system due to overload. 

Furthermore, as facilities age and the storage capacity of detention facilities 

drops, maintenance expenses may rise even if local governments do not expand 

their systems nor experience growth that overloads existing systems. 



A second concern for the future is new regulations being put in place by 

the U.S. Environmental Protection Agency to protect water quality from urban 

runoff pollution. The implications of these regulations for local storrnwater 

management are not entirely clear at this point. However, the regulations may 

directly or effectively force local governments to construct additional facilities or 

perform more maintenance work to meet water quality standards. Combined with 

financial constraints mentioned above, this may mean additional responsibilities 

for local governments. Both of these two concerns for the future are clearly 

somewhat speculative but highlight what may be problems in the making. 

The third important finding from this research is that more attention to 

planning and design may be comparatively more critical for improving stormwater 

system effectiveness than improving maintenance practices. As noted earlier. poor 

maintenance was generally not the cause for most problems noted by stormwater 

managers. Poor planning, such as allowing development within the floodplain and 

failing to anticipate future growth, or inadequate designs was cited much more 

frequently. Failures due to storms that exceed design standards may not represent 

poor design but further emphasize the critical role that design choices can play in 

creating stormwater problems. Given the generally low salience of ongoing 

stormwater maintenance, it  may be better to continue focusing efforts to improve 

storrnwater management on design and planning. However, planning and design 

should be emphasized as a process that extends beyond engineering requirements 

and consequently should encompass departments other than public works and 



engineering, such as planning, community development, and possibly finance. 

This report also provides findings that may be used by stormwater system 

managers for helping to estimate and plan for maintenance needs. The surveys 

highlight where problems appear most likely to develop and provide some rough 

guidance about costs and logistical requirements. 



RECOMMENDATIONS 

The findings from the report suggest three important recommendations for 

change in government policy. First, local governments should pay more attention 

to design and planning of their stormwater systems. Basin wide planning and 

more stringent design standards may be the most important steps local 

governments can take to reducing stormwater problems. Second, local 

governments may need to increase efforts to monitor the effectiveness of 

structures designed to protect water quality. Failure of these structures will 

generally be less apparent and monitoring water quality will require more 

technical resources. Third, government decision makers at all levels need to 

begin considering policies to deal with sediment disposal. Although, this does not 

appear to be a serious problem at this time, consideration of disposal options 

should begin now in anticipation of future trouble. 

The results from this report highlight the need for more research in three 

areas. First, further research is needed to examine the implications of greater use 

of detention facilities. Expanded reliance on these structures may increase 

maintenance needs and sediment disposal problems. Second, more research is 

needed to evaluate the most effective maintenance practices. This report provides 

some baseline data and initial recommendations, but more evaluation would be 

useful. Finally, research examining the value of stormwater utilities would be . 
helpful at this time as new legislation makes it  easier for North Carolina cities to 

xiii 



adopt this approach. However, whether this in fact would be a worthwhile change 

as many experts suggest warrants closer examhation in our opinion. 

xiv 



1.0 IhTRODUCnON AND LITERATL'RE REVIEW 

1.1 Introduction 

W i l e  many of the engineering and design problems relating to stormicater 

management are adequately understood, a number of unanswered questions 

concerning implementation and the long-term functional integrity of stormwater 

management systems need to be addressed (Tucker, Urbonas, and DeGroot, 

1982). Adequate maintenance of stormwater structures is essential if  both w t e r  

quality (pollution control) and quantity (flood control) benefits are to be realized 

over time. Additionally, stormuPater maintenance is important for public health 

and safety, community aesthetics, and groundwater recharge. Ho\t*ever national 

experts have nored that more information is needed about maintenance practices 

(DeGroot, 1982; Neil, 1982; Engemon, Mercer and Krempel, 1985). 

Urban stormwater management also has taken on a ne14~ imperative due to 

federal and state programs. The U.S. Environmental Protection Agenq's 

development of new regulations to control pollution from urban runoff (WRRI. 

1989; Shideler, 1991) will require cities to expand and improve their stormwter 

systems. New incentives for community stormwater management adopted by the 

Federal Emergency Management Agency as part of the National Flood Insurance 

Program (Insurance Services Office et al., 1989) also will create pressure for 

changes at the local level. The State of North Carolina has begun to pursue 

stormwater regulation more vigorously within the Coastal Area Management 



Program which applies to the twentycounty coastal region. Developers are 

required to submit plans specifying operation and maintenance needs associated 

with stormwater facilities proposed for their projects, criteria for triggering 

maintenance actions, and responsibility for undertaking maintenance (North 

Carolina Admin. Code, Title 1 5 4  Subchapter ZH, 1989). The state is also 

pushing stormwater management as part of the Water Supply Watershed 

Protection Act passed in 1989. Although, the initially proposed regulations Itrere 

later weakened, localities will be required to either control development density 

or u5e detention ponds in specified areas which po5e risks to drinking supply 

wa~ersheds (Worth Carolina Admin. Code, Title lSA, Subchapter ZB. 1991). 

These requirements will lead more localities to become in\lolved in storm\tvater 

quality concerns. 

There is strong support for local government implementation of 

comprehensive stormuvater management maintenance programs among 

professional organizations and societies that deal with stormwter management 

issues (Engemon, Mercer and Krempel, 1985; DeGroot, 1982). Hoit.ever, those 

organizations also suggest that local governments' ability to actually maintain 

stormwater systems or require private landowners to do so may be impeded by 

gaps in information on the most appropriate institutional, financial. and 

operational procedures for maintaining stormurater systems. 

We undertook the research reported here to address seven questions whose 

answers will help local governments improve their management of s tormwter  



systems. Those critical questions include: 

What is the relative frequency and importance of various causes of 

failure of stormwater maintenance? 

What policies have been developed to deal with the disposal of spoil 

dredged from detention structures, particularly hazardous wastes? 

What is the expected frequency and costs of maintenance for 

stormwater control structures? 

What is the importance of various stormwater design choices for 

maintenance, particularly access and monitoring? 

M a t  are the relative merits of preventative versus as-needed 

approaches to stormwater systems maintenance? 

What is the appropriate division of responsibility between the public 

and private sectors for various aspects of storm\tvater maintenance? 

What are the most cost-effective methods of providing stable long- 

term financing of stormwater management? 

I .2 Lit era ture Review 

While not complete, a significant body of research is available on the 

design, construction, and effectiveness of various stormwater management 

facilities (see for example, Urbonas and Roesner, 1986; Roesner. Urbonas. and 

Sonnen, 1988; Schueler, 1987; Wu, 1989; DeGroot, 1982; Moreau and Lapointe. 

1979; and Lynard et a]., 1980). T h e  general conclusion from this research is that 



stormwater management options exist which can reduce flooding and improve 

water quality. Although selection of appropriate structures is dependent on site 

conditions, wet water detention facilities appear to be the most cost effective and 

publicly acceptable technique for maintaining water quality although it  requires 

land and substantial capital outlays. 

Research on maintenance and the long-term integrity of stormwater 

management systems is Jess exlensive. Most of the literature on operations and 

maintenance provide little data on actual experience; what research that has been 

conducted is mostly limited to case studies of several facilities or programs. 

Applicability of these findings to other areas is unclear. This lack of systematic 

work on stormwater maintenance, financing, and responsibility has been nored at 

several conferences in recent years (see for example, DeGroot. 1982; and Urhonas 

and Roesner, 1986). The findings of the literature on maintenance nevertheless 

can be grouped into three subject areas: ( I )  cost of maintenance and operation: 

(2) maintenance needs; and (3) administrative responsibility. Each of these areas 

is discussed here. 

1.2.1 Costs of Maintenance and O~eration 

The costs for constructing various stormwater control facilities depends on 

the design, type of control, and site factors. While variable, there is some 

evidence to suggest that within given designs and geographic regions. costs are 

reasonably predictable (Schueler, 1987; Lynard et al. 1980; Wiegand et al., 19S6; 

and Moreau and Lapointe, 1979). Wet detention ponds appear to be the most 



expensive but may also be the most cost effective for water quality improvements. 

Considerably Jess information is available about maintenance and 

operation costs. A sumey of 41 cities across the United States found that 

stormwater maintenance budgets varied significantly. When adjusted for 

population size, most of the cities appeared to be spending between 5 1  and $10 

per capita for the entire stormwater management budget, though there were 

numerous outliers (Opitz and Grigg, 1990). This variation was partly due to the 

phrasing of the question, but i t  also reflects the fact that maintenance needs and 

political support for funding vary significantly. When focusing on costs for 

individual structures, the evidence is not much clearer. A recent report prepared 

for Charlotte/Mecklenburg County projects costs within the city of approximately 

$100 per gross acre annually (565 within the county) for operations and for 

maintenance of regulated floodways to level of senice B (preventive 

maintenance) (Charlotte/hlecklenburg County, 1989). The degree to which these 

projected costs are generalizable is not known. Experience with many of the 

various control measures has been insufficient to develop accurate estimates. 

Furthermore, many stormwater management facilities receive no maintenance at 

all. A survey of six local and national agencies having stormwater management 

programs suggests that routine annual costs can be roughly approximated for 

detention ponds as two to three percent of construction costs. Additionally, non- 

routine annual costs for detention ponds are estimated at between one and two 

percent of construction costs (U'iegand et al., 1986). Other experience in 



Washington, D.C., and Orange County, California, suggest that maintenance costs 

can be estimated at between $300 and $700 per acre of facility (pond and buffer 

zone) (Schueler, 1987; Lynard et a]., 1980). Systematic information about 

maintenance costs for structures other than detention ponds is almost absent. For 

all types of stormwater controls, though, the literature concludes that well planned 

design can reduce maintenance costs as well as construction costs (Schueler, 

1987). 

1.2.2 Maintenance Needs 

Maintenance needs of public and private infrastnrcture often receive a low 

priority. Because many of the adverse effects of improperly maintained 

stormwater facilities are not immediately obvious. neglect is a potential problem. 

But neglect of routine maintenance decreases the effectiveness of stormwater 

structures. Limited case studies and anecdotal evidence suggest that poorly 

operating stormwater facilities may be common and caused by poor design and 

inadequate maintenance (Haulley and McCuen, 1987). A survey of 41 cities cited 

earlier (Opitz and Grigg, 1990) found that 26 of the cities indicated they did 

regular preventive maintenance, but only 10 conducted formal condition 

assessments. Only half had a formal inventory of facilities in the system. 

Maintenance programs in these cities generally lacked a clear plan and seemed to 

consist of ad hoc responses to maintenance needs. 

A case study of ten local governments in the Denver area found that while 

all ten communities required that developers provide drainage reports and site 



stormwater detention facilities in new development, only htro required design 

certification by a professional engineer and only one conducted any field re t iew 

of ponds after completion. None of the ten local governments had regular 

maintenance program for these facilities. Additionally, the researcher found that 

of 101 detention ponds that were to be built, nearly half were not in compliance 

with design specifications. Noncompliance ranged from minor differences in 

outlet diameter to cases where the pond was not even installed (Prommersberger. 

1954). Another set of case studies from communities across the country also 

suggests that maintenance of facilities has a very lo\~r priority (Poertner, 1980). 

1 J.3 Administ rat ive Responsi bilitv 

While mandates for stormwater management often come from federal and 

state agencies, implementation of programs is still primarily a local responsibility. 

A variety of institutional arrangements for maintenance, financing. and 

compliance are possible. Actual comparison and evaluation of different 

arrangements is limited in the literature but two tentative conclusions have been 

put forth. First, because of overlapping horizontal and vertical public 

jurisdictions, confusion is likely in an urban setting. An umbrella organization or 

lead agency responsible for inspection and possibly maintenance may be critical 

(Schultz and M7ycoff, 1988). Second, there may be some advantages to shifting 

the funding of stormwater management from tax-based sources such as general 

revenue to user fee methods such as a utility. In  general local government 

finance has shown a trend towards increased reliance on user fees. Adequate 



funding is critical for maintenance programs and appears most linked to funding 

independent of the normal local budgetary process (North Carolina, 1988; and 

Poertner, 1980). While successful implementation of a utility requires overcoming 

several obstacles, a stormwater utility may offer a more efficient. equitable, and 

reliable method for financing stormwafer maintenance (Lindsey. 1990; Cyre, 1990: 

and Rosholt, 1987). 



2.0 RESEARCH hTETHODS 

Awareness of the problem of stomwater runoff and knowJedge about 

appropriate designs for stormwater facilities have increased substantially in the 

last 20 years. As noted in the first section of this report, however, knowledge 

about maintenance needs for stormwater facilities is less advanced. 

This section describes the methodology used in the three surveys conducted 

to find ansufers to the seven questions identified in the previous section. The first 

was a phone sunfey of stormuater officials in all 88 North Carolina cities with 

5,000 or'more population. The second survey consisted of field evaluations of 

over 800 stormuVater control structures in four different communities. The third 

w s  a Delphi suwey of authorities on stormurater management done to gather 

expert opinion about maintenance. 

2.1 Phone Sumev of  North Carolina Cities 

The phone survey contacted professional staff in cities across the state. I t  

asked questions covering a wide range of issues surrounding stormwater 

management and was meant to characterize the range of maintenance practices in 

use. The phone survey was conducted in August of 1990 using methods perfected 

by Dillman (1978). We sunteyed all cities in North Carolina with populations of 

5,000 or more based on 1989 population data from the state. This encompassed 

88 cities, including 31 in the coastal plain, 49 in the Piedmont. and 8 in the 



mountains. Actual respondents were the city employee or employees who were in 

charge of stormwater maintenance for the city. For the most part these key 

informants had engineering backgrounds. Each respondent was inteniewed by 

telephone using a questionnaire which took approximately 20 to 30 minutes to 

complete in most cases. One respondent filled out the questionnaire by mail. 

Where necessary, follow-up calls were made to clear up discrepancies or pursue 

additional information. 

The phone survey was divided into four parts. The first part, entitled 

"Community and System Characteristics," gives an assessment of types of 

stormwater problems in North Carolina cities and community attitudes towards 

controlling these problems. The second part, "Finance and Regulation," examines 

how much public money is being spend on stormwater management, whether i t  is 

adequate, and what regulations are in place to control stormwater from private 

development. The third part. "Maintenance Issues," looks at what cities do to 

keep their stormwater facilities in operating condition. The last part covers a 

variety of topics, including the new stormurater permitting process being 

established by the U.S. Environmental Protection Agency and a ranking of 

stormwater priorities. 

A list of the 88 cities surveyed along with a copy of the questionnaire can 

be found in Appendix A. A summary of responses to questions also can be found 

in Appendix A with the cities grouped by geographic region and city size category 

for comparison purposes. 



2.2 Field Evaluations in Four Communities 

The second survey was a set of field visits to drainage basins in four 

different communities to evaluate the adequacy of maintenance at specific 

stormwater management facilities. The field visits were conducted in July and 

August of 1990 in the cities of Goldsboro, High Point, Raleigh, and Reidsdle. 

These four jurisdictions were selected to allow for some variation in community 

size and keep travel distances to a minimum. Within each jurisdiction a sample 

of public and private stormwater facilities upas chosen for a basin or sub-basin 

with the assistance of knou4edgeable city staff (e.g., the city engineer, erosion and 

sediment control inspectors, and department of public works personnel). The 

structures examined included the knoun stomwater detention basins, retention 

basins, dams, and infiltration systems within the basin. Additionally, other 

storm\rfater control structures such as culvern, channels, and inlet de~rices were 

selected in the field by follo\r?ing the natural drainage paths of a basin. These 

procedures allowed for an evaluation of maintenance conditions acro5s structures 

that manage increasing volumes and intensities of water flow. A good cross 

section of old and new  development^ across a variety of land uses was obtained. 

Most of the public facilities examined in these field visits were under the 

jurisdiction of the North Carolina Department of Transportation as these four 

communities reported only minimal ownership or operation of structures other 

than basic roadside conveyance facilities. Further description of the four 

jurisdictions and the field survey results can be found in Appendix B. The non- 



random selection of community basins and structures means that the results are 

not necessarily representative of North Carolina in general. However, this 

exploratory effort still provides useful and appropriate data on the adequacy of 

actual stormwater facility maintenance at specific sites in h'orth Carolina. 

The field survey focused on three fundamental concerns: (1) the adequacy 

of maintenance to sustain the operational intepety of devices. (2) the adequacy of 

maintenance to protect public safety and prevent nuisances, and (3) the adequacy 

of system design for maintenance access. These evaluative dimensions were 

assessed using ordinal measures and qualitative notes. See Appendix B for a 

description of the measures used for evaluation. 

2.3 Debhi Sumev of Stormwater Emerts 

To complement the surveys of stormurater maintenance practices in Xorth 

Carolina, we conducted a Delphi survey of stormuPater management experts in 

professional practice, policy positions, and academia. The Delphi technique \\as 

first developed by the Rand Corporation in the 1950s as a means of answering 

complex defense questions. Since then the technique has principally been used as 

a means for polling the knowledge, judgements, and opinions of experts to try to 

reach a better understanding of a selected topic. The technique is particularly 

useful when more definitive research procedures are impossible. unduly expensitte, 

or time consuming. (For a discussion of the use of expert judgement in eva1uatitre 

research, see Linstone and Turoff, 1975; Moore, 1987; and Rossi and Freeman. 

1985.) 



The selection of the appropriate panel of experts is one of the most 

important steps in the Delphi process. In order to achieve valid and reliable 

results from the use of expert judgements, it is essential that persons selected to 

provide those judgements be knowledgeable about the subjects they are asked to 

assess. To reach this end, we identified a panel of experts in four u q s .  First, in 

the survey of officials in h'orth Carolina cities, we asked re5pondents to identify 

persons whom they felt were experts in the field or whom they \ifould turn to if 

they needed assislance. Second, in the process of the local phone sumey, we 

identified respondents who spend considerable time and resources addressing 

stormwater maintenance concerns and had considerable practical esperience. 

Third, from the literature review we identified persons \+?ho had conducted 

research and written in the area of stormwater management. Finally, ire used 

contacts with persons developed from previous research and stormI+.ater 

conferences. A panel of 25 experts was selected, with rough]! equal division 

among people in academia, state and federal agencies, local golSernrnent 

operations, and consulting. 

The Delphi process involves specifying an initial set of hypotheses or 

research questions for the panel of experts. The process then goes through one or 

more feedback stages where the judgements from previous stages are combined 
* 

and shared with all the panel members. This multi-stage process is useful for 

identifying not only a range of possible answers to a set of questions but also 

some degree of consensus when the panel of experts is able to agree after seeing 



responses to previous rounds. We conducted the Delphi sunrey in two stages. In 

the first stage we mailed a questionnaire with seven questions (this initial survey 

can be found in Appendix C). The questions were left open-ended to encourage 

panel members to put forth their ideas. After follouing up with the panel, we 

received twenty-one of the questionnaires back. A revised questionnaire was 

constructed which kept the same basic questions but focused them by sharing the 

range of responses from the first round and noting any new issues. The panel of 

experts ufas then asked to identify the position they felt ufas most reasonable and 

add any comments they felt were needed (this second round suwey can also be 

found in Appendix C). Sixteen of the panelists sent back the sun-eys from this 

second round. 



3.0 STORXI\\'ATER hlAlYAGEhlEST IN NORTH CAROLIXA CITIES 

The survey results provide a thorough look at urban stormwater 

management within North Carolina. The findings are grouped into five sections: 

planning and regulation, finance, maintenance practices, evaluation of 

management and maintenance, and future concerns. Finally, the report concludes 

by summarizing the state of stormwater maintenance in North Carolina. 

3.1 S t o r m w k r  Plannine  and Rewlation 

Storm\i~ater systems in Forth Carolina are not designed comprehensively 

and instead they  appear to be primarily fashioned lo minimize nuisance flooding 

on a site-by-site basis and to convey runoff. Seventy-eight percent of the 

stormwter managers in the phone survey indicated that their planning of 

stormwater facilities was done on a site-by-site basis, nineteen percent said they 

made jurisdiction4de plans, and the remaining three percent said they did both. 

The general stormwater system orientation in h'orth Carolina is towards removing 

the water as quickly as possible reflecting the "Common Enemy Rulew (Kibler 

and Aron 1979) which has predominated in stormwater design. Only 13 of the 

cities indicated they had publicly ouned/maintained detention or retention ponds 

(with an average of 3.1 ponds per city). Furthermore, public channels are 

primarily ditches or streams with only 16 cities indicating they had publicly 

owned/maintained concrete lined stormwater channels. When asked to state the 



goals of stormwater management in their community, nearly wo-thirds cited 

prevention of nuisance flooding with no other goal being mentioned by more than 

one-fourth of the respondents (see Table 1). These goals are embodied in the use 

of conveyance structures and the lack of comprehensive planning. Stormwater is a 

nuisance to be dealt with 

when it  becomes a 

problem. 

The design of 

stormwater facilities is 

centered around the 

relatively frequent, and 

therefore less severe, 

storm event. As Table 2 

shows the most common 

design standard for 

public facilities is the 10- 

TABLE 1 Stormwater System Goals 

Percent of Respondents Identifying Specified Goal 
as One of Their Stormwater System Goals 

Prevent Nuisance Flooding 62.8 

Maintain System Integrity 25.6 

Protect Water Quality 24.4 

Prevent P ropeq  Loss 14.0 

Control Runoff Release Rate 14.0 

Control Development Impact 12.8 

Improve the System 12.8 

Other 18.6 
'=86 c ~ t ~ e s  
Respondents could indicate more than one goal 

year storm event, with nearly two-thirds of the respondents using this standard for 

at least some of their facilities. Thirty-nine percent use the 25-year storm as their 

design standard while 44 percent report using multiple standards. As can also he 

seen in Table 2, mountain region cities make greater use of higher storm 

standards (50 and 100 year events), and small cities (under 10,000 population) are 

much more likely to rely on subjective assessments, with nearly one-third not 



TABLE 2 Stomwater Design Standards 

Percent of Respondents Indicating Use of Specified Design Standard for 
Public Facilities 

Cities 5,000- Cities Cities Cities 
9,999 1 0 , m  25,000- 100,000+ 

24,999 99,999 

10-year s t o m  41.9 75 .O 82.4 1 00.0 

25-year storm 25.8 45.8 58.8 20.0 

50-year storm 6.5 12.5 5.9 0.0 

100-year storm 9.7 8.3 11.8 20.0 

NCDOT standards 19.4 25.0 23.5 20.0 

Other 9.7 16.7 5.9 0.0 

No Standard 32.3 4.8 4.2 0.0 
- - - - - - 

Multiple Design 32.3 54.2 52.9 40.0 
Standards 

Coastal Piedmont Mountain All Cities 

10-year storm 61.5 68.2 57.1 

25-year storm 30.8 45.5 28.6 

.SO-year storm 0.0 6.89 42.9 

100-year storm 3.9 9.1 42.9 

NCDOT standards 23.1 22.7 14.3 

Other 9.7 11.4 14.3 

No Standard 19.2 11.4 28.6 
-- - 

Mu1 tiple Design 30.8 50.0 57.1 
Standards 

Respondents could lndlcate more than one des~gn standard. 
I 



relying on a standard. 

The design, construction, operation, maintenance, and inspection of public 

stormwater facilities is most typically centered in a public works department. a 

street department, or an engineering department. Across these different 

stormwater functions, 80 to 95 percent of the respondents indicated one of these 

three departments was responsible. 

Stormwater management in North Carolina is not only handled on an 

incremental basis but also is split between the public and private sectors. Gken 

this mix of responsibilities, re y lations to ensure adequate performance by the 

private sector is critical. In fact, nearly three-quarters of the cities have 

regulations which require private landowners or developers to control storm\\?ater. 

Smaller cities and cities in the Piedmont are only slightly less likely to regulate 

the private sector. Table 3 shows that the most common regulations used to 

address stormwater runoff are subdivision re y lations and zoning. Smaller cities 

rely more heavily on subdivision regulations, while larger cities make 

comparatively greater use of zoning. AII of the cities uith re y lations have 

requirements for private developers and/or landomers to construct facilities. 

Additionally, of those cities regulating the private sector 16 percent limit 

impemious surface and 14 percent set performance standards of zero percent 

increase in runoff. 

Despite widespread use of regulations to shape private development, they 

may be inadequate in several respects. First, enforcement may not be sufficient. 



TABLE 3 Stormwater Regulations 

Percentage of Cities that Use Selected Type of Private Sector Regulations to 
Control Stormwater 

-- 

Cities Cities Cities Cities 
5 0 0 0 -  - 9 10,000- 25,000- 100,M)o + 
9,999 24,999 99,999 

- -- - -- - - 

Subdivision 64.9 48.2 58.8 40.0 
Regulations 

Zoning 10.8 6.9 23.6 60.0 

Stormu?ater 0.0 1 0.3 0.0 20.0 
Regulations 

Critical Watershed 0.0 3.5 5.9 20.0 
Re plations 

Other 0.0 10.3 5.9 0.0 

37 29 17 

Coastal Piedmont Mountain 
- - - -- - - - - 

Subdivision 67.7 46.9 75.0 
Regulations 

Zoning 12.9 14.3 25.0 

Storm\vater 0.0 8.2 0.0 
Regulations 

Critical Watershed 3.3 4.1 0.0 
Re p l a t  ions 

Other 6.4 4.1 0.0 

No Regulations 22.6 30.6 25.0 
I 

5 

All Cities 

N = 31 49 8 I 88 
Respondents could indlcate more than one type of regulatron 

Forty-five percent of the cities w i t h  regulations do not monitor private sector 

compliance with regulations in any way. A large portion of the cities do not 



require the posting of performance bonds or other financial guarantees for the 

construction or operation of private facilities. Forty-mo percent of the cities with 

private regulations require no guarantees. Provision of adequate access for 

maintenance is also not being addressed in many cities. Only 58 percent of the 

cities with regulations include design requirements which address access to 

privately constructed facilities. Based on findings from the literature cited earlier, 

there is reason to be concerned that even where the inclusion of stormwater 

facilities are required, they may not be built or maintained correctly. 

3.2 Finance of Public Stormwater Svslems 

The importance of funding for adequate stormwater management has been 

noted by several researchers (see North Carolina, 198s; Schultz and Wycoff, 

1988). For cities in North Carolina, general revenue is the major source of funds. 

Eighty-nine percent of the city respondents listed general revenue as the source of 

their funds for operations and maintenance. Thirtyseven percent listed Powell 

Bill funds as a source of funding as well. Powell Bill funds are state 

appropriations raised by the gasoline tax and distributed out the State Highway 

Fund. These funds are allocated to municipalities for road projects. 

Municipalities can use these funds for stormuater projects if they are connected to 

the road system. (North Carolina General Statutes, Section 136, 1986). 

For cities reporting expenditures, the average public per capita expenditure 

for stormwater management for fiscal year 1990/91 \+as $9.52, with a median 

response of $4.52. ki can be seen in Table 4, the amount spent on a per capita 



TABLE 4 Per Capita Spending on Sfomwater 

Fiscal 1990/91 Per Capita Funding for Stomwater Management 

Cities 5,000- Cities 10,000- Cities Cities 
9,999 24,999 25,00(F99,999 100,000+ 

-- 

Median $3.70 $4.19 $5.98 $12.64 

Mean $7.55 $1 1.46 $9.58 $9.4 1 

Coastal Piedmont Moun fain 

Median $6.29 S4.19 93.09 

basis increases from the mountains to the Piedmont with the coastal cities being 

the highest. When looking at the median values. per capita expenses consistently 

increase with city size as well. (There was significant variation in per capita 

spending.) 

The bulk of stormuTater management budgets is going for operations and 

maintenance rather than construction. Over the last five years. respondents 

estimated that the median per capita expenditure on construction \!.as 50.84 while 

for operations and maintenance it was $2.67, or roughly three-fourths for 

operations and maintenance. The patterns by region and city size roughly fol10\+~ 

the current fiscal year spending patterns. 

Stormwater managers felt that a n e n t  funding is generally adequate for 

operation and maintenance but not adequate for construction. Only 42 percent 

All Cities 

54.52 

Mean $13.05 57.95 54.89 

N = 24 3 1 8 

S9.52 

63 



felt that current funding for construction was adequate (in order to do an 

adequate job of constructing stormwater facilities, respondents felt that they \vould 

need on average over $750,000 per year, several times more than they had 

received). In contrast, 72 percent of the respondents felt that operation and 

maintenance funding was adequate. 

3.3 Stormwater 3laintenance Practices 

For stormwater management to be effective, once facilities are built. on- 

going maintenance needs to be performed to ensure that the facilities continue to 

work as designed. There has been almost no research work addressing the actual 

practice of maintenance in the field as compared to recommendations in books. 

This difference may be most strongly noted when looking at whether cities do 

various maintenance tasks on a regularly scheduled basis or on an as-needed 

basis. Most books recommend regularly scheduled maintenance. However. as 

Table 5 shows, with the exception of mowing and inlet cleaning. Jess than half of 

the cities surveyed indicated they do the maintenance tasks on a regularly 

scheduled basis. Only 35 percent of the respondents indicated that inspections 

were done on a regular basis. 

Although most North Carolina cities use a reactive rather than a 

preventative strategy, it may be rational given limited resources. Furthermore. 

some respondents argued that this did not lead to higher long-term costs (in fact. 

we found no significant differences !n costs or problems as a function of regular 

versus as-needed maintenance). Additionally, nearly three-fourths of the cities 



TABLE 5 Scheduling Maintenance Tasks 
indicated that they spend 

less than ten percent of 

their operations and 

maintenance budget on 

emergency repairs. 

Of the various 

maintenance tasks, 

closed channel 

maintenance, open 

channel maintenance, 

Percent of Respondents Who Indicated Specified 
Maintenance Task Was Done on a Regularly 
Scheduled Basis 

Inspections 35.2 

Mowing 58.0 

Spraying for Mosquitoes 11.9 

Pipe Maintenance 25.3 

Open Channel Maintenance 34.1 

Inlet Cleaning 55.7 

Sediment Removal (Detention Facility) 8.0 

Other 13.6 
=88 cities 

mowing, and inlet clearing absorbed the most personnel time. The relative 

proportion spent on various tasks varied significantly by city. More detailed 

information on frequency of maintenance and personnel time required by 

maintenance ta5k can be found in Appendix A. 

3.4 Evaluation of Stormwater hlanaeement and Maintenance 

In  order to evaluate the effectiveness of stormurater management and  

particularly maintenance, we relied on the perception of stormurater managers 

from the phone survey and on field assessments of individual structures. The 

phone survey results probide the larger view on stormwater management 

effectiveness while the field data give a more detailed look at the condition of 

specific structures. 



3.4.1 Frequency and Perception of Stormwater Mana~ement Problems 

Stormwater managers reported that a variety of stormwater problems had 

attracted their attention and the attention of locally elected officials over the last 

five years. As can be see in Figure 1, nuisance flooding is by far the most 

commonly cited problem. Given that nuisance flooding is noted by more 

managers than any other problem, it is not surprising that preventing nuisance 

flooding is the major goal of 
FIGURE 1 Stormu.ater Problem AH-areness 

most systems. 

On average, one- 

fourth of the land area in 

the 88 cities lacked 

adequate stormwrater 

protection, in the opinion of 

the stormwater managers. 

When asked to indicate the 

problems within areas 

without adequate protection, 

poorly designed facilities 

was cited by 63 percent of 

the respondents (see Table 6). 

Percent of FScrpoaCettr Ladlcatlng Problem 
Has Attracted AUlrn'Jan In th? Lad FYrr 
Ycats of R o f t s d o n a l  or E l u t e d  Offlclals 

0 20 40 GO 83 1 0 0  

It = 88 Qua 
m m 

Roftaloarl  Staff Eitcted OfflcIalr 

Development within the floodplain was noted by 

36 percent and 19 percent indicated lack of maintenance as a cause of insufficient 

stormwater protection. Many of the respondents indicated that growth within the 



TABLE 6 Reasons for Inadequate Protection 
community had led to 

greater runoff which 

exceeded the capacity of 

existing facilities or that 

a lack of planning and 

design standards meant 

that facilities were not 

sized appropriately from 

the start. Thus, while 

In areas within cities witbout adequate protection, 
percent of respondents indicating the source of the 
problem is: 

Inadequately Designed Facilities 62.8 

Development within the Floodplain 35.9 

Lack of Maintenance 19.2 

Development Grolk~h Exceeded 14.1 
Capacity 

Obstructed Drainage 1.3 

Other 19.2 
Respondents could indicate more than one ansu-er. 
N=78 cities 

inadequate maintenance may be an important problem in a fe\t~ areas. poor initial 

planning and design appear to be more significant factors. 

Failures in the stormwater system are common. Within the last five years. 

79 percent of the cities indicated they had had a least one failure in their system. 

The most common failure as seen in Table 7 was pipe failure either due to 

breakage or deterioration. Blockage, inadequate facilities. erosion. and storm 

exceeding the design standards were all cited by about one-fifth of the cities 

indicating failures. While pipe failure, blockage, and e rosion-caused system 

failures might reasonably be due to insufficient preventive maintenance. the other 

two causes again stress the importance of planning and design in storm\tfater 

control. 

Although planning for access is stressed in most design manuals. i t  is 

clearly still a difficulty in many cities. Forty-three percent of the stormvater 



TABLE 7 Causes of System Failure 
managers said that 

access was a problem in 

their community. This 

problem may be 

primarily a result of 

public maintenance of 

privately built facilities 

whose construction was 

not regulated by public 

design standards. Kearly 

Percentage of Officials Citing Specified Reason for 
Failure of Stonwater System Over Last Five Years 

Pipe Failure (Broken/Deteriorated) 5 0.0 

Blockage 17.8 

Facilities are Inadequate to Handle 16.7 
Normal Flow 

Erosion 14.3 

Storm Exceed Design Standard 14.3 

Other 

No Reported Failures 21.4 

N=84 Cities 
Respondents could select more than one ans\i8er 

87 percent of the cities said that access was planned for when designing public 

stormwater facilities. 

A major task in stormwater maintenance is the removal of sediments. 

Although North Carolina cities have mostly emphasized conveyance of slormwter 

rat her than detention, as noled earlier some cities have detention facilities. 

Additionally, sediment occasionally needs to be removed from some stream 

channels. Of the cities that have some rype of detention/retention structures. less 

than half have had to remove sediments to date. Where removal was necessary, 

the structures had been in operation an average of ten years before sediment was 

removed. Reduced effectiveness rather than scheduled removal was the prime 

reason the sediment was removed from facilities or streams. Despite the concern 

about pollutants in stormwater sediment, only 20 percent of the cities actually 



tested for pollutants in removed sediment. However, among five cities that had 

tested for pollutants and knew of results, four found the sediments contaminated. 

The average amount of sediment removed was over 13 tons although the median 

was less than I ton. Only ten percent of the cities found that disposal of the 

sediment was a problem, but nearly one-fourth anticipated future problems. 

Given the high rate of pollutant contamination indicated in this limited sample. 

there may be cause for concern. State and Federal regulations governing disposal 

of contaminated materials are becoming increasingly stringent. Furthermore. this 

problem may grow if stormwater systems place greater reliance on detention in 

the future and consequently need to dispose of the dredged material. 

3.4.2 Evaluation of  Stomwater F a t i l i p  Maintenance 

While perceptions of problems and system performance provide one basis 

for evaluating the adequacy of stormwater management, data from field 

inspections add detail about the quality of maintenance. As noted earlier. in the 

field studies structures were evaluated for their operational integrity threats to 

public safety or as nuisances, and access for maintenance. We found inadequate 

or dangerous operational conditions across all types of stormwater control devices 

in the combined sample of the four communities. However, the percentage of 

structures with problems was generally quite low, less than ten percent in most 

cases. The results from the field work are consistent with the phone survey in 

that while problems were found, they do not appear to be serious. 

Along the dimension of operational integrity, structures were evaluated to 



see i f  there was clogging, sediment buildup, deteriorated structures, subsidence, 

and signs of erosion. Figures 2 through 7 summarize the results for these 

measures. For example, for clogging, less than 7 percent of the facilities were 

deemed to be in a "dangerous" condition for all categories of structures. Even if  

we combine the ratings "inadequate" and "danger", most of the facilities have 

fewer than 10 percent of their number in an undesirable state. The results for the 

other evaluative measures of operational integrity show the same pattern. 

Two major findings stand out from Figures 2 through 7. Sediment buildup 

FIGURE 2 Clogging and Blocking of Structures 

LLflE?YATZ-no major 
block y t  

WADEQUATE-major 

and clogging are the two most seriolls problems. For structural integrity, 

subsidence, and erosion, generally 80 percent or more of the structures were rated 



FIGLRE 3 Sediment Buildup 

Definitions: 
GOOD-bulldup 

below norms 

good. However, for sediment buildup and clogging. generally no more than 70 

percent of the stnrctures were rated good. While most of the remaining structures 

were rated adequate, these t\vo evaluative measures di5play substantially more 

problems. 

The second important finding in these figures is that detention ponds 

generally had the most problems across all the operational integrity measures. 

This result is probably because detention ponds require more maintenance but 

are not receiving it to the extent needed. This finding is important because of the 

likelihood that detention/retention facilities are likely to be used more in the 

future to meet water quality goals. Greater reliance on these structures may 

mean more maintenance problems and require more resources. 



FIGURE 4 Condition of Pipes and Channels 

DelhlUorrr: 
COOD-no cracks 

or boles 
ADZQUATE-no 

n r i o w  d e f e c t s  
KADEQUA'IZ- 

crarkr/hokr 

h'otes taken in the field also support the importance of good design 

identified in the phone survey. A number of the problems observed with 

clogging, sedimentation, and erosion could have been addressed by better design. 

which would have prevented the problems obsewed. 

Similar to the evaluation of operational integrity, the field assessments 

indicate that while a number of public safety and nuisance problems were 

observed, they were not widespread. Vegetative overgromqh and debris 

accumulation problems were most pronounced both in areas behind commercial 

shopping compIexes and outlying residential areas. The use of 

retentionldetention facilities as dumping grounds was noted in three of the four 

jurisdictions. Figure 8 shows that 95 percent or more of the stn~ctures were rated 

30 



FIGURE 5 Subsidence Along Channels and Ponds 
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good or adequate with respect to debris and trash. Again, detention ponds were 

the largest problem area, but only a very few were eyesores. Ground and curb 

gutter inlets located at commercial shopping centers became eyesores when 

shopping bags and other debris were allowed to accumulate on the grating. 

Likewise. roadside drainage channels can be eyesores if debris is not kept to a 

minimum. 

Serious algal growth, odors, and mosquito problems were relatively rare. Only 

one retention and one detention basin had large algal blooms. Odors were strong 

at the one retention basin with stagnant water and also at some ground gutters 

that contained standing water and rotting debris. Mosquitoes were noted in 

modest quantities in some of the outlying retention/detention facilities, but none 



FIGURE 6 Downstream Outlet Erosion 
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had quantities that could be construed as excessive. Those findings. however, 

might have been very different had the suivey been conducted shortly after a 

period of wet weather. 

A recurring problem revealed in this survey, but not touched upon in the 

literature, are the hazards presented by missing or broken junction box covers. 

While our survey suggests that such problems are not rampant, we did find the 

problem in all four jurisdictions. Common sense dictates that most people will 

avoid falling or crawling into large deep holes. However, at several sites. 

pedestrians would not be aware of the hazard until they were immediately upon 

the impaired structure. Moreover, overly curious or reckless children are likely to 

be injured regardless of the apparent risks. This finding underscores the 



FIGURE 7 Upstream Inlet Erosion 
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importance of periodic maintenance checks from both a public safety and risk 

management perspective (i.e., liability issues). 

Periodic maintenance checks are also needed to ensure that safety fencing and 

other landscaping are adequately maintained to keep children out of prohibited 

areas. We found that about ten percent of the detention basins with fencing 

would be ineffective in restricting access because of damage or poor design of the 

fencing. These were typically found behind commercial shopping plazas or in 

outlying sections of residential deve1opment.s. In addition. about three-fourths of 

the retention and detention basins sunteyed did not have any safety fencing; about 

tulenty percent of those needed safety fencing due to the water depth in the basin. 

steepness of embankments, and proximity to residential areas. 



FIGURE 8 Debris and Trash 
1 

I 

The final evaluation category was maintenance access. On the \\.hole, most 

stormulater management devices are situated in locations that are easily acceszed 

by maintenance vehicles and crews (see Figure 9). Only seven percent of the 

detention basins had clearly inadequate room for long-term maintenance needs. 

The most common problems were fencing with limited gate access, facilities 

located in wooded areas, and devices located too close to structures. 

Embankments were too steep for mechanical mo\iTer maintenance at one-third of 

detention basins and about eleven percent of the vegetative channel segments. 

Many of the overgrowth problems existed at detention basins that were clearly too 

steep for mechanical mower use. Thus, while steeper detention embankments 

(and deeper basins) preserve more lot area for development, such designs may 



FIGURE 9 Access to  Structures 
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lead to long term problems by making maintenance more difficult. 

As noted in section one of the report, there is no clear consensus on 

whether stormwater management should be primarily a public or private 

responsibility. The field survey results do not shed any definitke light on the 

issue either. The combined data suggest that public sector facilities perform only 

slightly better than their private sector counterparts across nearly all categories. 

For example, public sector stormwater facilities reveal a slightly lolver percentage 

of devices that were inadequately or dangerously blocked (5 percent), as 

compared to private public sector components (8 percent). Ho~t-ever. the public 

sector sample is not directly comparable to the private sample because it under 

represents culverts and detention basins (the tulo devices that proportionately 



have the greatest blockage problems). Similarly, erosion appeared to be slightly 

less troublesome in the public sector sample (8 percent of the public devices as 

compared to 12 percent of the private devices had inadequate maintenance or 

dangerous erosion problems). However, considerably more concrete lined 

channel segments are found in the public sample, and more natural channel 

segments are found in the private sample. No discernible differences were found 

in the areas of maintenance design and nuisance control. 

A review of qualitative field notes suggests, however, that public stormw 

systems are generally better maintained than their private sector counterparts 

ter 

But, that impression again may also be the product of sample differences. host  

of the public stormwater devices sumeyed were located along major and minor 

arterials. And as noted above, facilities located in prominent, visible locations 

tend to be better maintained than those located in more obscure locations. The 

private sector sample is replete with obscured facilities. 

Finally, three recurring patterns of problems were identified in the field 

surveys that raise important maintenance design considerations. First, exposed 

culvert sections (especially those of plastic or PVC composition) along roadways 

and driveways appear to be highly susceptible to damage from vehicles. This 

suggests that future stormwater designs should ensure adequate protection of 

culverts or where portions of culverts are likely to be exposed to vehicular impact. 

culverts should be of concrete or metal construction. 

Second, detention basins with junction box spillways and grated covers tend to 



be much more susceptible to clogging than basins with open concrete weirs or 

vertical riser pipes. That patfern was consistent across all four jurisdictions. This 

suggests that the use of junction box spillways should either be reconsidered, or 

alternative low maintenance covers should be developed to keep spillurays clear of 

debris. 

Third, stormwater management facilities located out of sight of vehicular or 

pedestrian traffic tend to be highly susceptible to all kinds of problems, including 

blockage, erosion, sedimentation, dumping, overgronzh, vandalism. and general 

neglect. The old adage "out of sight out of mind" appears to hold ezpecially tnie 

for stormurater facilities located behind commercial shopping complexes and in 

remote sections of older residential areas. Conversely, stormivater facilities 

located in prominent locations or that are components of amenity designs (e .~ . .  

fountains or a mini-park) tend to be well maintained on the whole. Visually 

prominent stormwater control facilities appear to create a maintenance incenti\,e 

for all types of property ouners ( e g ,  mainrenance of business image. social 

expectations, and homeowner association covenants on property upkeep). Thus. 

when construction plans and topography permit, storm1tvater drainage facilities 

should incorporate an amenity design or, at a minimum, be located in lisible 

areas so that property owners have an incentive to properly maintain them. 

3.5 Future Stormwater Concerns 

One of the major upcoming issues for urban stormivater management is the 

new €PA pollutant permitting process for controlling stormwter runoff to 



improve water quality. noted earlier, the North Carolina results support the 

concern that stormwater sediments may carry pollutants. Additionally, erosion 

and sedimentation even without pollutants can seriously degrade water quality. 

Although initially limited to large cities over 100,000 in population, EPA 

regulations wil l  gradually be expanded to most cities. In the phone suwey, most 

respondents indicated that they were at least aware of the new process. In 

smaller cities (population 5,000-9,999) sixtytwo percent were a w r e ,  while as 

~ ~ * o u l d  be expected of the large city respondents, most indicated they knew of the 

upcoming regulations (more than ninety percent). When asked whether they were 

responding to the EPA regulations, :ess than ten percent of the respondents from 

small cities indicated they had taken some action while all of the stormwater 

managers in cities over 100,000 said they had. Many of the respondents, 

particularly in smaller toums, expressed great concern and uncertainv over the 

future implications of the new EPA process. At the time of the suwey it  was not 

clear what corrective actions would be required of cities for violations, but several 

respondents expressed concern that implementing the process \ilould greatly 

increase financial demands on local governments and private developers in Korth 

Carolina. 

In a further effort to understand priorities, respondents \!*ere asked whether 

stormwater management should receive additional investment if resources were 

available. Two-thirds of the respondents indicated that they would invest 

additional community resources in stormwater management over other public 



TABLE 8 Future Stormwater Priorities 
needs. Respondents in cities in 

the coast and mountain regions 

and in cities between 5,000 and 

25,000 in population were 

particularly more likely to 

respond affirmatively. Table 8 

show that respondents 

indicated they would place 

additional resources primarily 

in upgrading their existing 

Cbanges Respondents \Vould Make to Their 
Stormwater Management Program if More 
Resources Were Available 

Upgrade Existing System 57.0 

Change Existing Regulations 29.1 

lmprove Maintenance Program 26.7 

Develop a Comprehensive 25.6 
Improvement Program 

Authorize Study/lnventory of 18.6 
Existing System 

Pipe Open Ditches 12.8 

Other 23.3 
- - 6 Cmes 

stormtrTater systems, but that changing regulations, inventorying the system. and 

planning would also be likely targets of additional resources. 

It is unclear, however, if there wi l l  be support at the local level for 

increases in resources for stormwater management. Storm\rpater runoff may not 

he a politically viable issue in North Carolina communities. On a scale from 1 to 

10 (\krith 10 being very important), stormurater managers rated their functions as 

moderately important (an average value of 6.7). However, when asked to assess 

the importance of stormwater management to local elected officials. the average 

was lower (5.7 on the scale of 1 to lO).When asked whether locally elected 

officials had demonstrated a commitment to addressing stormwater problems 

through positive actions, nearly one-third of the respondents said no. These 

results suggest that controlling stormwater runoff may be comparatively low on 



many jurisdictions' political agendas. In part, that may stem from the fact that 

most areas appear to have adequate protection, current funding appears sufficient, 

and stormwater facilities (and benefits) are not usually obvious nor supporred by 

regular constituencies except after failures. 

3.6 The State of Stormwater hiaintenance in North Carolina 

The phone and field surveys provide both a comprehensive and reasonably 

detailed look at stormwater management in North Carolina. Several important 

findings stand out, particularly with regard to maintenance. First. s~orrn\m~er  

maintenance does not appear to be a serious problem in Korth Carolina cities at 

the present time. While problems were revealed by both sunreys. they did not 

appear to be uidespread or serious in most cases. However, this finding should 

he qualified by the differences observed between conveyance and de~ention 

facilities. As noted, most stomwater systems emphasize controlling flooding with 

less than one-quarter mentioning protecting water quality as a goal and only n few 

systems having publicly owned/maintained detention facilites. Although. the 

evaluative measures used here do not suggest that maintenance of detention 

facilities is generally bad, these structures were noted as having more problems . 

While actual assessments of water quality were not done as part of this research. 

the results suggest that many detention facilities not be as effective as desired due 

to inadequate maintenance or possibly poor design. Furthermore, because water 

quality problems are less likely to be obvious compared to flooding. maintenance 

of detention facilities may be poorer than the results reported here indicate. 



Consequently, the conclusion that maintenance in Nonh Carolina is not a 

problem may reflect systems primarily designed to reduce flooding and the lack of 

more rigorous data assessing water quality. With these caveats, a n e n t  funding 

and practices appear to be working in most localities. 

Second, when characterizing both the reason for many current failures as 

well as additional needs in stomwater management, planning and design may be 

much more critical than maintenance. There is evidence that uider application of 

standards as well as more stringent standards for public and private structures 

may be important for reducing stormwater problems. Additionally, better 

planning in anticipating future private development and considering basinwide 

solutions may also yield substantial benefits. Maintenance cannot be ignored. hut 

many current problems can probably be avoided by planning and design 

improvements. 

Third, although maintenance does not appear to be a problem at present. 

several factors may change in the near future to make maintenance a problem. 

First, if expenditures for maintenance and construction are below what is needed. 

as many respondents felt, continued levels of funding may not keep up with 

growing problems. This may be further aggravated as structures age and begin to 

require more work if operational effectiveness is to be maintained. although that 

is only a speculative assessment. A second factor which could worsen the problem 

in the future is the lower importance eleaed officials attach to stormwater 

management. If fiscal pressures continue at the state and local levels. postponing 



or cutting maintenance may be viewed as an expedient means for balancing 

budget shortfalls. A third fador which may cause future problems is the growing 

concern over stormwater quality, most notably through the EPA's new stormwater 

pollution permitting process. In order to achieve water quality goak, it may 

become necessary to increase expenditures for stormwater facilities, particularly 

detention facilities . Not only do these structures appear to have more 

maintenance problems and probably require more monitoring, but the issue of 

sediment disposal is likely to get more complica~ed and expensive with growing 

concerns about waste disposal. These three factors are potential threats and m3y 

make maintenance more difficult. However, at present their likely impact is not 

clear. 



4.0 RECOMhIEKDED STORMWATER M A J m X A N C E  PRACTICES 

The previous section provided a comprehensive look at the state of 

stormwater management in North Carolina While this provides a good 

understanding of what is being done, it is not necessarily what should be done. 

The available data did not enable us to evaluate what were the best practices for 

stormwater management. To complement the state of practice assessmenr, live 

solicited the judgements of a panel of stomwater experts to make 

recommendations where posible on the same sets of issues covered in the other 

two surveys. 

4.1 Stormwater P l a n n i n ~  and Renulation 

A11 of the expert panel felt that there was a need to pay more attention to 

designing stormwater facilities. Many of the panel members stressed that many 

maintenance problems or even failures could be attributed to poor design. Design 

may be particularly critical if there is a lack of commitment to maintenance as 

there can be some tradeoffs made between these two steps in the storm\{?ater 

management process. 

The panel made a number of suggestions for improving design and 

management of stormwater facilities. A list of ten suggestions backed by four or 

more of the panel members is provided in Table 9 (the complete list of 

suggestions can be found in the second round survey in Appendix C). A$ can he 



TABLE 9 Design Recommendations 
noted in Table 9, many 

of the recommendations 

made focus not on 

physical site design but 

on planning for 

interactions between 

structures, groWh in 

development, or 

interactions with non- 

stormwater functions. 

These responses indicate 

that in addition to 

focusing effort on 

improved physical 

Evaluate each component in the system for 
compatibility with a) other system 
components, b) site characteristics, and c) 
anticipated upstream development. 
Establish standards that take into account long- 
term maintenance costs. 
Inspect construction site regularly during 
installation for quality assurance. 
Accept only designs certified by professional 
engineers. 
Systematically re-evaluate design and design 
criteria for future improvement. 
Design systems to be visually attractive or senre 
as recreational facilities to encourage support 
for and attention to maintenance. 
Keep maps of system on file by watershed and 
update re ylarly.  
Require maintenance manuals as part of facility 
design. 
Require bypasses for storms larger than the 
design s tom.  

10. 1ncr;ase minimum design standard to 
automatically accommodate new development. 

designs, there is a need to make sure the design process is broadened beyond 

engineering concerns to include operations, finance, population gro\ilh, amenities, 

and intergovernmental politics. Some of these recommendations may be difficult 

to implement at the local level, particularly if funding is tight as many of the 

North Carolina respondents indicated in the phone survey. Where possible. i t  

might be useful for state or federal agencies to research some of the 

recommendations to determine how best to make them operational for local 

governments. 



Delphi panelist were also asked what would be the best division of 

responsibilities between the public and private sector for managing storm\irafer. 

Responsibility for stormwater management is divided between the private and 

public sectors in many different ways across the country. In the first round of the 

Delphi survey, the panelists reflected this spectmm of opinion with some 

recommending total public sector control and others total private sector 

responsibility. The question was posed separately for linear conveyance structures 

such as channels and detention facilities such as ponds. Several authors in the 

literature have suggested that responsibility should be treated differently for these 

t\tro types of facilities. However, by the second round of the Delphi survey, the 

panelists showed no difference in their answers by facility type. 

Most of the panelists chose a stalement which recommended that the 

division of responsibilities should depend on the type and scale of facilities. 

Larger and regional facilities should be completely a public responsibility \ M e  

structures serving small sites and indi~idunl subdivisions should be privately 

designed, financed, and constructed but then dedicated to the public for 

maintenance and improvements. Several panelists felt that the division should 

also be based on land use type with commercial and industrial sites being a 

private responsibility but residential sites a public charge. 

The most common rationale for the division of responsibilities 

recommended was that private construction of facilities was generally acceptable 

hut that private maintenance rarely was adequate. Many cities already follow this 



approach. If more cities were to foollow suit for dl stomwater facilities, public 

sector maintenance responsibilities would be expanded significantly. 

4.2 Finance of Stormu.ater Maintenance 

Panelists were asked how stormwater maintenance should be financed. 

The panelists produced a mixed set of responses to this question. Approximately 

one-third felt that funding should be left to the organization (public or private)) 

with responsibility for the facility. However, two-thirds felt that the public sector 

should establish a stormwater utility to finance maintenance and possibly 

construction as well. Actual maintenance could be done by the public sector or 

by a private contractor, but the money \vould be raised by charges publicly. There 

were a variety of methods recommended to make assessments including basing 

them on property value, land area, and impermeable surface area. Interestingly. 

not one of the panelists recommended continued reliance on general funds, which 

was found to be the most common funding source for storm\vater management in 

North Carolina. Panelists also were asked whether funding should differ 

depending on the type of facility (linear conveyance versus detention) but u with 

the question on responsibility there was no difference. This strong 

recommendation for a utility approach to financing stomwater management 

partially reflects a growing national shift from tax-based revenues to user fees. 

However, many of the panelists and authors in the literature a r y e  that a utility 

approach would be more independent of the budgetary process and hence ensure 

a more reIiable resource base for maintenance. 



4.3 Stormwater Maintenance Practices 

The stormwater literature often emphasizes a preventative approach to 

maintenance while observing that in practice maintenance is done on an as- 

needed basis. This split in strategies was also noted in the phone survey and 

echoed by the Delphi panel. Initially, most of the panel expressed a preference 

for a preventative approach but set varying standards. By the end of the second 

round of the survey, a combined approach was recommended by most of the 

panel. For about half this meant follouing an as-needed approach for most ~iqork 

but ha\ing an aggressive inspection program to catch problems early. For the 

others a combined approach was necessary because of differing needs depending 

on season, age of structure, and type of structure. Thus, the choice benveen 

preventative and as-needed strategies may be complex and contingent on various 

factors. This does not mean, however, that maintenance should be ad hoc. 

Rather it suggests an approach that husbands tight resources in \trays that will va9.  

by location. Thus, hard and fast rules may not be advisable. 

Because of the importance placed on inspection in the combined strategies. 

the panel members were asked to indicate how often they felt inspections should 

be done to be effective for different types of structures. For most of these 

assessments, there was no clear recommendation by the panel. However. most 

felt that inlets and infiltration trenches should be inspected quarterly or monthly. 

while ditches, channels, detention and infiltration ponds, and culverts should he 

inspected semiannually or annually. In addition to these regular inspections for 



maintenance needs, most of the panel recommended inspections for new 

stormwater facilities upon completion or during construction, for all facilities 

when construction or land disturbance nearby may create obstructions, and for 

facilities after significant storm events (possibly defined as the design storm) to 

detect damage. 

While a regular inspection piogram may be the most critical element, the 

expert panel also made recommendations for: 

Cleaning 

Trash or Brush 
Removal 

Removal of 
Sediment 

Spraying for 
Mosquitoes 

About half the panel recommended regularly scheduled 
mowing usually monthly during the grow4ing season. The 
other half recommended mowing only \\then inspection 
revealed it  to be necessary. 
Panel members recommended cleaning inlets and culverts 
only after inspections. The panel felt this should be done 
where regular inspections revealed it  necessary while half of 
the panel also felt inspections should be made after large 
storms. 
The panel thought trash or brush remo\ial should take place 
only when regular inspections revealed it  necessary. Se\rernl 
panelists also thought this should be done after major storm 
events. 
Panelist felt there was a need for regular inspections of 
detention ponds, infiltration trenches, and infiltration ponds 
to determine when sediment removal \vas needed. However, 
there was no clear consensus on how often these inspections 
should take place. Few of the panelists thought this needed 
to be done annually. 
Several of the panelists thought this should be done after 
regular inspections indicated the need, but two-thirds of the 
panel argued for relying on the recommendations of local 
health officials. 

When planning maintenance needs, in addition to frequency of tasks. i t  is 

necessary to know the level of effort that will be required. For each of the most 

common facilities noted in the North Carolina phone survey, the expert panelists 



were asked to estimate over the course of one year how much maintenance effort 

would be needed in person-weeks and for equipment or material expenditures. 

Nine panelists answers for this question. The rest did not feel adequately 

qualified to make estimates because they did not have operational experience. 

There was less consensus on the level of effort needed than any other question 

asked of the experts. This may be due to differences in standards for work. 

experience in different physical settings,'or some other set of factors that can not 

he easily captured in a general set of recommendations. Consequently, the 

e5timates reported here indicate the most common answer and the range of 

answers. Estimates for different structures include: 

Inlets 
(per 100) 

Culverts 
(per 100) 

Ditches 
Channels 
(per mile) 

Concrete 
Channels 
(per mile) 

Detention, 
Retention 
Ponds 
(per acre) 

An estimate of 2 person-ueeks was the most common answer but 
the responses ranged from one day to six weeks. Estimated 
equipment and other capital costs were 5500 with the responses 
ranging from S 100 to SS00. 

The most common estimates of needed labor were 3-4 and 14 
person week  per year. The responses ranged from one to forty 
weeks. The estimates of equipment and capital needs were 52,000 
to $4,500 with the lower estimate being chosen slightly more often. 

Two person-weeks per year was the most common estimate of 
needed labor per year with responses ranging from one to eight 
weeks. Equipment and capital needs were estimated at between 
$500 and $1,200. 

No estimate was cited by more than two panelists for labor needs: 
the range was from twenty hours to four weeks per year. Equipment 
and capital costs were estimated to be between $300 and 5600. 

An estimate of 3 person-weeks was the most common answer wi th  a 
range from twenty hours to four weeks. Equipment and capital 
costs were estimated to range between $400 and 5500 per year. 



Infiltration Two person-weeks was the most common answer with the range 
Ponds between twenty hours and four weeks. Most of the respondents 
(per acre) felt equipment and capital costs should be around $85 per year with 

one estimate going up to $600. 

Infiltration Three person-weeks was the most common answer with the range 
Trenches between one and three weeks. Equipment and capital costs were 
(per 1000 ft) estimated at $150. 

In  general respondents felt that the same facilities in the coastal region would 

require about ten percent more effort to maintain than a similar structure located 

in the Piedmont; however, they felt there would be little difference in 

maintenance effort needed when comparing the Piedmont and mountains. 

3.4 Sediment D i s ~ o s a l  

The experts in this panel believed the disposal of accumulated sediments 

was or would soon he the most pressing issue for stormtvater maintenance. There 

was general concern that not enough attention was being given to this issue by 

, local or state officials. While the need for reflection \bras agreed on. there \m no 

consensus on the appropriate strategy to address this problem. Three roughly 

equal groups formed. The most common recommendation was that the state 

needs to perform studies to determine the level of hazard associated w i t h  dredged 

materials. These experts thought this might need to be both research for 

generally assessing the problem and actual regulatory tests on all dredged 

sediments. A second group of panelists felt that testing should be done but only 

on sediments of a certain volume and then disposed in accordance with existing 

regulations. Finally, a third group felt that current policies were adequate and 

there was no need for additional effort on this issue. While the experts disagreed 



about the adequacy of existing regulations, they clearly indicated that local 

governments should consider this problem before the need for disposal became 

immediate. Waiting for the first sediment to be dredged risked creating policy in 

a public setting that might be hostile, such as the public controversies surrounding 

other efforts to dispose of trash and hazardous materials. 





5.0 POLICY REC0hMEhl)ATIONS Air) FUTURE RESEARCH 

Stormwater maintenance has not been seen as a pressing concern in most 

local governments and has not been researched extensively. In part, this may 

reflect the absence of serious problems with maintenance at this time. While 

stormwater maintenance does not appear to be a pressing problem in the state at 

this time, there are nevertheless some improvements that are worth considering 

and research questions that need addressing. 

5.1 Policy Recommendations 

Stormwater management and particularly maintenance has traditionally 

been a local activity. However, the state and federal government have programs 

such as flood control and water quality protection which affect and are affected by 

local policies. Consequently policy recommendations can cross all three levels. 

As noted earlier, the need for changes may not be great in most cities. However, 

we offer the following three policy recommendations. 

1. Local governments should pay more attention to desim and ~ l a ~ n r !  of their 

stormwater svstems. 

As noted in the phone survey results, many of the reported problems with 

stormwater systems in North Carolina appear to relate directly to inadequate 

facility design or system-wide planning. Adopting more stringent standards or 

spending more time evaluating basin-uide concerns would probably reduce many 



of the reported problems. Planning for changing development and aging 

Sastructure should be priorities for most cities. Coordination by public works 

or engineering departments with other local government agencies, particularly 

planning and finance could help broaden the knowledge base and improve long- 

range planning. 

State and federal authorities can support this recommendation by providing 

assistance and coordinating the range of relevant programs. The likelihood of 

additional assistance to localities for conducting stormwater planning seems 

minimal given state and federal budget constraints at this time. However, it may 

be possible for state and federal agencies to use existing programs and resources 

in a manner which helps local governments improve stormwater management. 

The wide range of non-local programs promoting flood control and water quality 

improvements may be able to provide assistance to localities which promotes 

stormwater planning. At a minimum, sensitivity to local needs by state and 

federal officials when designing requirements such as the new EPA NPDES 

permitting for stormwater could help local governments avoid uncoordinated 

efforts. 

2. Local eovernments may need to increase monitoring of structures desimed to 

protect water qualitv. 

As noted fiom the field survey, detention and retention facilities were 

observed to have more problems. Although actual tests of water quality were not 

done as part of this research, the findings suggest that these structures have more 



problems. Furthermore, because failure to protect water quality may not lead to 

obvious problems as with flooding caused by failure of conveyance structures, 

water quality problems may go unnoticed longer. Local governments may need to 

inspect these facilities more frequently in order to ensure their effectiveness. 

Additionally, monitoring may require additional training or staff and equipment in 

order to actually evaluate whether structures are meeting water quality goals. 

With new state and federal regulations, maintenance of detention and retention 

facilities is likely to increase and may create new problems. 

3. Begin considering ~olicies to deal with sediment disposal. 

This should be a concern for all three levels of government and to varying 

degrees this issue is already being addressed, particularly at the federal level. The 

EPA's new regulations for controlling urban runoff may potentially alter 

stormwater management at the local level significantly. Greater use of 

detention/retention types of facilities is likely if local governments need to meet 

stricter water quality guidelines for urban runoff. As noted in the phone survey 

results, few cities in North Carolina have public detention facilities. This appears 

likely to change. Additionally, although no estimates are available, there has been 

a definite increase in the use of these facilities by private developers and land 

owners. Heavy metals and other toxic materials in the dredged sediment from 

these ponds have been found in numerous research studies (see for example U.S. 

EPA, 1983) and confirmed in our survey of North Carolina cities with dredging 

experience. If these facilities take ten to twenty years to fill up, the problem may 



be accumulating now but not require public action for several years. Beginning to 

consider what to do about dredged sediment now is advisable. With only a few of 

these facilities, the problem does not appear significant. However, with much 

greater use or the passage of time, this assessment might cbange. For local 

governments this may mean setting up the means to test and handle dredged 

material, identifymg possible disposal sites, and earmarking funds for disposal. 

For the state and federal government it may mean attempting to determine 

whether it is necessary to strengthen regulations for disposal of dredged material 

and conducting studies to help local governments assess the problem. 

5.2 Future Research 

In the course of this research project, the answers to several questions were 

sought and found to varying degrees. Based on this work we suggest that the 

following issues may be areas for fruitful future research. 

1. What are the implications of ~otentially meater use of stormwater 

detention/retention facilities? 

Detention ponds are being increasingly advocated by many experts as a 

means for improving water quality from urban runoff. It seems likely that use of 

this type of facility will increase with EPA's new regulations. Greater use of these 

structures may have important implications for local stormwater management. 

Estimating the potential volume of dredge material and what to do about it are 

two issues touched on several times already. As noted in the phone survey and 

field evaluations, detention facilities tend to require more maintenance effort and 



generally have more problems. Furthermore, the land requirements for detention 

facilities are different and may be difficult to meet in some urban situations. 

Available research noted earlier provides a reasonable base for estimating the 

effect of such detention facilities on water quality. However, understanding the 

implications of a shift from conveyance to detention facilities needs to be studied 

further. 

2. What are the long-term maintenance costs and practices of different stormwater 

structures? 

The Delphi panel and the phone survey results provide an initial answer to 

this question but probably do not go far enough. We found great variation in 

reported system-wide costs and maintenance practices. The level of analysis 

possible in this study did not allow us to account for these variations in a 

systematic fashion nor determine which were most effective. More detailed study 

of this question may help to both explain the reasons for the variation and 

possibly suggest how improvements could be made in local maintenance practices. 

In particular it may be possible to identify practices which are most effective for 

systems performance and cost minimization. Such research would help 

stormwater management agencies do a better job of planning maintenance tasks 

and expenditures. 

Another important aspect of this question is the tradeoff between design 

and maintenance. Paying greater attention to planning, design, and construction 

may be an effective way of reducing long-term maintenance costs. Given that the 



funding for maintenance tends to be less secure and that there is an attitude to 

ignore stormwater structures once in tbe ground, a greater focus on design may be 

a preferable stormwater management strategy. However, further work is needed 

to determine what the tradeoffs might be and what minimum thresholds should 

not be crossed. Further evaluation of what maintenance is required by different 

designs may help clarify preferable approaches. 

3. What is the best method for financing stormwater management? 

While the Delphi panel and much of the relevant literature has suggested 

that localities should switch to a utility approach, more research comparing 

different funding strategies is needed to assess the benefits and practical 

implications of such a change. At present in North Carolina as in most of the 

United States, stormwater maintenance is funded through local general 

government revenues. The state of North Carolina has recently passed legislation 

allowing cities and counties to create and finance local stormurater utilities 

(Holman 1991). Several cities contacted through the phone survey indicated they 

were considering this method of financing for maintenance and construction of 

stomwater facilities. This alternative may be especially worthwhile now given 

budgetary pressures across much of the state. If a number of North Carolina 

cities begin to adopt this approach, it may provide an opportunity to study its 

applicability in the state. Research evaluating the equity and efficiency of such a 

financing strategy would be useful as well as would be work studying what bam'ers 

to implementation exist. 
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U P E N D I X  ci NORTH CAROLINA ClTY SURVEY 



Forth Carolina Cities Included in Phone Survey 

Aboskie 
Alberrnarle 
Apex 
Archdale 
hheboro  
hheville 
Ayden 
Behont  
Bessemer City 
Black Mountain 
Boone 
Brevard 
Burlington 
&rrboro 
C;iry 
Chapel Hill 
Charlotte 
Chcrryville 
Clayton 
Clemmons 
Clinton 
Concord 
Conover 
DUM 
Durham 
Eden 
Edenton 
Elizabeth City 
Faye t teville 
Forest City 

Garner 
Gastonia 
Goldsboro 
Graham 
Greensboro 
Greenville 
Hamlet 
Havelock 
Henderson 
Hendersonville 
Hickory 
High Point 
Hope Mills 
Jacksonville 
Kannapolis 
Kernersville 
Kings Mountain 
finston 
Laurinburg 
Lenoir 
Lexington 
Lincolnton 
Lumberton 
Ma thews 
Mint Hill 
Monroe 
Mooresville 
Morehead City 
hlorganton 
Mount Olive 

Mount Airy 
New Bern 
Newton 
Oxford 
Raleigh 
Reidsville 
Roanoke Rapids 
Rockingham 
Rocky Mount 
Roxboro 
Salisbury 
Sanford 
Selma 
Shelby 
Srni thfield 
Southern Pines 
Springlake 
Statesville 
Tarborro 
Thomasville 
Wake Forest 
Washington 
Waynesville 
Whiteville 
Williamston 
Wilmington 
Wilson 
Winston-Salem 



Phone Sunlev for Stormwater Maintenance 
Revised as on 7/26/90 

Date of Call: 

NAME: 
CITY: 
POSlTl Oh': 
DEPARThlENT: 

i2s 1 mentioned over the phone earlier, we are conducting a study for the North Carolina 
Water Resources Institute. The h t i t u t e  is interested in the need to develop effective 
methods for operating and mainraining srormwater management systems so that water 
quantity and warer quality benefits can be realized and sustained over time. We are seeking 
your answers to this phone survey to help us understand what communities across the sutr 
are currenlly doing. 

If you would like we will be happy 10 share a copy of the resuln with you when the work 
is compkted. 

1. COMMUNITY AND SYSTEM CHARACTERISTICS 

First, I'd like to ask you a series of questions about your communiry and its stormwater 
sysr em. 

How imponant 10 YOU is s!ormwater runoff relative to o ~ h e r  
communiry concerns, on a scale of 1 to 10 with 1 being not important 
and 10 being very importam? 

2. How important is stormwater runoff lo local elccred officials relative to olher 
community concerns, again on a scale of 1 to 10 with 1 being not important and 
10 being very important? 



3. Over the last five years in your community have any of the following stormwater 
problems attracted your attention? 

lw"PS (CHECKOFF \\WERE INDICATED) 

a. Nuisvlce flooding 
b. Property damage flooding 
c. Poor waler quality in streams 
d. trash debris in streams 
e. loss of life 

Are there any other stormwaler problems you've noled not mentioned? 
f. other?? 

h o v e r  the last five years in your community have any of the same following 
stormwater problems atuacted the attention of locally elected officials? 

TYPES (CHECKOFF WHERE INDICATED) 

a. Nuisance flooding 
b. Propcr~y damage flooding 
c. Poor water quality in streams 
d. t r ah  debris in streams 
e. loss of life 

Again, are there any  other stormwater problems not already mentioned which 
have drawn the attention of l o d  officials? 
f. others??? 

(IF ANY PROBLEhIS ARE NOTED FOR PUBLIC OFFICIALS THEN ASK 
QUEST1 OK dB, OTHERII'ISE S U P  TO 5) 

4b. Have your locally elecled officials demonstrated a commitment to addressing 
stormwater problems through positive actions? 

4c. Is stormwater management an open political issue or is the problem 
considered "solved" from a political viewpoint? 

(PROBE: i f  unresolved, ask what the outstanding issues are, if 'solved", ask how 
it was resolved) 



ja. Wbar are b e  goals of slomwater management in your cornmunrry: 
(Leave question open-ended, likely responses which can be checked include: 
a. prevent nuisance flooding 
b. prevent property loss 
c. prevent loss of life 
d. protect water quality 
e. ensure equitable payment for public improvements 
f. provide greenspace 
g. other?? 

(IF Ah'Y GOALS IDEKTIFIED, ASK j b  OTHERWISE SKIP TO 6A) 

5b. Are she goals formally noted in some document/regulatiom or are they  
informal gods? 

(1F YES, IN A DOCUMENT, ASK jC, OTHERWISE GO TO 6A) 

Sd. Could you send us a copy? 

6a. What percenlage of b e  community has adequate protection against 
stormwater problems? 

(IFAh?THlNC LESS T M T  100 PERCENT ASK QUESTlOS 6B, OTHER\VISE 
S U P  TO 7A) 

6b. \ f i a t  is lacking in hose areas withoui adequale prosecrion? 

Why? 



7a.Does your community have any of the following public facilities 10 manage 
stormwater and if so how much? 

HOW MUCH or 
TYPE % o f  AREA 
a. inlets 
b. culverts 

- - -  

c. underground pipes 
d. concrete stormwater channels 
e. drainage ditches 
f. detention ponds 
g. infiltration ponds 
h. infiltration lrenches 
j. other 

(IF AhY ARE NOTED ,%SK QUESTION 7B, IF THERE ARE NO PUBLIC 
FACILITIES GO TO 11) 

7b. Is this information about stormwarer facilities contained in a capital f a d  ities 
plan? 

(IF YES THEN ASK 7C, OTHERWISE GO TO 8) 

7c. Could we get a copy 

8. Who is responsible for b e  following activities with public slormwarer facilities? 
(LEAVE OPEN-ENDED BUT POSSIBLE C O ~ ~ B I K A T ~ O N S  OF ACTlVlTl ES 
AND AGENCIES INCLUDE) 

a. OPERATION 8: ~IAINTENANCE PUBLIC WORKS DEPT 
b. NEW CONSTRUCTION STOR~~WATER UTILITY 
c. INSPECTlONS STREETS DEPT. 
d. PLlh'SIDESI GN STOIUIWATEK DEPT, 

Engineering Dept 
e. other PIAWNING DEPT, 

NO DESIGNATED BODY 

PRIVATE k! DOWNERS 

OTHER 



9. If rhere are public faciliu'es, what is the design storm standard used? 
(LEAVE OPEN-ENDED BUT LIKELY CHECKOFFS INCLUDE) 
a. 2-year srorm 
b. 5 year 
c. 10 
d. 20 
e. 25 
f. 50 
g. 100 
h. other?? 

10. Is consrruc~ion, operau'on, and maintenance of public facilities limited to city 
limits or does i t  follow other jurisdictional or physical boundaries? 

LI so, then what type of boundaries? 

11. Is the planning of stormwater facilities done on a site by site basis or does it  
follow a jurisdiction wide plan? 

11. FlNfi1CING AND LEGAL CONCERNS 

KO\V I'D LIE TO G K  YOU SOME QUESTIONS ABOUT THE FINmCING f i l D  
REGULATION OF STOR\I\YATER   MA CEMENT IN YOUR COSlhlUSITY 

12. What is b e  current (Gscal 90/91) funding level for stormwater management 
in your community? 

(1F THERE IS KO CURRENT FUNDING ASK) 
Has there been funding in tbe last five years? What was the average amount? 

(IF THERE IS NO FUNDING CURREhTLY Ah'D HAS BEEN NO FUNDING 
IN THE M T  FIVE W, SKIP TO QUESTION 16B AND THEN 17B) 



13. Over the last five years what is the average percent of stormwater hnding 
which goes to operation and maintenance? 

14. Over the last five years what has been the capital spending for construction of 
public stormwater facilities? 

15. How is operation and maintenance of public stormwater facilities funded? 
(CHECKOFF WHERE INDICATED) 

a impact fees 
b. special tax district 
c. utility fees 
d. general revenue 
e. other?? 

16a. Is current funding adequate for construction of needed facilities? 

(IF FUNDING IS NOT MlEQUATE ZSK 168, OTHERWSE SKIP TO 17A) 

16b. How much capital funding would be needed to do an adequate job of 
constructing stormwater facilities? 

17a. Is current funding adequate for operation and mainrenance of present 
facilities? 

(IF FUNDING IS NOT ADEQUATE ASK 17B, OTHERWISE SKIP TO 18A) 

17b. How much funding would be needed to do an adequate job of financing 
operation and maintenance? 

18a. Does the city have regulations which require private landowners or 
developers to control stormwater? 

(IF YES, ASK ISB, OTHERWISE SKlP TO 19) 



18b. What regulations? 

(OPEN-ENDED, BUT POSSIBLE MS\I'ERS INCLUDE) 
a. subdivision r e g u l ~ i o n s  
b. zoning 
c. stormwater regulations 
d. otber?? 

18c. Which of the following groups do these regulations apply to? 

ALL OR CERTAIN CATEGORIES 
a. new development 
b. existing development 
c. residential 
d. non-residential 

(ALSO PROBE TO SEE 1F THE REGULATIONS SPECIFICALLY IDENTIFY 
OTHER C U S S I F I U T I O S S  THAN THESE, FOR EXANPLE PARCELS 
GREATER THAN 20 ACRES, P R O P E R n  W T H  MORE THAN 10 PERCENT 
IhlPER\'IOUS SURFACE) 

1 8 d . b  we get a copy of thcse regulations? 

19a. What is required of private developers 
water runoff? 

and/or landowners to control storm 

a. construction of facilities 
b. operation and maintenance of facilities 
c. financing for public facilities 
d. Liability 
e. limiting impervious surface 
f. otbers?? 

19b. How does the city monitor compliance with these requirements? 

N e w  Construction? 

Operations 8. Maintenance? 



(ONLY ASK QUESTIONS 20 THROUGH 22 IF CONSTRUCI'lON IS 
REQUIRED OFPRIVATE DEVELOPERS/LUI'DO\fWERS-SEE QUESTION 19, 
OTHERWISE S U P  TO 23) 

20a. Is a performance bond or other financial guarantee required for construction 
or operalion of a private facility? 

(IF YES ASK 20B, OTHER\USE S U P  TO 21) 

20b How is the value of the guarantee set? 

21. Do privately consuucted facilities remain a private responsibility or are these 
facilities dedicated to the city? 

22a. Do privately constructed facilities have to meet design standards specified by 
the city? 

(IF THE AF;S\VER IS YES, G K  ZZB OTHERWSE SKIP TO 23) 

22b. Are these the same standards as used for publicly constructed facilities? 

22c. Do the regulations for the design of privately constructed facilities address 
access for maintenance? 

(ONLY ASK QUESTlON 23 IF OPEUTION AND hWhTENAYCE IS 
REQUIRED OF PRIVATE DE\TLOPERS/UVDO\fB'ERS-SEE QUESTION 19) 

2.3. If private landowners have responsibility for operation and maintenance of 
their facilities, does the city have any requirements regulating their maintenance? 
(IF YES, PROBE FOR THE REQUIREMENTS) 



(ONLY ASK 21 IF FINANCING OF PUBLIC FACILITIES BY PRIVATE 
DEVELoPERS/LAXDO\i%'ERS IS REQUIRED-SEE QUESTION 19) 
24. If hancing of public facilities by private developers/landowners is required, 
what formula is used for assessment? 

111. htilNTENmCE ISSUES 

ISKIP TO OUESTION 31 IF THERE ARE NO PUBLlC STORhnVATER FACILITIES) 

NOW I WOULD L1 KE TO ASK YOU SOME OUESTIONS ABOUT THE MAINTENANCE 
OF STORhlWfATER FACILITIES 

25. Is there any regularly scheduled maintenance or inspection of public 
stormwater facilities or are problems handled on an emergency basis? 

(IF THERE IS NOT All?' R E G U U R  SCHEDULE SKIP TO 27) 



26:iYhich of the vaiious activities are regularly scheduled, how often, and how 
much rime is spent in man hours per month? 

(AS YOU ASK ABOUT THESE ACI'IVITIES, NOTE IF THEY INDICATE 
THERE IS VARIATION BY TYPE OF STORhnVATER FACILITY, 
PARTICULARLY FOR IXSPECTIONS) 

YES?? HOW OFTEN? TIME SPENT? 
inspection 
mowing 
spaying for mosquitoes 
pipe maintenance (caulking?) 
open channel maintenance 

(regrade slope, repair 
concrete channe1,etc.) 
f. pipe cleaning (flushing?) 
g. open channel cleming 
(snag clearance,flushing,etc.) 
h. fence repair 
i. inlet cleaning/clcaring 
j. drainage of delention facilities - 
j. sediment removal from 
streams 
k. sediment removal from 
det ention/retention facilities 



27. Over the last five years, on average bow much time do the following 
maintenance activities take in man hours per monrh? (OR hlAN HOURS PER 

(AGAIN, NOTE IF THE RESPONDEhT BREAKS THIS D O \ W  BY FACILlTY 
TYPE) 

TIbIE OR RANK 
a. inspection 
b. mowing 
c. spaying for mosquitoes 
d. caulking (pipes) 
e. snag clearance , 

f. fence repair 
g. flushing (pipes or channels) 
h. in1 et cl eaning/cl earing 
i. drainage of detention facilities 
j. sediment removal 

1;. other?? 

(AS A FALLBACK, IF THE RESPONDENT CAN NOT BREAKOUT TIME 
SPENT ON ACUVITIES, GET Hlhl TO RANK THE ACTlVlTlES BY \VHICH 
TAKE THE MOST hU\'POWER OVER THE COURSE OF THE YEAR, 1 IS 
MOST, 2 IS NEXT, ETC.) 

28. Over the last five years, on average what percent of the money spent on 
operations and mainrenance goes for emergency/non-routine repairs? 

29a. Have there been any failures in your stormwater system in the last five years? 

(IF YES, ASK 29B, OTHERWISE SKIP TO 31) 



29b. What kinds, What were the causes, Were repah made, and were they 
emergencies? 

(OPEN-ENDED QUESTION, NEED TO PROBE 
KINDS MIGHT INCLUDE PIPE B W ,  BROKEN FENCES, ERODED CI-LUWELS, 

CAUSES MIGHT INCLUDE STORM EXCEEDING DESIGN STANDARD, 
INADEQUATE INITIAL CONSTRUCTION, WADEQUATE hUlhTENfiTCE, IhlPROPER 
USE 

REPAIRS MIGHT INCLUDE NONE, REPLACEhlEhT, PATCHING, REMOVAL 
E31ERGEXCIES IS BAS1 CALLY \XS/NO-THREAT TO PROPER'A'/LIFE) 

KIND OF FAILURE CA'L'SES 
EMERGENCY 

YESIN0 
REPAIRS 

(IF THE RESPONDENT INDlCiTES THERE HAVE 'EUhlEROUS 
FAILURES/EhlERGENCY REPAIRS, ASK 29C, OTHER\\UE SKIP TO 30) 

29c. What are the five most common repairs that you make? 

(ONLY ASK IF SOME FAILURES WERE IDENTIFIED AS EhlERGENCIES) 

30. For the emergencies identified, beyond the costs to make the repairs to the 
stormwater facilities tbemselves, did these emergencies cause any other losses, 
public or private 

What was the nature and amount of these losses? 

FAJLURE NATURE OF LOSS TO \iIH01\1 AMOUNT 

31a. Is adequate access to public stormwater facilities a problem for maintenance 
in your community? 



31b. Is access planned for when designing public stormwater facilities? 

ONLY ASK QUESTIONS 32 THROUGH 33 IF DETENTION OR RETENTION 
FACILITIES \\ERE INDICATED IN QUESTION 7A 

32a. For any of your detention or retention facilities have you had to remove 
sediment yet? 

For streams? 

(IF YES, ASK 31b othemise skip to 33) 

32b. How long were these facilities in operation before sediment removal took 
place? 

32c. Why was removal of the sediment necessary at this time? 
(PROBE SOME, BUT CHECK POSSIBLE AKS\VERS) 

complete fill-in 
reduced effectiveness 
scheduled removal 
nuisance problem 

32d. Was tbe sediment tested for pollutants? 

Did pollutants exist*! (HEAVY METALS IN PARTICULiR) 

32e. How much sediment was removed? 

32f. Was finding a disposal site for this sediment a problem? 

32g. Do you anticipate future problem with disposal of sediment? 



IF SEDIhlENT \VAS REMOVED ALREADY, SKIP QUESTIONS 33A-B, GO TO 
34 

33a if no sediment has been removed, have any plans been made for removal, 
testing, and disposal? 

33b. When do you anticipate the first removal? (AS hlEASURED IN YEmS OF 
OPEIUTION Ah'D DATEje. 20 1- IN 2005) 

31. lf you need assistance with normwater maintenance problems who do (or 
would) you turn to outside the city 
(Get names, locations, etc. so that we can foollow up on if desired for panel of' 
experts) 

a. universities researchers (engineers, planners,) 
b. consultants 
c. orher cities 
d. stare agencies 
e. other 

IV. EPA NPDES PERI\IITTING? 

AS YOU hZiY BE AWARE, THE U.S. Eh?lRONhlENTAL PROTECI'ION AGENCY IS IN 
THE PROCESS OF PUlTING IN REGULATIONS FOR CITIES TO CONTROL 
NON-POINT SOURCE WATER POLLUTION FROhl URBAh' RUNOFF. THESE 
REGUUTIONS IhT1TULY APPLY TO W G E  CITIES OVER 100,000 BUT ARE 
EXPECIED TO EVENTUALLY BE MPLIED TO S h W L E R  COhlXlUNITIES. 

35. b e  you or any other public officials in your community aware of the EPA's 
new perm3 ring process for urban stormwater runoff? 

(IF YES, ASK 36,OTHER\MSE SKIP TO 38) 

36. Are any actions being taken to respond to these regulations? 

(IF YES, ASK 37B, OTHERMlSE SKIP TO 38) 



3%. What kinds of corrective actions do you anticipare and can you estimate the 
expense? 

38. Finally, I'd like to ask you a general question about stormwater. If additional 
resources were available in your community, would you invest in stormwater 
improvements over of her public expedit ure choices? 

If resources and support were available for stormwater management what 
improvements or changes would you make in your community? 
(Improvements/changes need not be limited to facilites. Could include 
regulations as well) 

THAT COSCLUDES THE SURVEY QUESTIONS. IS THERE ANYTHING 
ELSE YOU WOULD LIKE TO ADD? 

WOULD YOU L I W  COPY OF SURVEY RESULTS? yes / no 

I WOULD LIKE TO ASK YOU FOR COPIES O F  THE FOLLO\'ING 
DOCUbiENTS IF THEY ARE A V W L E  

A capital facility listings/pIans for stormwater 
B. regulations for private developers on stormwater 
C. maintenance schedules of stormwater maintenance 
D. stormwarer managemenr goals 

THA,NK YOU F O R  YOUR TIAW AND HELP IhT THIS SURVEY. 



PHONE SURVEY 
FOR STORWUATER YAINTENANCE 

I. GENERAL STATISTICS ON CITIES SURVEYED 

Cities Cities Cities Cities 
under 10000 10-25000 25-100000 over 100000 

Number 37 29 17 5 

Population (1990): 

Median 7006 15682 40069 187672 
Mean 7272 15567 45381 217172 
S.D. 1685 3757 15539 106350 
Number 34 29 17 5 

Per capita income (1989): 

Msdian 8721 9520 10024 11790 
f l e m  8844 9543 10232 11779 
S.D. 1392 1429 1715 977 
!?umber 37 28 17 5 

Density (1990) : 

Median 1433 1450 2005 2444 
Msiin 1475 1629 2003 2492 
S.D. 513 836 352 276 
Number 18 20 16 5 

Crovth rate (1980-90): 

Median 4.7 % 5.2 0 7.1 0 12.0 % 
Mean 9.6 26.6 12.2 11.3 
S.D. 18.4 103.9 12.7 8.7 
N u b e r  34 29 17 5 

Government expenditures (1989)($1000s): 

Median $ 6211 $ 11942 $ 43102 $ 176370 
Mean 7233 17008 50014 221103 
S.D. 4430 12724 32850 148155 
Number 33 29 17 5 



Coastal Piedmont Mountain All cities 
h'umber 30 47 8 85 

Population: 

Hsdian 10775 15515 10420 
He an 18978 39403 16841 
S . D .  17745 70926 19513 
Ruinbe r 30 47 8 

Per capita income: 

hlzdian 8721 10033 9261 
Mean 8629 10154 9050 
S . D .  1156 1683 1069 
Humbe r 3 1 48 8 

Density: 

Median 1772 1712 1443 
Flean 1751 1771 1698 
S . D .  670 616 958 
Kumber 2 1 32 6 

Growth rate (1980-90): 

Median 4.0 % 6.0 % 5.1 % 
Mean 6.5 23.4 8.5 
S. D. 8.4 82.3 15.7 
h'umber 30 37 8 

Government expenditures (1989)($1000s): 

Mzdian $ 10708 $ 11565 $ 9438 
Mesn 20239 41737 16983 
S . D .  23434 79886 16502 
h'umber 30 47 7 



I. COHXUNITY AND SYSTEX CLIARACTERISTICS 

1 Hov important to you is stormvater runoff relative to other community 
concerns, on a scale of 1 to 10 vith 1 being not important and 10 being very 
inportant? 

Cities Cities Cities Cities 
under 10000 10-25000 25-100000 over 1000000 

Median 7 . 0  7 . 5  6 . 5  7 . 5  
Wsdn 6.7 6.9 6.4 7.3 
S.D. 1.9 2.1 2 . 6  2 . 2  

Number 37 29 17 5 

Coastal Piedmont Mountain All cities 
Median 8.0 7.0 6.3 7.0 
Hean 7.2 6.5 6.8 6.7 
S.D. 2.0 2.3 1.6 2.1 
Number 31 49 8 88 

2. How importznt is stormwater runoff t o  local e l ec ted  o f f i c i a l s  relative t o  
o r h e r  community concerns, again on a scale of 1 to 10 with 1 being not important 
and 10 being very importsnt? 

Cities Cities Cit ies Cities 
under 10000 10-25000 25-100000 over 100000 

Hedian 5.0 5.0 5 . 0  7.5 
Mean 5 . 4  5 . 9  5.3 7 . 5  
S . D .  1.8 2.5 2.6 0.5 
Number 3 7 29 17 5 

Coastal Piedmont Mountain All cities 
Hedian 5.0 5.0 6.0 5.0 
Hean 5.6 5.7 5.9 5.7 
S.D. 2.2 2.3 1.6 2.2 
Number 31 4 9  8 8 8  



3. Over the  l a s t  f i v e  years  in  your c o m n i t y  have any o f  t h e  fol lowing 
stormwater problems a t t r a c t e d  your a t t e n t i o n ?  

C i t i e s  C i t i e s  
under 10000 10-25000 

K-37 N-29 
Nuisance f looding  86.5 % 89.7 % 
Trash d e b r i s  64.9 79.3 
Property damage 29.7 48.3 
Poor water  q u a l i t y  37.8 31.0 
Erosion 13.5 13.8 
Other 21.6 6.90 
Sewer i n f i l t r a t i o n  8 . 1  6.9 
Loss of l i f e  0 . 0  0.0 
Fone 2.7 0.0 

C i t i e s  C i t i e s  
25-100000 over 100000 

N-17 N-5 
88.2 % 100.0 % 
64.7 100.0 
47.0 00.0 
35.3 80.0 

5.9 60.0 
29.4 0 . 0  

0 .0  0 .0  
5.9 0 . 0  
0 . 0  0 .0  

(Respondent could give more than one r e p l y . )  

Nuisance f looding  
Trash d e b r i s  i n  streams 
Property damage f looding  
Poor water q u a l i t y  i n  streams 
Erosion 
Other 
Sewer i n f i l t r a t i o n  
Loss of l i f e  
None 

Coastal  Piedmont 
E-31 N-49 
80.7 % 93.9 % 
67.7 69.4 
29.0 42.9 
29.0 40.8 

9.7 18.0 
16 .1  16 .3  

3.2 6 .1  
3.2 0.0  
0 .0  2.0 

Hountain A l l  cities 
N-8 N-88 
87.5 % 88.6 % 

100.0 71.6 
62.5 39.8 
50.0 37.5 
12.5 10.8 
25.0 17.0 
12 .5  5.7 
0 .0  1.1 
0.0 1.1 



La. Over t he  l a s t  f i v e  yea r s  i n  your community have any of  t h e  same fo l lowing  
stormwater problems a t t r a c t e d  t he  a t t e n t i o n  of l o c a l l y  e l e c t e d  o f f i c i a l s ?  

Nuisance f l ood ing  
Trash d e b r i s  
Proper ty  damage 
Poor water  q u a l i t y  
Other  
Erosion 
S e v e r  i n f i l t r a t i o n  
None 
Loss o f  l i f e  

C i t i e s  C i t i e s  
under 10000 10-25000 

N-37 N-29 
70.3 % 65.5 % 
27.0 34.5 
21.6 48.3 
21.6 13.8 
10.8 0 .0  

5.4 3.5 
8 . 1  3 .5  
5.4 3.5 
0 .0  0.0 

C i t i e s  
25-100000 

N-17 
82.4 
35.3 
23.5 
35.3 

C i t i e s  
over  100000 

N-5 
100.0 % 

80.0  
hO.0 
60.0 
0 .0  

60.0 
0.0 
0 . 0  
0 . 0  

Nuisance f l ood ing  
Trash d e b r i s  i n  s t reams 
Proper ty  damage f l ood ing  
Poor water  q u a l i t y  i n  s t reams 
Other  
Erosion 
Sewer i n f i l t r a t i o n  
None 
Loss of l i f e  

Coastal  Piedmont Hountain 
N-31 N-4 9 N-8 
61.3 % 81.6 8 62.5  % 
29.0 38.8 25.0 
25.8 34.7 37.5 
22.6 28.6 0 . 0  
6 .5  10.2 0 .0  
3.2 10.2 0 . 0  
0 . 0  6 .1  12 .5  
3 .2  4 .1  0 .0  
0 .0  0 .0  0 . 0  

A l l  c i t i e s  
N-88 
72.7 % 
3 4 . 1  
31 .8  
23.9 
8 . 0  
6 .8  
4 . 6  
3 . 4  
0 . 0  

Lb. Have your l o c a l l y  e l e c t e d  o f f i c i a l s  demonstrated a commitment t o  address ing  
stormwater problems through p o s i t i v e  ac t i ons?  

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under  10000 10-25000 25-100000 over 100000 

N-37 N-28 N-17 
Y e s  67.6 % 60.7 % 76.5 8 
No 32.4 39.3 23.5 

100.0 100.0 100.0 

Coas ta l  Piedmont Hountain 
N-30 N-49 N-8 

Yes 63.3 % 69.4 % 87.5 % 
No 36.7 30.6 12.5 

100.0 100.0 100.0 

N-5 
100.0 a 

0 .0  
100.0 

A l l  c i t i e s  
N-8 7 
69.0 % 
31.0 

100.0 



t c .  What positive actions? 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

N-25 N-16 N-13 N-4 
Funding minor 

improvements 44.0 % 12.5 % 15.4 % 25.0 % 
Funding significant 

improvements 28.0 25.0 23.1 0.0 
Adopting new 

regulations 4.0 12.5 30.8 25.0 
Funding a 

study/inventory 20.0 56.3 46.2 100.0 
Other 12 .O 18.8 23.1 25.0 

Coastal Piedmont Hountain All cities 
N-19 N-32 N-7 N-58 

Funding minor improvements 21.1 % 28.1 % 42.9 % 27.6 % 
Funding significant improvements 31.6 25.0 0.0 24.1 
Adopting new regulations 0.0 25.0 0.0 13.8 
Funding a study/inventory 42.1 43.8 28.6 41.4 
Other 15.8 12.5 42.9 17.2 

4 d .  Is storrewater management an open political issue or is the problem considered 
"solved" from a political vievpoint? 

C i t i e s  C i t i e s  C i t i e s  Cities 
under 10000 10-25000 25-100000 over 100000 

Solved 
Not an Issue 
Open 

Coastal Piedmont Hountain All c i t i e s  
N-29 N-49 N-7 R-85 

Solved 10.3 % 20.4 % 0.0 % 15.3 % 
Not an Issue 24.1 20.4 42.9 23.5 
Open 65.5 59.2 57.1 61.2 

100.0 100.0 100.0 100.0 



L e .  L'hat have been t h e  ou ts tanding  p o l i t i c a l  i s sues?  

C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 

N-26 N-20 N-13 
C2neral p o l i c y  

review 15.4 6 20.0 5 46.2 % 
Funding s p e c i f i c  

improvanmt 3 8 . 5  15.0 0 .0  
Adoption of  

r q p l s t i o n s  11.5 20.0 23.1 
Riviiw of  city 

maintenmce p o l i c y  15.4 10.0 38 .5  
Water q u a l i t y  11.5 10 .0  15.4 
Other 7.7 20.0 7.7 
Funding of  a srudy 7.7 20.0 15.4 
New f e d e r a l  o r  s t a t e  

r e g u l a t i o n s  3.9 10.0 15.4 
Funding an 

improvements progran 3.9 15.0 0 .0  
Nuisance f looding  7.7 5.0 7.7 

Coastal  
N-21 

Csneral  po l i cy  review 28.6 b 
Funding s p e c i f i c  improvencnts 33.3 
Adoption of  r e g u l a t i o n s  14.3 
Review of  c i t y  maintenance 

po l i cy  14.3 
Water q u a l i t y  4 . 8  
Other 23.8 
Funding of  a s tudy  9 .5  
New f e d e r a l  o r  s t s t e  

r egu l a r  ions  4 .8  
Funding a n  improvemnts  

program 4 . 8  
Nuisance f l ood ing  1 9 . 1  

Piedmont 
N-37 
16.2 % 
13.5 
24.3 

C i t i e s  
over 100000 

N-4 

Mountain A l l  c i t i e s  
N-5 N-63 

60.0 b 23.8 b 
20.0 20.6 

0 .0  19 .1  



5 .  Vhat a r e  t h e  g o a l s  o f  stormwater monagsment i n  your  community? 

C i t i e s  C i t i e s  Cities Cities 
under 10000 10-25000 25-100000 over 100000 

Prevent  nu i sance  
f l o o d i n g  

Prevent  p r o p e r t y  l o s s  
P r o t e c t  wa te r  q u a l i t y  
Cont ro l  t h e  impact 

o f  deve lopnsn t  
Ha in t a in  t h e  i n t e g r i t y  

of  t h e  system 
Cont ro l  t h e  r e l e a s e  

r a t e '  o f  r uno f f  
Iaprove t h e  system 
Other 

Prevent  nu i sance  f l ood ing  
Prevent  p rope r ty  loss 
P r o t e c t  v a t s r  q u a l i t y  
Cont ro l  t h e  i ~ p a c t  of  

divelopment 
H5 in t a in  the  i n t e g r i t y  

o f  the system 
Cont ro l  t he  r e l e a s e  r a t e  

o f  runof f  
Inprove t h e  system 
Other  

Coas ta l  Piedmont Mountain 
N-30 h'-4 9 K-7 
66.7 % 61.2 % 57.1 % 
16.7 14 .3  0 .0  
20.0 30.6 0 . 0  

~ l l  cities 
N-86 
62.8 % 
14 .0  
24.4  



6a. L'hat percentage of the comaunity has adequate protection against s tormwater 
problems? 

Cities Cities Cities Cities 
under 10000 10-25000 25-100000 over 1OOOOO 

Hedian 80 .0  6 80.0 8 80.0 % 62.5 b 
Nesn 78 .3  75 .0  72.8 53.8 
S . D .  20.9  23 .1  26.3  30.4 
Numbsr 36 2 9  17 4 

Coastal Piedmont Hountain All cities 
Median 80 .0  75.0  77.5  80.0  
H e m  7 6 . 0  7 5 . 5  67.5  7 5 . 0  
S.D. 22 .2  22.4 33.7 23.3  
Number 3 1  47 8 86 

6b. LThat are the problems in those areas without adequate protection? 

Cities Cities Cities Cities 
under 10000 10-25000 25-100000 over 100000 

Inadequately designed 
facilities 

Floodplain developmrnt 
Lack of maintenznce 
Other 
Developmsnt has rendsred 

fscilities inadsqu~te 
Obstructed drainags 

Inadequately dssignsd 
facilities 

Floodplain development 
Lack of maintenance 
Other 
Development has rendered 

Coastal Piedmont Hountain 
N-26 N 4 5  N-7 

facilities inadequate 19.2 13.3 0 . 0  
Obstructed drainage 0 . 0  2.2 0 . 0  

N-4 

7 5 . 0  % 
2 5 . 0  

0 . 0  
25 .0  

2 5 . 0  
0 . 0  

All cities 
N-78 

62.8 % 
35.9 
19.2 
19.2 

1 4 . 1  
1 . 3  

(Respondent could indicate more than one answer.) 

A - 2 6  



6 c .  For those c i t i e s  that  c i t e  inadequate design as a problem, is  t h i s  problem 
i n  your c i t y  r e l a t e d  t o  the age of the  system? 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

N-2 9 N-27 N-14 N-4 

Yes 3.5 % 22.2 % 14.3 8 0.0  % 
No 96.6 77.8 85.7 100.0 

100.0 8 100.0 % 100.0 8 100.0 % 

Coastal  Piedmont Hountain A l l  c i t i e s  
X-25 N-42 N-7 N-74 

Yes 12.0 % 14.3 % 0.0  % 12.2 % 
No 88.0 85.7 100.0 87.8 

100.0 % 100.0 % 100.0 8 100.0 0 

7a .  Does your community have any of the  following pub l i c  f a c i l i t i e s  t o  manage 
stormwater and i f  s o  how much? 

i .  Percentage of publ ic  s t r e e t s  v i t h  i n l e t s  

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

Median 75.0 % 50.0 0 77.5 % 75.0 % 
Mean 64.6 55.7 68.8 82 . O  
S.D. 28.6 22.5 28.8 12.0 
Number 37 27 16 5 

Coastal  Piedmont Hountain A l l  c i t i e s  
Median 82.5 % 60.0 8 47.5 % 70.0 % 
Mean 74.3 58.6 52.3 63.6 
S . D .  22.3 28.0 21.8 26.6 
Smber 30 47 8 83 



i i .  Percentsge of public streets vith culverts 

Nedian 
Nean 

, S . D .  
h'umber 

Hedian 
Mean 
S.D. 
Number 

Cities Cities Cities Cities 
under 10000 10-25000 25-100000 over 100000 

5 0 . 0  s 4 7 . 5  % 7 5 . 0  % 1 0 0 . 0  0 
4 6 . 5  4 9 . 8  6 0 . 7  9 9 . 0  
32.7 30.6 39.6 2.2 

37 26 15 5 

Coastal Piedmont Wountain All cities 
4 5 . 0  % 5 7 . 5  5 6 6 . 0  % 5 5 . 0  % 
4 4 . 9  5 7 . 3  6 0 . 3  5 3 . 3  
3 3 . 8  3 5 . 5  2 8 . 1  3 4 . 4  

2 9  46  8  83 



i i i .  Percentage of publ ic  s t r e e t s  v i t h  drainage d i t ches  

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

Median 45.0 b 50.0 b 2 2 . 5  b 25.0 8 
Mean 46.1 44.9 2 7 . 1  1 8 . 0  
S . D .  3 3 . 7  26.9 23.0 12.0 
h'umber 37 27 16 5 

Coastal Piedmont Mountain ~ 1 1  cities 
Median 20.0 6 40.0 % 60.0 b 30.0 % 
Mean 3 2 . 4  4 2 . 7  5 7 . 8  40 .5  
S.D. 31 .6  2 8 . 4  25.3 2 9 . 9  
h'umbe r 30 47 8  85  

iv. Number of c i t i e s  v i t h  publ ic ly  -ovned/naintained concrete l i n e d  stormvater 
channe 1s 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 A l l  c i t i e s  

Humbsr w/lined 
channels 6 5 4 1  16 

Total number of 
l ined  channsls 19 11 11 1 42 

Mean 0 . 5  0 .4  0.9 N/A 0.5 
S . D .  1 . 4  1 . 0  1 . 8  N/A 1 . 3  
t Jmber  (o f  c i t i e s )  36 26 12 4 7 8  



v. Number of c i t i e s  v i c h  publicly-omed/maintained detent ion/re tent ion  ponds 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 A l l  c i t i e s  

S u b e r  w/ponds 4  4  5 0 13 
Tots1 number of 

ponds 7 6 27 0 40 
Hem* 1.8 1 . 5  5 . 4  N/A 3 . 1  
S.D. 0.8 0.1 5.1 N/A 3.6 
Nunb2r (of cities) 37 27 15 5 ,  84 

2Average number of ponds for cities vith ponds only. 

vi. Ocher types of publicly-omed/maintained f a c i l i t i e s  reported inc lude:  
Riprsp drainage swales 
Gabions,valls along creeks t o  protect them from erosion 
Grassy sviiles 
Earth berms 

7b. Is this informstion about stormwater facilities contained in a c a p i t a l  
fscili ties plan? 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

N-37 N-28 N-17 N-5 
Yrs 18.9 % 17.9 % 5.9 % 20.0 % 
h'o 81.1 82 .1  9 4 . 1  80.0 

100.0 100.0 100.0 100.0 

Yes 
No 

Coastal PizdrPont Mountain A l l  cities 
h'-30 N - 4  9 N-8 N-8 7 
1 . 7  k 16 .3  % 12.5  % 16.1  % 
83.3 83.7 87.5 83.9 

100.0 100.0 100.0 100.0 



8 .  Vho i s  responsible for  the following a c t i v i t i e s  with public stormwater 
f s c i l i t i e s ?  

i .  Operations and Naintenance 

Ci t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

h'-37 N-29 N-17 
Publ ic  vorks dept 62 .2  b 65.5  8 76.5 % 
Streets  dept 32.4 27.6 11.7  
Engineering dept 2.7 0 . 0  0 . 0  
Other 2.7  6 . 9  11 .8  

100.0 100.0 100.0 

Coastal Piedmont Hountain 
H-31 s-49 N- 8 

Public works drpt 80.7 6 57 .1  b 37.5 b 
Streets  depc 1 6 . 1  30.6 62.5 
Engineering d ipt  0 . 0  4 . 1  0 . 0  
Othex* 3 .2  8 . 2  0 . 0  

100.0 100.0 
*Other category includes ... 

H-5 
20.0  8 
60 .0  
20 .0  
0 . 0  

100.0 

A l l  c i t i e s  
N-88 
63.6 S 
2 8 . 4  

2 . 3  
5 . 7  

100.0 



i i .  New construction 

C i t i e s  C i t i e s  C i t i e s  Cities 
under 10000 10-25000 25-100000 over 100000 

N-37 N-2 9 N-17 N-5 
Xot a public 
responsibility 0 . 0  % 0 . 0  % 5 . 9  b 20.0  6 

Public works dept 5 4 . 1  b 41.4 % 23.5 % 0.0 % 

Streets dept 18.9 13.8 5.9 0.0 
Engineering dept 10.8 27.6 47.1 80 .0  
Plsnning drpt 2 . 7  3 . 5  0 . 0  0 . 0  
Private landowners 2.7 0.0 0.0 0 . 0  
Building inspec. 5 -4 3.5 11.8 0.0 
Other* 5.4 10 .3  5.9 0 . 0  

100.0 100.0 100.0 100 .0  

Not a public 
responsibility 

Public works dept 
Streets dept 
Engineering depc  
Planning drpt 
Private landounsrs 
Building inspec. 
Other* 

Coastal Piedmont Mountain 
N-31 N 4 9  h'-8 

All c i t i e s  
N-88 



iii. Inspections 

Hot a public 
risponsibility 

Public works dept 
Streets dept 
Enginzsring dept 
Building inspec. 
Other* 

Cities Cities Cities Cities 
under 10000 10-25000 25-100000 over 100000 

Coastal Piedmont Hountain All cities 
h'-31 N-48 N-8 N-88 

Not a public 
risponsibility 

Public works dept 
Streets dept 
Engineering dept 
Building inspec. 
Other* 



iv. Plans and design 

Not a public 
responsibility 

Public works dept 
Streets dept 
Engineering Oept 
Planning dept 
Building inspec. 
Other* 

Cit i e s  Ciries  C i t i e s  Cities 
under 10000 10-25000 25-100000 over 100000 

Not a public 
rssponsibility 

Public works d2pt 
Strests dcpt 
Engineering dipt 
Plsnning d2pt 
Building inspec. 
Other* 

Coastal Piednont Hountain 
N-3 1 K-47 N-8 

A l l  c i t i e s  
N-88 

2 . 3  % 
3 4 . 9  

9 . 3  
33.7 

7 . 0  
1.2 

11.6 
100.0 

v .  Other storwater-related a c t i v i t i e s  

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

Not a public 
responsibility 

Public works dept 
Engineering dept 
Othsr* 

Not a public 
responsibility 

Public works dept 
Engineering dspt 
Other* 

Coastal Piedmont Howrtain A l l  c i t i e s  
N-2 N-6 N-0 N-8 



9. If there are public facilities, what is the design storm stsndard used? 

Cit ies  Ci t i e s  Ci t i e s  Ci t i e s  
under 10000 10-25000 25-100000 over 100000 

Hultiple design 
standards* 

10-year storm 
25-year storm 
50-year storm 
100-year storm 
NCDOT standsrds 
Subjective 
Other 

Multiple design 
standards* 

10-year storm 
25-pear storm 
50-year storm 
100-year storm 
HCDOT stsndards 
Subjective 
Other 

Coastal Pirdnont 
N-26 N-44 

Mountain A l l  c i t i e s  
N-7 N-77 

*For different types of roads. Therefore, respondents could indicste more 
than one design stsndard. 



10. Is the  plsnning of scormwoter f s c i l i t i e s  done on a s i t e  by s i t e  b a s i s  o r  
docs i t  fol low a j u r i s d i c t i o n  v ide  plan? 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
u n d e r  10000 10-25000 25-100000 over 100000 

N-37 N-28 N-16 N-5 
S i t e  by site 83.8 % 75.0 0 68.8 % 80.0 8 
Jurisdiction-wide plcn 13.5 25.0 18.7 20.0 
Both 2.7 0.0  12.5 0 .0  

100.0 100.0 100.0 100.0 

Coastal Piedmont Hountain A l l  c i t i e s  
N-31 N-4 8 N- 7 N-86 

S i t e  by s i t e  77.4 % 77.1 % 85.7 % 77.9 % 
Ju r i sd ic t ion -wide  plan 19.4 18.7 14.3 18.6 
Both 3.2 4.2 0 . 0  3 . 5  

100.0 100.0 100.0 100.0 



111. FINANCING AHD LEGAL CONCERNS 

11. L'hat is the current (fiscal 90191) funding level for stormwater management 
in your community? 

Hedian 
Hean 
S . D .  
h'umber 

Median 
M2an 
S . D .  
Number 

Per capi ta:  

Hzdian 
Mean 
S.D. 
Number 

Median 
Mean 
S.D. 
Nuriber 

C i t i e s  
under 10000 

$ 21500 
70558 

100052 
26 

Coastal 
$ 128500 
273413 
422678 

2 5 

Cities 
under 10000 

$ 3.70 
7.55 
9.76 
23 

Coastal 
$ 6 . 2 9  
13.05 
14. SO 

Cit i e s  C i t i e s  C i t i e s  
10-25000 25-100000 over 100000 

$ 63000 $ 225000 $ 2400000 
173722 419228 2606667 
268038 455606 2296984 

23 14 3 

Piedmont Hountain All c i t i e s  
$ 67500 $ 35981 $ 93000 
364179 83258 295747 
936795 105795 712278 

33 8 66 

Cities Cities Cities 
10-25000 25-100000 over 100000 

$ 4.19 $ 5.98 $ 12.64 
11.46 9.58 9.41 
16.85 9.13 5.73 

26 14 3 

Piedmont Hountain All c i t i e s  
$ 4.19 $ 3.09 $ 4.52 
7.98 4.89 9.52 
11.66 5.47 12.49 



1 2 .  Over t h e  l a s t  f i v e  yea r s  what is  t h e  average amount of s tormwater  fund ing  
vhich goes t o  o p e r a t i o n  and maintenmce? 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over  100000 

Hedian $ 13320 $ 39125 $ 150000 $ 710000 
Mean 50287 85098 194262 1105275 
S.D. 81594 115932 141048 1344851 
h'umber 32 24 15 4 

Coastal Piedmont Hountain All c i t i e s  
Median $ 80000 $ 38750 $ 15980 $ 42500 
Mezn 122493 178551 67151 14685 
S.D. 149815 495168 96202 373403 
Number 27 40 8 7 5 

Per  c a p i t a :  

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over  100000 

He d i a n  $ 1.92 $ 3.09 $ 4.81 $ 4.00 
Me hn 5.22 5.55 4.50 3.90 
S.D. 7.40 7.29 2.72 3.45 
Number 29 24 15 4 

Coas ta l  Piedmont Hountain All c i t i e s  
Median $ 5.04 $ 2.14 $ 1.99 $ 2.67 
Mean 7.18 4.06 3.35 5.11 
S.D. 7.97 5.28 4.06 6.40 
Number 26 38 8 72 

13. Over che l n s t  f i v e  years  what has  been the  c a p i t a l  spending f o r  c o n s t r u c t i o n  
of  public stormuater facilities? 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over  100000 

Medihn $ 9500 $ 10500 $ 20000 $ 1300000 
Mean 15098 79555 200517 1133333 
S.D. 19281 220408 352110 960902 
Number 30 26 15 3 

Coas ta l  Piedmont Hountain All c i t i e s  
Msdian $lSOOO $12000 $8000 $ 11626 
Mean 133889 132956 16107 120665 
S.D. 318892 384310 22830 338370 
Number 2 7 39 8 74 



Per  c a p i t a :  

Hedian 
Hean 
S.D. 
Humber 

Hedion 
Nirbn 

S.D. 
f:urtber 

C i t i e s  
under 10000 

$ 0.90 
2.10 
2.80 

2 7 

Coas t a l  
$ 1 .48  

5.42 
11 .01  

26 

C i t i e s  C i t i e s  C i t i e s  
10-25000 25-100000 over  100000 

$0.81 $0.45 $ 5 . 0 6  
5.39 4 . 5 3  4.22 

14.23 7.66 3.21 
26 15 3 

Piedmont Hountain All c i t i e s  
$ 0.01 $ 0.62 $ 0.84 

3.36 1 .54  3.91 
9 . 2 6  1 .95 9 . 4 6  

37 8 71 

14. How is o p u a t i o n  and maintenance o f  p u b l i c  s r o r w a t e r  f a c i l i t i e s  funded? 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over  100000 

h'-35 t i-2 5 N-17 H-5 
Cenerzl  r sv rnus  
Powell b i l l  
Community Dsvelopmmt 

Block Grant 

Censra l  revenue 
Powell b i l l  

Coas ta l  P i e b o n t  Mountain A l l  c i t i e s  
N-30 h'-45 h'-7 N-82 

Community Developmint 
Block Crmt  6 . 7  2.2 0.0  3.67 



152. Is current funding adequate f o r  conscructior( of needed f a c i l i t i e s ?  

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

N-35 h'-2 7 N-17 N-5 
Y2s 5 4 . 3  6 3 3 . 3  % 2 9 . 4  % 4 0 . 0  b 
Go 4 5 . 7  66.7 70.6 60.0 

100.0 100.0 100.0 100.0 

Coastal Piedmont Mountain A l l  c i t i e s  
N-31 N-4 5 E-8 N-84 

Yes 35.5 b 48.9 15 25.0 % 4 1 . 7  5 
No 64.5 51.1 75.0 58.3 

100.0 100.0 100.0 100.0 

15b. How much capital funding would be needed to do an adequate job of 
constructing storwzter facilities? 

Per year: 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

Median $ 35000 $ 315000 $ 820000 $ 7000000 
Hean 98950 423625 1356667 $ 7000000 
S.D. 156684 366219 1400809 
Number 

N/A 
10 8 6 1 



Coastal Piednont Hountain A l l  c i t i e s  
Hedian $ 237500 $ 240000 $ 115000 $ 230000 
Hsan 892864 904700 162500 780740 
S.D. 1170899 2152066 178582 1545276 
Kunber 11 10 4 25 

Per c a p i t a  : 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

K-29 N-2 7 N-14 N-4 

Yes 3.5 15 22.2 s 14.3 h 0 . 0  5 
No 9 6 . 6  77.8 85.7 100.0 

100.0 % 100.0 b 100.0 % 100.0 % 

Coastal Piedmont Hountain A l l  c i t i e s  
N-2 5 H-42 N-7 h'- 74 

Yes 63.3 a 14.3 8 0.0 c 12.2 c 
No 88.0 85.7 100.0 87.8 

100.0 5 100.0 s 100.0 5 100.0 % 



Tota l :  

Hedian 
Hean 
S.D. 
h'unber 

Hedim 
Hean 
S.D. 
Number 

Per capi ta:  

Median 
Mean 
S.D. 
Number 

Median 
Hean 
S.D. 
Number 

Cit i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

$ 750000 $ 2000000 $ 500000 $ 0  
700000 1928571 10140000 0 
355903 1566008 14019600 0 

4  7 5 0 

Coastal P i e b o n t  Hountain A l l  c i t i e , s  
$ 1500000 $ 500000 $ 15250000 $ 1000000 

4466667 1212500 15250000 4187500 
7650272 1648755 20859700 8417511 

6 8 2 16 

Cit i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

$ 1 5 0 . 6 0  $ 8 3 . 4 6  $ 7.17 N/A 
128.06 140.45 242.39 N/A 
62.43 150.60 339.87 N/A 

3 7 5 0 

Coastal  Piedmont Hountain A l l  c i t i e s  

16a.  Is current funding adequate for operation and maintenance of present 
f z c i l i t i e s ?  

Cit i e s  C i t i e s  Ci t ies  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

N-37 N-2 8 N-16 N-5 
Yes 81.1 6 7 1 . 4 6  5 0 . 0 8  80.0 
No 18 .9  28.6  5 0 . 0  2 0 . 0  

100.0 100.0 100.0 100 .0  

Coas ta l  Piedmont Hountain A l l  cities 
K-31 N - 4 7  N-8 N-86 

Yes 67.7  % 74 .5  % 75.0 % 72.1 8 
No 3 2 . 3  25.5 25.0 27.9 

100.0 100.0 100.0 100.0 



16b. How much funding would be needed to  do an adequate job of  financing 
opsra tion and mintensnce? 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

Hedian $ 25000 $ 210675 $ 475000 $ 0  
Hean 65833 255106 891563 0 
S.D. 91729 196437 1167937 0  
Number 6 8 8 0 

Coastal  Piedmont Mountain All c i t i e s  
Hedian $ 100000 $ 210675 $ 565000 $ 155000 
Hean 266950 576885 565000 434925 
S.D. 418699 1050776 756604 774748 
Number 10 10 2 2 2  

P*r c a p i t a :  

Hsdian 
Hean 
S.D. 
Number 

Hsdian 
Mean 
S.D. 
Numbe r 

C i t i e s  Cities C i t i e s  Cities 
under 10000 10-25000 25-100000 over 100000 

$ 4.65 $ 12.76 $ 11.05 N/A 
8.52 15.27 14.88 N/A 

10.01 12.19 16.80 N/A 
6 8 8 0 

Coastal  Piedmont Mountain A l l  c i t i e s  



17s. Does the c i t y  have regulat ions which require pr ivate  landowners or 
developers t o  control  stormwater? 

C i t i e s  C i t i e s  C i t i e s  C i t i e r s  
under 10000 10-25000 25-100000 over 100000 

K-37 N-29 N-17 N-5 
Yes 6 7 . 6  b 7 5 . 9  6 76.5 % 80.0 0 
r; o 3 2 . 4  2 4 . 1  2 3 . 5  20.0 

100.0 100.0 100.0 100.0 

Coastal Piedmont Hountain A l l  c i t i e s  
K-31 H-49 N - 8  N - 8 8  

Yes 7 7 . 4  k 6 9 . 4  % 75.0 % 7 2 . 7  S 
No 22.6 30.6 25.0 27.3 

100.0 100.0 100.0 100.0 



17b. Vhat regulations? 

Cities Cities Cities Cities 
under 10000 10-25000 25-100000 over 100000 

N-25 N-2 2 N-13 N-4 
Subdivisionregulations 9 6 . 0 %  63.6 % 76 .9  16 50.0 % 
Zoning 16.0 9 . 1  30.8 75.0 
Srormvater regulations 0.0 13.6 0.0 25.0  
Critical vatershed 
regulations 0.0 4.6 7.7 25.0 

Other 0 . 0  13.6 7 . 7  0 . 0  

Coastal Pied~ont Hountain All cities 
S-24 3- 34 N-6 N-64 

Subdivisionr~gulations 87.5 b 67.6 8 100.0 % 78.1 % 
Zoning 16.7 20.6 33.3 20.3 
Stormuzt2r reguliitions 0 . 0  11.8 0.0  6 . 3 .  
C r i t i c a l  vat2rshed 

reguls t ions 4 . 2  5.9 0 .0  4 . 7  
Other 8.3 5.9 0 . 0  6 . 3  

18a. Vhat is requirod of privzte developers endlor landowners to control 
stormvster runoff? 

Cities Cities Cities Cities 
under 10000 10-25000 25-100000 over 100000 

h'-2 5  h'-22 N - 1 3  N-4 
Construction of 

facilities 100.0 % 100.0 8 100.0 % 100.0 % 
Limiting impervious 
surface 12.0 9.1 23.1 50.0 

0 b increase in runoff 0.0  22.7 23.1 25.0 
Other 12.0 13.6 15.4 100.0 

Coastal Piedmont Hountain All cities 
N-24 N-34 N-6 N-64 

Construction of 
facilities 100.0 a 100.0 a 100.0 100.0 % 

Limiting impervious 
surface 4.2 20.6 3 3 . 3  15.6 

0 6 increase i n  runoff 8.3 20.6 0.0 14.1 
Other 1 2 . 5  20.6 3 3 . 3  18.8 



Cit i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

N-2 5 N-22 N-13 N-4 
Dedicated t o  c i t y  

(and city maintained) 8.0 % 0.0 8 7 . 7  0 0 .0  % 
Private operation 

and maintensnce 8.0  13.6 15.4 25.0 
Cooperative city/private 

upkeep 24.0 22.7 15.4 0 .0  
Complaint bzsed 8 .0  13.6 7 . 7  0 .0  
None spzcified 48.0 40.9 38.5 75.0 
Other 4 . 0  9 . 1  15.4 0 .0  

Coastal  Piedmont 
N-24 h'-34 

Dedicated to city 
(and city maintsined) 8 .3  b 0.0  b 

Private operation 
and maintenance 4.2 20.6 

Cooperative city/priviite 
upkeep 25.0 20.6 

Complsint bzsed 16.7 2.9 
Hone spscifird 37.5 50.0 
O t h s r  8 .3  5 .9  

100.0 100.0 

Mountain All c i t i e s  
N- 6 N-64 

19a. Is a performcnce bond or other f i n a n c i a l  guarantee required f o r  construction 
or o p r r x i o n  of a private f a c i l i t y ?  

C i t i e s  C i t i e s  Cities C i t i e s  
under 10000 10-25000 25-100000 over 100000 

N-25 N-2 1 h'-12 N-4 
Yes 64.0 b 57 .1  58.3 25.0 
No 36.0 42.9 41.7 75.0 

100.0 b 100.0 b 100.0 b 100.0 b 

Coastal Piedmont Mountain A l l  c i t i e s  
N-22 N-34 N-6 N-62 

Yes 54.5 a 55.9 b 83.3 b 58.1 b 
No 45.5 44 .1  16.7 41.9 

100.0 100.0 100.0 100.0 



21. Do the regulations for the &sign of privately constructed facilities address 
access for maintenance? 

Cit ies  Cities Cities Cities 
under 10000 10-25000 25-100000 over  100000 

h'-2 2 N-2 1 N-12 N-4 
Yes 5 4 . 5  b 5 2 . 4 %  6 6 . 7 %  75.0 0 
No 4 5 . 5  4 7 . 6  33.3 25.0 

100.0 b 100.0 0 ~ 0 0 . 0  % 100.0 % 

Coastal Piedmont Mountain All c i t i e s  
h'-21 N-32 N-6 N-59 

Yes 47.6 6 6 2 . 5  S 6 6 . 7  0 5 7 . 6  8 
No 52.4 3 7 . 5  3 3 . 3  42.4  

100.0 100.0 100.0 100.0 



111. U I N T E M C E  ISSUES 

20a. Which of the various activities are regularly scheduled, how often, and how 
much t h e  is spent in m n  hours per month? 

Inspections 
Regulsrly scheduled 
As nesded/smsrgency 

Moving 
Regularly schsduled 
As needsdlemsrgency 

Spraying for mosquitoes 
Regularly schsduled 
As needed/em2rgency 

P i p e  m i i i n t m a n c e  
Regularly scheduled 
ks needed/emsrgency 

Open channel msintensnce 
Regularly scheduled 
ks ne2ded/e~ergency 

Inlet cleaning 
Regularly scheduled 
As nz*ded/ernergsncy 

S e d i m e n t  r a o v a l  
(detention facility) 
Regularly scheduled 
As needed/emergrncy 

Other 
Regularly scheduled 
As needed/emergency 

Cities Cities 
under 10000 10-25000 

N-37 N-2 9 

Cities Cities 
25-100000 over 100000 

N-17 N-5 



Mountain ~ l l  c i t i e s  

Inspsctions 
Regularly scheduled 
As neededlemsrgency 

Hoving 
Regularly scheduled 
As needed/emergency 

Spraying for mosquitoes 
Regularly scheduled 
As need2d/emsrgency 

Pipe maintinsnce 
Regularly scheduled 
As neededlemergency 

Open channel maincemnce 
Regularly scheduled 
As needed/emergency 

Inlet cleaning 
Regularly scheduled 
As neededlemergency 

Sediment removal 
(detention facility) 
Regularly scheduled 
As neededlemergency 

Other 
Regularly scheduled 
As needsdleme rgency 

Coastal Piedmont 
N-8 

25.0 0 
75.0 
100.0 % 

50.0 % 
SO. 0 

100.0 % 

12.5 0 
87.5 

100.0 % 

25.0 % 
75.0 

100.0 % 

25.0 S 
75.0 

100.0 % 

62.5 0 
37.5 

100.0 % 

12.5 0 
8 7 . 5  

100.0 b 

0.0 0 
100.0 
100.0 s 



20b. If  a c e r t a i n  pub l i c  maintenance a c t i v i t i e s  o f  s t o m w a t e r  f a c i l i t i e s  are  
performed on a r o u t i n e  b a s i s ,  how o f t e n  a r e  they performed? 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

In spec t i ons  N-18 
No r e g u l a r  schedule  2 2 . 2  S 
Af te r  r a i n s  16.7 
Twice a year  o r  less o f t e n  22 .2  
Q u r t e r l y  5.6 
Monthly 11.1 
Veekly o r  biweekly 11.1 
Da i l y  11.1 

100.0 Q 

Moving (Apr i l  -Nov.) N-19 
No r e g u l a r  schedule  21.0 0 
~ f t e r  r a i n s  0 . 0  
Twice a yea r  o r  l e s s  o f t e n  15 .8  
Qua r t e r l y  0 .0  
Honthly 21.0 
Weekly o r  biweekly 10 .5  
Dai ly  31.6 

100.0 % 

Spraying f o r  mosquitoes N-8 
No r e g u l a r  schedule  6 2 . 5  % 
After r a i n s  12.5 
Tvice a  y e s r  o r  less o f t e n  0 . 0  
Qua r t e r l y  0 . 0  
Monthly 0.0 
Weekly o r  b iveek ly  25.0 
Dai ly  0 .0  

100.0 0 

Pipe maintenance N-13 
KO r e g u l a r  s c h e d u l e  38.5 % 
A f t e r  rains 0.0  
m i c e  a yea r  o r  less o f t e n  38.5 
Qua r t e r l y  0 .0  
Monthly 23.0  
Weekly or biweekly 0.0  
Daily 0.0 

100.0 0 



Open channel maintenance 
Ho regular schedule  
After rains 
'Nice  a year or l e s s  o f t en  
Quarterly 
Honthly 
V3ekly or biweekly 
Daily 

I n l e t  c l e m i n g  
KO regular schedule 
irf t e r  rains 
mice a year or 1 i . s ~  often 
Qusrterly 
Honthly 
Weekly or b iveskly  
Da i l y  

Sediment removal 
(detent ion  f a c i l i t y )  

No regular s c h e d u l e  
A f t e r  rains 
Twice a y e a -  or less of ten  
Quarterly  
Honthly 
Veekly or biweekly 
Da i ly 

Other 
KO regular schedule 
~ f t e r  rains 
Twice a year or less o f t en  
Quarrerly 
Monthly 
Veekly or biweekly 
Dai ly  



Coas ta l  Piedmont Hountain A l l  c i t i e s  

I n spec t i ons  
No r e g u l a r  schedule  
A f t e r  rains 
n i c e  a y e a r  o r  l e s s  o f t e n  
Q u a r t e r l y  
Honthly 
Weekly o r  b iveek ly  
Dai ly  

Moving ( ~ p r i l  -Nov.) 
No r e g u l a r  schedule  
A f t e r  r a i n s  
R i c e  a year o r  less o f t e n  
Qua r t e r l y  
Monthly 
Veekly or  bivsekly 
Daily 

Spraying f o r  mosquito2s 
No r e g u l a r  schedule  
A f t e r  r a i n s  
Tvice  a year  o r  l e s s  o f t e n  
Qua r t e r l y  
Monthly 
Wsekly o r  b iv sck ly  
Dai ly  

Pipe m6intenance 
No r e g u l a r  schedule  
A f t e r  rains 
Twice a yea r  o r  l e s s  o f t e n  
Q u a r t e r l y  
Honthly 
Weekly o r  biweekly 
Daily 



Open channel  maintenance 
No r e g u l z r  schedule  
After r a i n s  
Tvice a yea r  o r  l e s s  often 
Quar ter ly  
Honthly 
Weekly o r  b iveek ly  
Dai ly  

I n l e t  c leaning  
No r e g u l a r  schedule  
After rains 
Tvice a yea r  o r  less o f t e n  
Q u a r t e r l y  
Monthly 
Weekly o r  b iveek ly  
Da i l y  

Sediment removal 
(decen t  i on  fscility) 
No r r g u l a r  schedule  
A f t e r  r a i n s  
mice a year o r  l s s s  o f t e n  
Qua r t e r l y  
Honthly 
Weekly o r  biveskly 
Dai ly  

Other  
No r e g u l a r  schsdule  
A f t e r  r a i n s  
Twice a y r a r  o r  l e s s  o f t e n  
Qudr t e r l y  
Monthly 
Wzekly o r  biveekly  
Dai ly  



2 0 c .  Over the last five years, on average hov much time do the following 
maintenance activities take in man hours per year? 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over  100000 

Inspections 
Hedian 
Hean 
S.D. 

Number 

Mowing 
Nedian 
Hean 
S.D. 

Number 

Spraying for mosquitoes 
Median 272 720 N/A N/A 
Nean 2 6 2  7 2 0  N/A N/A 
S.D. 1 3 2  566  N/A N/A 

Number 4 2 0 0 

Closed chmnel maintenance 
Nedian 4 0 8  1348 4 1 6 0  2 4 9 6 0  
Mean 4 7 5  1 6 8 2  8 8 0 1  4 4 6 8 5  
S.D. 3 9 6  1158  13768 5 2 3 1 9  

Number 10 8 11 3 

O p m  channel maintenmce 
Msdian 3 2 8  2 5 6 0  2 9 8 0  29120 
Mean 7 5 5  5 0 5 3  7 0 9 2  2 4 2 9 9  
S.D. 9 2 1  8 5 4 0  8 1 5 3  2 2 1 8 8  

Number 1 0  13 6  3 

Inlet cleaning 
Nedian 
Hean 
S.D. 

Number 

Sediment removal 
Hedian 
Hean 
S.D. 

Number 



Other 
Hedian 
Hean 
S . D .  

Humbe r 

Inspections 
Hedian 
Hean 
S.D. 

Huber  

Mowing 
Mcdian 
Hean 
S.D. 

Huber 

Coastal Piedmont Hountain All c i t i e s  

Spraying for mosqui~ocs  
Nedian 4 00 220 208 328 
Hean 613 220 208 415 

S.D. 44 1 164 N/A 361 
Kumber 3 2 1 6 

Closed ch&nnsl msintenance 
Hedian 1152 1456 1080 1220 

Herjn 6146 11578 1592 7784 
S.D. 12358 28548 1907 19927 

Number 15 13 4 32 

Open channel maintemnce 
Mi.dian 
Hem 
S .  D .  

Nmber 

Inlet cleaning 
Hedian 
Herin 
S.D. 

N w b r  r 

Srdim5nt removal 
Hedian 
Hean 
S . D .  



Number 
O t h e r  
Hsdian 
Hean 
S .D .  

Number 

21. Over the lest f i v e  years, on average what percent of  the money spent on 
operations and mzintensnce goes for emergency/non-routine repairs? 

Ranges : 
Cities C i t i e s  Cf t i e s  C i t i e s  

under 10000 10-25000 25-100000 over 100000 
N-29 N-24 N- 14 N-3 

None 44.8 6 25.0 % 14.3 % 33.3 % 
Less than 5 b 2 7 . 6  45.7 35.7 33.3 
6-10 a 3.5 12.5 7.1 0.0 
11-25 % 10.2 4.2 21.4 33.3 
26-50 % 6.9 4.2 14.3 0.0 
51-75 O 3.5 4.2 0.0 0.0 
76-100 O 3.5 4.2 7.1 0.0 

100.0 100.0 100.0 100.0 

Coastal 
s-2 1 

None 28.6 a 
Less than 5 b 38.1 
6-10 6 9.5 
11-25 6 19.1 
26-50 O 4.7 
51-75 % 0.0 
76-100 6 0.0 

100.0 

Piedmont Hountain 
N-4 1 N-8 
36.6 8 12.5 fb 
39.0 12.5 
4.9 12.5 
7.3 12.5 
7.3 12.5 
0.0 25.0 
4.9 12.5 

100.0 100.0 

All c i t i e s  
N-70 
31.4 % 
35.7 
7.1 
11.4 
7.1 
2.9 
4.3 

100.0 



S t a t i s t i c a l  ana ly s i s  : 

Median 
He an 
S.D. 
h'umber 

Median 
Hean 
S . D .  
h'uber 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

Coastal Piedrsront 
2 . 3  6 . 3  % 
7 . 9  15.4 

11.7 28.6 
1 6  28 

Hountain A l l  c i t i e s  
50.0 0 2 . 5  % 
43.0  1 6 . 8  
34.2 27.3 

7 51 

2 2 s .  Hbve there been any f a i l u r + s  i n  your s t o r w a t e r  system i n  the l a s t  f i v e  
yebrs? 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over  1OOOOO 

h'-33 N-29 N-17 N-5 
Yes 69.7 % 8 6 . 2 %  8 2 . 4 8  80.0 6 
h'o 30.3 13.8 1 7 . 7  20.0 

100.0 100.0 100.0 100.0 

Coastal Piedmont Mountain A l l  c i t i e s  
N-31 N-4 5 K-8 N-84 

Yes 67.7 a 86.7 b 75.0 b 78.6 % 
No 3 2 . 3  1 3 . 3  25.0 21.4 

100.0 100.0 100.0 100.0 



22b. Vhat vas the nature of the emzrgencies? 

Pipe failure 
(Broken/deteriorated) 

Erosion 
B 1 oc kage 
Storm exceeded 

design standard 
Facilities are inadequste 

to hzndle normal flow 
Other 

Pipe failure 
(Broken/deteriorat2d) 

Erosion 
Bloc kbge 
Storm sxceeded 

design stsndard 
F~cilities are inad2quate 

to handle  normal flow 
Other 

C i t i e s  C i t i e s  
under 10000 10-25000 

Coastal Piedmont 
N-2 1 h'-39 

C i t i e s  C i t i e s  
25-100000 over 100000 

N-14 K-4 

Hountain A l l  c i t i e s  
N-6 N-66 

For chose cities who cice p i p e  failure as a problem, is this problem related to 
the age of the system? 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

H-15 N-16 N-9 N-3 

Coastal Piedmont Hountain All c i t i e s  
N-14 N-26 N-3 N 4 3  

Yes 57.1 b 61.5% 100.0% 62.8 % 
No 4 2 . 9  38.5 0.0 37.2 

100.0 c 100.0 % 100.0 b 100.0 % 



2 2 c .  Whac are the five most common maintenance tasks that you perform? 

Cities Cities Cities Cities 
under 10000 10-25000 25-100000 over 100000 

N-31 N-28 N-1 S N-5  
Replacinurepairing 

old pipes 77.4 5 60.7 8 66.7 8 80 .0  % 
Removing blockdges 25.8 14.3 6.7 20.0  
Repairing inlets/ 

catchbasins 41.9 46.4 53.3 4 0 . 0  
Repairing eroded channels/ 

arezs around inlets 9.7 28.6 33.3 20.0  
Repbiring/replacing 
joints 25.8 14.3 40.0  20.0 

Repairing culverts 1 2 . 9  7.1 20.0 0 . 0  
Oth2r  1 6 . 7  10.7 37.5 20 .0  

Cleaning the system 6.5 % 4 2 . 9  6 20.0 % 4 0 . 0  % 

Type of cleaning: 
Cleaning inlets 50.0 50.0 33.3 0 . 0  
Cleming pipes 0 . 0  25.0 66.7 50 .0  
Clesning ditch2s 100.0 66.7 100.0 50.0  

Replacing/repairing 
old pipes 

Removing blockages 
Repairing inlets/ 

catchbasins 
Repairing eroded channels/ 
areas around inlets 

Repairing/replacing 
joints 

Repairing culverts 
Other 

Coastal Piedmont 
N-29 K - 4  3 

Mountain All cities 
K - 7  N-79 

Cleaning the system 20.7 a 23.3 % 42.9  % 24 .1  % 

Type of cleaning: 
Cleaning inlets 
Cleaning pipes 
Cleaning ditches 

(Respondents could give more than one answer.) 



23a. Is adequate acces s  t o  public stormwater f a c i l i t i e s  a problem f o r  maintenance 
in your community? 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

h'-34 N-24 N-12 N-5 
Yes 32.3 a 45.8 b 75.0 8 20.0 a 
No 67.7 54.2 25.0 80.0 

100.0 100.0 100.0 100.0 

Coas ta l  Piedmont Hountain A l l  c i t i e s  
h'-27 N-41 N-7 N-75 

YCS 51.9 a 39.0 0 28.6 0 42.7 % 
No 48 .1  61.0 71.4 57.3 

100.0 100.0 100.0 100.0 

23b.  I s  access  pl~nned f o r  when des ign ing  publ ic  stormwater f a c i l i t i e s ?  

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over  100000 

N-34 N-24 N-11 N-5 
Yes 85.3  8 83.3 6 90.9 b 100.0 0 
No 14.7 16.7 9 . 1  0.0 

100.0 100.0 100.0 100.0 

Coas ta l  Piedmont Hountafn A l l  c i t i e s  
N-2 7 N-40 N-7 N-74 

Yes 88.9 % 87.5% 7 1 . 4 %  86.5 % 
No 11.1 12.5 28.6 13.5 

100.0 100.0 100.0 100.0 

24a. For m y  of  your dscen t ion  o r  r e t e n t i o n  f a c i l i t i e s  have you had t o  remove 
sediment yet? 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

N-6 N-5 N-6 N-0 
Yes 66.7 o 20.0 a 33.3 % N/A 
No 3 3 . 3  80.0 66.7 N/A 

100.0 100.0 100.0 fJ/A 



Coastal Piednont Mountain ~ 1 1  c i t i e s  
h'-8 N-7 N-2 N-17 

3 7 . 5  8 42.9 8 50.0 8 41.2 0 
62.5 57.1 50.0 58.8 
100.0 100.0 100.0 100.0 



For streams? 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over  1OOOOO 

8-36 N-23 N-15 N-3 
Yes 27.8 5 26.1 o 20.0 % 0 . 0  0 
No 7 2 . 2  73.9 80.0 100.0 

100.0 100.0 100.0 100.0 

Coastal  Piedinont Hountain A l l  c i t i e s  
8-27 N-42 N-8 N-77 

Yes 37.0 % 14 .3  % 3 7 . 5  % 24.7 % 
No 63.0 8 5 . 7  6 2 . 5  7 5 . 3  

100.0 100.0 100.0 100.0 

24b.  How long were thcse f ~ c i l i t i r s  i n  operiition before sediment removal took 
place? 

~ l l  c i t i e s  
Median 10.0 
Heiin 9 . 6  
S . D .  9 . 4  
Eun;be r 7 

24c. Why was removd of chz sedimsnt necesszry a t  t h i s  time? 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

h'-16 N-9 N-6 N-1 
Reduced e f f e c t i v e n e s s  62.5 b 66.7 8 6 6 . 7  % 0 . 0  8 
Scheduled removal 3 7 .  S 33.3 3 3 . 3  100.0 

100.0 100.0 100.0 100 .0  

Coastal Piedmont Mountain A l l  c i t i e s  
N-13 N-15 N-4 N-32 

Reduced effectiveness 53.9 % 73.3 8 50.0 % 6 2 . 5  % 
Scheduled removal 46 .1  26.7 '50.0 3 7 . 5  

100.0 100.0 100.0 100.0 



24d. Was the sedirncnt t e s t e d  for pollutants? 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

H-18 N-10 N-6 N-1 
Yes 27.8 % 20.0 % 0 . 0  % 0 . 0  % 
h'o 72.2 80.0 100.0 100.0 

100.0 100.0 100.0 100.0 

Coastal  Piedmont Hountain All c i t i e s  
N-14 h'-17 N - 4  N-35 

Yes 21.4 r 17.6 % 25.0 % 20.0 % 
h'o 78.6 82.4 75.0  80 .0  

100.0 100.0 100.0 100.0 

2 4 3 .  Did pollutsnts e x i s t ?  

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

N-4 N-1 N-0 N-0 
Yes 75 .0  6 100.0 b N/A N/A 
No 25 .0  0 . 0  N/A N/A 

100.0 100.0 N/A N/A 

Coastal  Piedmont Hountain A l l  c i t i e s  
!4-2 N - 3  H-0 N-5 

Yes 100.0 % 66.7 6 N/A 80.0 b 
No 0 . 0  3 3 . 3  N/A 20 .0  

100.0 100.0 N/A 100.0 



2 4 f .  How much sediment was removed? 
(cubic f e e t )  

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

Msdian 200 44700 68000 N/A 
Xsan 1167 44700 68000 N/A 
S. D. 17 18 62791 N/A N/A 
h'uber 3 2 1 0 

Coastal  Piedmont Hountain A l l  c i t i e s  
Hedian 300 N/A 3150 1725 
Hean 31550 N/A 3150 26817 
S .  D. 43549 N/A N/ A 40640 
h'umber 5 0 1 6 

2 L g .  Was f inding  a disposal  s i t e  for t h i s  sediment a problem? 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

N-14 K- 9 N-6 N-1 
Yes 0.0 h 22.2 a 16.7 % 0.0 0 
No 100.0 77.8 83.3 100.0 

100.0 100.0 100.0 100.0 

Coastal  Piedmont Hountain A l l  c i t i e s  
N-12 N-14 N - 4  N-30 

Yes 25.0 a 0.0 a 0.0 a 10.0 S 
No 75.0 100.0 100.0 90.0 

100.0 100.0 100.0 100.0 



24h. Do you ant i c ipa te  future problems vith d i s p o s a l  of sediment? 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

X-14 N-9 N-6 N-1 
Yes 7.1 % 44.4  5 3 3 . 3  % 0.0 % 
No 92.9 55.6 66.7 100.0 

100.0 100.0' 100.0 100.0 

Coastal Piedmont Hountain A l l  c i t i e s  
h'-12 H-14 N-4 N-30 

Yes 41.7 6 14.3 6 0.0 b 23.3 % 
So 58.3 85.7 100.0 76.7 

100.0 100.0 100.0 100.0 

2 5 .  I f  no sediment has been removed, have any plans been made for r e m o v a l ,  
t e s t i n g ,  and disposal? 

Ciries  C i t i e s  C i t i e s  C i t i e s  
undsr 10000 10-25000 25-100000 over 1OOOOO 

N-3 N-3 N - 4  K-0 
Yes 33.3 k 66.7 5 25.0 % N/A 
No 66.7 33.3 75.0 N/A 

100.0 100.0 100.0 N/A 

Coastal Piedmont Hountain All c i t i e s  
N - 4  N-6 N-O N-10 

Yes 75.0 b 16.7 b N/A 40.0 % 
No 25.0  8 3 . 3  N/A 60.0 

100.0 100.0 N/A 100.0 

25b. When do you a n t i c i p a t e  th* f i r s t  removal? 

A l l  c i t i e s  
Median 1.0 
Hean 1 . 1  
S.D. . 6  
Nwber 4 



26.  Are you or any orher public o f f i c i a l s  i n  your community aware of the EPA's 
n&w permitting process for  urban stormvater runoff? 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

N-37 N-29 N-17 N-5 
Yes 6 2 . 2  % 9 6 . 6  b 88.2  5 100.0 % 
h'o 3 7 . 8  3.4  1 1 . 8  0.0 

100.0 100.0 100.0 100.0 

Coastal Piedmont Hountain All c i t i e s  
N-31 H-49 N-8 N-88 

YSS 67.7 a 85.7 % 100.0 % 80.7 0 
No 32.3 14.3 0.0 19.3 

100.0 100.0 100.0 100.0 

27. Are m y  act ions  being taken to  respond to these regulations? 

C i t i e s  C i t i e s  C i t i e s  C i t i e s  
under 10000 10-25000 25-100000 over 100000 

N-22 N-2 5 N-15 N-5 
Yes 9 . 1  b 20.0 8 26.7 % 100.0 % 
No 90.9 80.0 7 3 . 3  0.0 

100.0 100.0 100.0 100.0 

Coastal Piedmont Hountain All c i t i e s  
t4-19 S-40 N-8 N-67 

Yes 10.5 a 32.5 5 12.5 6 23.9 5 
No 8 9 . 5  67.5 87.5 76.1 

100.0 100.0 100.0 100.0 



28. If additional resources vere available in your community, would you invest 
in stonwater improvements over other public expenditure choices? 

Cit ies  Ci t i e s  Cit ies  Cit ies  
under 10000 10-25000 25-100000 over 100000 

N-36 N-29 N-16 N-5 
Yes 7 2 . 2  % 69.0 % 56.3 0 40.0 % 
No 2 7 . 8  31.0 4 3 . 8  60.0 

100.0 100.0 100.0 100.0 

Piedmont Hountain A l l  c i t i e s  
X-31 N-47 N-8 h'-86 

Yes 80.7 0 55.3 % 7 5 . 0  k 66 .3  0 
h'o 1 9 . 4  4 4 . 7  2 5 . 0  3 3 . 7  

100.0 100.0 100.0 100.0 



7 .  A A  r r 3 u u ~ c e s  ana suppor~ were a v a ~ l a v r t :  A U L  ~ ~ u ~ u w a r c r  u a r m b s w s r t c  w r b a ~  

improvements or chenges would you make in your community? 

Cities Ci t i e s  Ci t i e s  Ci t i e s  
under 10000 10-25000 25-100000 over 100000 

N-36 N-28 N-17 N-5 
Upgrade existing system 52.8 0 64.3 8 64.7 8 20.0 % 
Pipe open ditches 16.7 10.7 11.8 0.0 
Improve aaincenance 

program 27.8 25.0 29.4 20.0 
Authorize study/invmtory 

of existing sys tern 19.4 21.4 17.7 0.0 
Dzv3lop a comprehensive 

improvsmsnt p l m  22.2 25.0 35.3 20.0 
Change existing regularions 16.7 21.4 58.8 60.0 
Other 19.4 21.4 29.4 40.0 

Upgrade existing system 
Pipe open ditches 
Improve maintenance 

program 
Authorize study/inventory 

of existing system 
Develop a comprehensive 

improvement plan 
Change existing regulations 
Other 

Coastal Piedmont 
N-30 N-48 
63.3 0 52.1 % 
20.0 10.4 

Mountain All cities 
N-8 N-86 
62.5 % 57.0 0 
0.0 12.8 



APPENDIX B STORKWATER FIELD SURVEY 



F i e l d   valuation Protocol 

Operational Tntesritv 

Clogging Inlet structures, channels, culverts, spillways, 
and pipes should not be clogged with debris or 
sediment. 

Good - no materials clogging pipes or channels 
Adequate - no major blockage of water flow 
Inadequate - substantial blockage of water flow 
Danger - blockage which might result in failure 

of structure or flooding 

S e d i m e n t Dry detention ponds, infiltration trenches and 
Buildup basins, channels, wet ponds, culverts, and porus 

pavement should be free of sediment buildup. 
Sediment is built-up beyond acceptable levels when 
it reaches riser pipes in ponds (wet or dry), when 
it covers pavement or infiltration trenches, and 
when it fills up channels, pipes, or culverts 
reducing their volume. 

Good - Buildup below acceptable levels 
Adequate - Buildup below or up to acceptable levels 
Inadequate - Buildup to point where removal 

should have been done 
Danger - sediment buildup threatens failure of 

structure or flooding 

Subsidence Subsidence of soils along soil and concrete 
A 1 o n g channels or ponds should be repaired. 
Channels and 
Ponds Adequate - no subsidence 

Inadequate - subsidence 
Danger - subsidence which may lead to channel 

blockage or dangerous footing 

E r o s i o n , Inlets, boxes, or pipes to any structure or channel 
U p s t r e a m  should not be causing erosion at inlet. 
Inlets 

Good - no erosion 
Adequate - minor erosion, not problematic 
Inadequate - erosion causing sediment buildup 
Danger - erosion threatening inlet 



E r o s i o n ,  
Downstream 
Outlets 

~ r o s i o n ,  
Embankments 

~ r o s i o n ,  
s t r e a m  
Channel 

P i p e s ,  
C u l v e r t s ,  
o p e n  
C o n c r e t e  
C h a n n e l s  
Intact 

s p i l l w a y  
Intact 

Outlets from underground pipes, culverts, or dams 
should not be causing erosion downstream. 

Good - no erosion 
Adequate - minor erosion, not significant 
Inadequate - erosion causing sediment buildup, 

or other problems 
Danger - erosion threatening to undermine structure 
The banks of ponds, channels, trenches, and basins 
should not be eroding. 

Good - no erosion 
Adequate - minor erosion, not significant 
Inadequate - erosion causing problems 
Danger - erosion threatening to block channel, 

cause flooding, or threaten structures 
(stormwater facilities, roads, homes, etc.) 

Any open channel should not be experiencing erosion 
in the stream channel or along the edges if the 
bottom is concrete. 

Good - no erosion 
Adequate - minor erosion, not significant 
Inadequate - erosion causing problems 
Danger -erosion threatening to cause flooding or 

threaten structures 

There should be no breakage or holes in pipes. 
Joints should be caulked. 

Good - no cracks or holes 
Adequate - no defects which are causing problems 
Inadequate - cracks or holes causing leakage 
Danger - defects which threaten collapse, 

flooding, or failure 

Normal and/or emergency spillways off of dams (wet 
or dry ponds and infiltration basins) should be 
intact. Pipes/channels should not have 
cracks/holes. Riprap should be in place. 

Good - spillway is complete, no cracks, riprap 
Adequate - minor cracks, limited riprap, no threat 

to structure 
Inadequate - defects which are causing erosion 

or leakage 
Danger - defects which are undermining 

structure 



Safety and Nuisance Concerns 

I n t a c t Any fences  should be i n t a c t .  Holes, blowdowns, o r  
Fences spaces  along t h e  ground should be r epa i red .  

Good - fences  a r e  i n t a c t ,  f a c i l i t y  is secure  
Adequate - any d e f e c t s  a r e  minor, e n t r y  would 

be d i f f i c u l t  
Inadequate/Danger - fences  have holes/gaps 

allowing easy e n t r y  
N o  Fences 

Algae 

Odors 

Mosquitoes 

Wet ponds should not  be covered with a lgae .  

Good - no a lgae  
Adequate - l imi t ed  a lgae  
Inadequate - covered by 1/3 o r  more 

Wet and d r y  ponds should not  have s t rong  no t i ceab le  
odors.  

Good - no odors 
Adequate - no s t rong  odors 
Inadequate - s t rong  smell  

Mosquitoes should not be rampant. Pay p a r t i c u l a r  
a t t e n t i o n  where waters a r e  s t agnan t ,  shal low,  and 
covered by a l i g h t  scum. 

Good - no not iceable  problem 
Adequate - few i n s e c t s  
Inadequate - l o t s  of b i t e s ,  evidence of breeding 

D e b r i s , There should be no t r a s h  o r  d e b r i s  i n  b a s i n s ,  on 
Trash s lopes ,  i n  channels,  o r  on porous pavement. Man- 

made and n a t u r a l  t rash /debr is .  Inc ludes  f l o a t i n g  
t r a s h .  

Mowing 

Good - no t r a s h  
Adequate - l imi t ed  amounts 
Inadequate - bunches, eyesores  

Grass should be mowed. 

Good - Height l e s s  than 8 inches 
Adequate - 8-12 inches 
Inadequate - over 12 inches 



T r e e s ,  Woody No t r e e s  o r  s h r u b s  ove r  1 i n c h  i n  d i a m e t e r  s h o u l d  
Shrubs be on e m b a n h e n t s ,  dams, i n  b a s i n s ,  o r  c h a n n e l s .  

Good - no t r e e s / s h r u b s  i n  t h e s e  c r i t i c a l  a r e a s  
Adequate - some 
I nadequa t e  - more than 113 

Maintenance Access 

Access 

S l o p e s  

Access  shou ld  be a v a i l a b l e  f o r  workers  and v e h i c l e s  
t o  s t o m w a t e r  s t r u c t u r e s .  

Good - g a t e s ,  r oads ,  r i g h t  o f  way adequa t e  
f o r  trucks 

Adequate - s t r u c t u r e s  n e a r  r o a d s  w i t h  minimal 
d i s t a n c e s ,  no c r o s s i n g  p r i v a t e  yards, 
r i g h t  of  way on ly  

Inadequa t e  - no n e a r  a c c e s s  f o r  work crews 

Channel and pond banks shou ld  n o t  be s o  s t e e p  t o  
make mowing d i f f i c u l t  

Good - s l o p e s  a r e  easy  t o  walk on 
Adequate - s l o p e s  can be mowed w i t h  power mowers 
Inadequa te  - s t e e p n e s s  o f  s l o p e s  r e q u i r e s  hand 

tools/weed whackers 



Field visit Summaries 

The results reported in the main text are pooled data from the 
four case study jurisdictions. Given that the selection of these 
cities was not done randomly, the results should be seen as 
exploratory and suggestive of possible issues. This section of 
the appendix breaks the field visit data out by each of the four 
jurisdictions. Table 1 provides a breakdown of the types of 
structures and ownership by jurisdiction. The appendix then goes 
on to provide a discussion of each of the four cities. 

HIGH POINT 
High Point (Population 66,560) is located in the western 

portion of the Piedmont region. Its drainage area is characterized 
by hilly terrain with multiple streams, ponds and lakes. The 
primary drainage channels and surficial water storage bodies are 
Oak Hallow Lake, High Pointe Lake, Payne Creek, Rich Fork River, 
and Deep River. The Deep River, located on the southeastern 
section of the city, is the primary outlet for the High Point 
watershed. 

1. Operational Integrity 
Blockage and clogging of stormwater facilities is not a 

widespread problem in High Point (see Figure 1). But where 
inadequate or dangerous blockage problems exist, they tend to be 
the result of vegetative overgrowth, accumulated debris, or 
physical damage to control structures. 

The most prevalent blockage impairment problems were found at 
culverts. Twenty percent of the culverts examined had serious 
blockage problems. About half of those were due to rocks and 
sediment buildup in an industrial section of the city. The other 
half were either the result of physical damage or a combination of 
sedimentation and vegetative overgrowth in older residential and 
commercial stomwater systems. 

In one commercial shopping plaza, two ground gutter 
inlets were completely sealed with plastic from shopping bags and 
other paper litter. Drainage flow in one of the associated 
junction boxes was almost completely obstructed due to a piece of 
plywood and other litter accumulated around it. In back of another 
commercial shopping center, three mattresses and assorted other 
garbage blocked two vegetative channels. Those obstructions caused 
bank erosion which undermined nearby pavement and widened the 
channel in the area adjacent to mattresses by about 3 feet. 

None of the detention basin spillways examined were seriously 
obstructed. This finding may be due, in part, to the predominant 
spillway designs in High Point--the vertical riser pipe and open 
concrete weir-which appear to be less susceptible to clogging than 
other designs (e.9,  junction box spillways with grated covers). 



TABLE 1 
SWLE CHARACTEI~ISTICS 

(Frequencies) 

Case-Studv Jurisdictions 

Highpoint Goldsboro Reidsville Raleigh Total Characteristics 

Ownership of Devices 

esidential 
~czmercial/Office 
-ndustrial 
ubl ic 

Total 

a p e s  of - Devices 

round gutter 
inlet (GG) 

Curb gutter 
inlet (CG) 

u l v e r t  (CUL) 
Channel - manmade 

lining (HLC) 
hannel - natural/ 
earthen lining 
( N W  

mnnel - riprap/ 
rock lining 
( R W  

.-?tention pond 
(RETB) 

Detention pond 
( DETB) 

3  filtration basin 
( I N B A )  

'I tal 230 161 138 314 8 4 3  





~ o s t  stormwater control facilities are not seriously impacted 
by sedimentation (see Figure 2). Problems from accumulated 
sediment were found primarily in the industrial section of the 
city. That section has relatively steep slopes which increases the 
velocity and erosive force of runoff. The suspended sediment 
settles out in the relatively flat portions of channels, 
depressions, around culvert inlets, and other obstructions. Of 
the twelve detention basins surveyed, only one had excessive 
sedimentation that needed removal. That basin was located adjacent 
to a commercial plaza.  About a third of the basin's storage 
capacity was displaced by sediment, and there was evidence of minor 
localized flooding. 

Although not endemic, several problems with erosion were 
found, About one fifth of the vegetative channels surveyed had 
inadequate or dangerous erosion problems affecting both the channel 
bed and embanbents. The most severe problems (about half of the 
cases), were in the industrial section of the city. At least four 
channel segments in that area were undermining the adjacent roadway 
and developing gullies several feet deep. Vegetative channels 
adjacent to two commercial shopping centers also had serious 
erosion problems. One case was the previously mentioned mattress 
dumping site, the other appeared to be the result of inadequate 
stabilization following construction. Embankment erosion was also 
a problem at one detention basin. The basin is located next to a 
commercial shopping center. The apparent causes of the erosion 
were lack of vegetative stabilization and steep slopes. 

The vast majority of the stormwater control structures 
surveyed were in good or adequate physical condition (see Figure 
3). However, the few problems identified presented either serious 
safety hazard or localized flooding problems. 

For example, in one commercial shopping plaza, two small 
junction box basins situated almost flush to the ground, had broken 
sides. In addition, the grated cover on one of the junction boxes 
was not properly secured, leaving half of the opening uncovered. 
The devices could not function properly because the broken sections 
on both junction boxes vent below ground level (i.e:, no detention 
effect). Considerable debris had fallen into both ]unction boxes, 
but did not appear to seriously obstruct drainage. However, given 
the basin's proximity to a neighborhood grocery store, the most 
serious threat stems from the possibility of children or others 
falling several feet down into the junction box. 

Along that same line, two curb gutter covers were broken in an 
older residential section of the city. That damage did not appear 
to impair the functional integrity of the inlets. However, in one 
case the broken cover did present a potential hazard for children 
because the break significantly increased the size of the inlet 
opening. Youths playing in the area could conceivably crawl in and 
be injured from the fall. 

Finally, about eight percent of the culverts surveyed were 
inadequate or dangerous due to physical deterioration. The 
culverts were located priniarily in older residential areas and 
appeared to have been crushed by heavy equipment moving across the 





Operational Integrity of Stormwater 
Management Devices - High Point 

C U L  R E T B  DETB 

PHYSICAL C O N D I T I O N  OF DEVICES 

Qualitative Ratings 

Good  ~d equate . 0 Inadequate  Danger 

Definitions: GOOD-no defects;  ADEQUATE- 
minor defects; INADEQUATE-defects caus- 
ing  impairment;  DANGER-possible failure 



outer unprotected sections. In two instances, the damage was 
severe enough to result in drainage backup and localized flooding. 
Two of the damaged culverts were of plastic composition. 

2 .  Public Safetv and Nuisances 
In addition to the above mentioned hazards from the broken 

junction boxes, culverts and curb gutter covers, we also examined 
the adequacy of fencing around the 14 detentioniretention basins 
surveyed. Three of the basins had exemplary safety fencing (two 
facilities were in commercial/office areas and one in an industrial 
location). Another fence in a commercial area was probably adequate 
to keep youngsters out, but older children could easily scale the 
fence. And one fence, in a grocery shopping center, was clearly 
inadequate. It had large gaping holes under the fencing and was 
only about 3 and 1/2 feet high. The remaining nine basins did not 
have safety fencing. Among those, two probably should have had 
safety fencing because of the volume and depth of water in the one, 
and steepness of embankments in the other. 

While vegetation often provides excellent stabilization of 
natural stomwater drainage systems, excessive grass and heavier 
growth can impair system performance by impeding or blocking 
drainage flow. Excessive vegetative growth may also create 
environments suitable for mosquito breeding and attract other 
pests. Vegetative growth provides some nutrient and toxic removal 
through plant uptake. However, failure to periodically remove that 
vegetation ensures reintroduction of those pollutants to the water 
system through subsequent decomposition. Another problem with 
excessive vegetative growth is that it can be aesthetically 
displeasing for adjacent property owners and others. 

We examined natural drainage structures for the adequacy of 
vegetative control. We found very limited excessive grass or 
heavier growth problems in High Point. None of the vege ta t ive  
channels had serious problems and just three detention basins had 
excessive growth. Two had grass that was several feet long and 
another, located behind a shopping plaza, had heavy grass and small 
tree growth. 

Stormwater drainage facilities were also relatively free of 
heavy debris and trash (see figure 4). While debris was found in 
many stormwater devices, it could have been characterized as an 
eyesore in only a limited number of cases. The only notable 
eyesores were plastic bags covering ground gutters, mattresses 
dumped in a channel, and dumping of trash in one of the detention 
basins adjacent to a shopping center. 

Of the nine detentioniretention basins with standing water, 
only one had a serious algae problem. It was located adjacent to 
a commercial shopping plaza and had a heavy algal bloom. Another 
detention pond adjacent to an office park had very green colored 
water, but had maintenance crews working on the problem at the time 
surveyed. No serious odor or mosquito problems were noted at any 
of the stomwater facilities surveyed. However, it should be noted 
that the survey was conducted during a relatively dry period of the 
summer. Mosquito and odor problems are likely to be more 





prevalent during or shortly after periods of wet weather. 

3. Maintenance Access 
Access to stormwater facilities was good or adequate at nearly 

all facilities surveyed, with the exception of two detention 
basins. Fencing around an N.C. DOT detention basin made machinery 
access very difficult and a similar problem existed in a basin 
adjacent to a grocery plaza. About one third of all vegetative 
channels examined were too steep to permit use of power mowers for 
maintenance. Forty-two percent of the detention basins were too 
steep as well. The N.C. DOT basin was so steep in places that it 
was difficult to maintain balance on the embankment. 

GOLDSBORO 
Goldsboro (Population 34,990) is located in the eastern 

portion of the Piedmont region. The city's drainage area is 
relatively flat as evidenced by its primary drainage channel which 
has an average slope of just 0.06 percent. The Atlantic East 
Carolina Railroad tracks divide the city into western and eastern 
drainage areas. The western portion of the city drains to a large 
concrete channel and the eastern portion drains to Stoney Creek. 
The Neuse River, located to the city's south, is the ultimate 
outlet for the city's watershed. 

1. Operational Intesrity 
Serious blockage and clogging problems were most prevalent at 

culverts and detention facilities (see figure 5). Seventeen percent 
of the culverts examined were seriously clogged with vegetative 
overgrowth, sedimentation, and debris. Most of those cases were 
located in residential and industrial areas. Of the eight 
retention/detention basins surveyed, half had spillways that were 
seriously impaired due to blockage from overgrowth, debris, and 
sedimentation. All four were located behind commercial shopping 
complexes. However, the chances of localized flooding resulting 
from that blockage appeared to be small in two cases because of the 
oversized storage capacity at those basins. In addition, about six 
percent of the manmade and natural lined channels were also 
seriously clogged with debris and sediment. As with the culverts, 
those cases were also found principally in the residential and 
industrial areas of the city. 

Sedimentation adversely affected a small proportion of control 
devices (see figure 6). Three ground gutter inlet junction boxes 
located in a commercial shopping plaza had heavy sediment deposits 
that half filled the outlet. Nine percent of the culverts were 
also about half full with sediment. Most of those culverts were 
found in an industrial section of the city. Fifteen percent of the 







vegetative channels had inadequate or dangerous amounts of 
accumulated sediment. About one third of those channel segments 
are maintained by the city, the remainder are the responsibility of 
residential and industrial property owners. Among detention 
basins, only two basins appeared to be in need of sediment removal. 
Both of those were located behind commercial shopping plazas. 

About twelve percent of the vegetative channels had excessive 
erosion of the channel bed and embankments. That included three 
sections of the city's large primary drainage ditch ( e ,  the 
southern portion), channels at industrial sites, and segments in 
older residential areas. In addition, embankments on two detention 
basins (both located behind commercial plazas) were eroding and in 
need of vegetative stabilization. 

Virtually a11 of the stormwater facilities were in good or 
adequate physical condition (see Figure 7 ) .  The exceptions were 
two culverts in a residential area that appeared to have been 
damaged by heavy equipment moving over them, and a concrete lined 
channel behind a shopping plaza that was cracked in half. One of 
the damaged culverts in the older residential area appeared to 
obstruct drainage flow to such a level that it would cause 
localized flooding. 

2. Public Safety and Nuisances 
The City of Goldsboro maintains adequate safety fencing around 

the perimeter of its primary concrete drainage channel-- the "big 
ditch." The big ditch averages about a 5 foot drop from ground 
level and has vertical walls. 

Three of the eight retention/detention basins surveyed had 
safety fencing. One detention basin, located behind a discount 
commercial shopping plaza, clearly had inadequate maintenance of 
its safety fencing. A large hole had been cut out of the chain 
link fence and there was evidence that youths used the interior 
area for swimming and socializing ( e . ,  spray painting and litter 
on the sides and at the central spillway). The possible health 
risks associated with such uses include illness of persons who 
inadvertently ingest contaminated water while swimming or wading, 
injury from broken glass, and drownings. Of the five remaining 
basins without safety fencing, one basin behind a mall clearly 
would have benefitted from fencing given its steep embankments. 

About fifteen percent of the vegetative channel segments 
surveyed had excessive overgrowth problems. About three-fourths of 
those also had heavy shrub and small tree growth. In addition, 

' half of the retention/detention basins had very heavy vegetative 
growth. Virtually all of the vegetative overgrowth problems 
existed at obscured facilities. The three detention basins were 
located behind commercial plazas. The single retention pond was 
located in front of a discount commercial plaza, but was off to the 
side and a considerable distance away from the heaviest parking 
usage. The southern portion of the big ditch is also largely 
obscured from public view. And more than three-fourths of the 
other overgrown channels were located behind commercial plazas as 
well. 
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Many of the stomwater management devices contained debris 
(see Figure 8). Pine needles accumulated in large clumps at curb 
gutter inlets in several residential neighborhoods. Inlets with 
large clumps of pine needles mixed with other refuse were 
considered eyesores (accounting for about 5 percent of the curb 
gutters). In one commercial shopping plaza, a plastic shopping bag 
was caught on a curb gutter grating and in turn was catching other 
debris. Vegetative channel sections behind a large mall area were 
illegally used as a dump in sections that were easily accessed by 
vehicles (i . e l  seven percent of all channels surveyed) . The worst 
eyesores were found at retention and detention basins located at a 
discount commercial shopping plaza. The front retention basin had 
accumulated considerable trash despite very high fencing with 
barbed wire at the top. In addition, the pond had a large algal 
bloom and a thick growth of cattails. The detention facility 
behind the store appeared to be a common spot for illegal dumping. 

Algal growth was only a problem at one retention basin. Strong 
odors were discernable at two ground gutters and appeared to be the 
result of standing water and decomposing refuse in the junction 
box. Mosquitoes and other insects were present at the retention 
basin with the algal bloom as well as the detention basin located 
behind that same commercial plaza. However, there did not appear 
to be an abnormal number of insects in either instance. 

3. Maintenance Access 
Maintenance access was adequate at all facilities surveyed 

with the exception of three channel segments of the city's "big 
ditch." The southern portion of that drainage path has heavy tree 
growth along the edges. As a result, there are no practical access 
points in many sections. In addition, half of the detention basins 
had slopes that were too steep for power mower use. 

REIDSVILLE 
Reidsville's (Population 12,300) topography is similar to that 

described for High Point. The city is divided into two drainage 
areas by the Southern Railroad tracks. The western portion of the 
city drains to the Cape Fear River Basin through various small 
tributaries, and the eastern portion drains to the Roanoke River 
Basin primarily through Troublesome Creek. 

1. Operational Inteqrity 
In the Reidsville sample, only four stormwater control devices 

had serious blockage problems. In one instance, a plastic culvert 
along a major arterial in the downtown area had been completely 
crushed by a heavy vehicle. Little or no runoff could move through 
the device and it appeared that some localized flooding had 
occurred as evidenced by roadside shoulder erosion and sheet flow 
matting on the adjacent grass area.  A curb gutter inlet located in 
a newer residential section and a ground gutter inlet in a 
commercial shopping plaza also had blockage problems; both stemming 
from accumulated debris on the grating. The other blockage problem 
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was a detention basin located in the downtown industrial area. In 
that case, outlets to the basin were three-quarters buried in 
sediment. This could be expected to significantly impede inflow 
and possibly result in localized flooding upstream. According to 
the city engineer, localized flooding is common in portions of the 
downtown because urbanization has increased the volume of runoff 
well beyond the control capacity of the existing system. 

Very few cases of excessive sedimentation were found in the 
sample (see figure 9). Excessive sedimentati-on was found along one 
section of a concrete lined channel in a new residential area and 
in two small detention basins located in the downtown industrial 
area. The loss of storage capacity in both basins was likely to 
exacerbate the existing localized flooding problem. 

There was little or no evidence of erosion at inlets, outlets, 
along natural channels, or in detention basins. Reidsville is very 
heavily vegetated, providing excellent stabilization of soils. 
However, some of the city's tributaries are eroding because of the 
aggregate effects of urbanization. In response to a recent civil 
suit, the City of Reidsville is stabilizing one riparian property 
owner's streambank which was heavily eroded because of increased 
stream stages. 

Manmade stomwater control devices were in very good physical 
condition on the whole. Two notable exceptions are a curb gutter 
that had its concrete cover broken and removed and the previously 
mentioned crushed culvert. The impaired curb gutter junction box 
was located on the edge of the city's downtown industrial and older 
residential area. It presented a serious pedestrian hazard because 
of its proximity to a pathway. Children and adults could easily 
fall through the gaping opening. Serious injury would be a likely 
outcome given the five-foot drop to the concrete base. 

2. Public Safetv and Nuisances 
Of the three retention and five detention basins surveyed, 

only one detention basin had safety fencing. That fence was 
largely unnecessary and appeared to have been installed primarily 
for aesthetic purposes ( e . ,  a wood corral style). Among those 
lacking fencing, one facility could have used safety fencing due to 
the steepness of the basin's embankments and proximity to 
pedestrian traffic. 

Nuisance problems from standing or stagnant water such as 
excessive algal growth, strong odors, and heavy mosquito 
populations were not found in this sample. Likewise, no major 
eyesores resulting from excessive debris accumulation, littering or 
dumping were found. 

3. Maintenance Access 
Adequate maintenance access was available at all stomwater 

facilities surveyed. Power mowers could not be used on two 
vegetative channels and one detention basin (located at a 
residential/industrial section of the community), because of steep 
embankments. 


































































