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1.0 INTRODUCTION 

The Edwards Aquifer recharge zone near the City of San Antonio is experi­
encing continued population growth and land development. Increased urbaniza­
tion may be accompanied by changes in the character of stormwater runoff. This 
is a particular concern in the Edwards Aquifer recharge zone because stormwater 
runoff eventually comprises a portion of the water that recharges the aquifer. 

The Edwards Underground Water District (EUWD), in conjunction with the 
U. S. Geological Survey (USGS), initiated a water quality sampling program on 
three small watersheds overlying the recharge zone near San Antonio in the 
mid-1970s. The program was conceived to demonstrate the effects of urbaniza­
tion upon water quality, recognizing the potential impact upon aquifer 
recharge. The test watersheds and streams (East Elm, West Elm and Lorence 
Creeks) were selected to exhibit urbanization levels ranging from undeveloped 
to fully developed. 

In July 1986, the EUWD retained Water Resources Associates, Inc:. (WRA) to 
compile existing data and conduct a limited statistical analysis of the three 
watersheds. The analysis was undertaken in order to determine if the existing 
data were sufficient enough to draw conclusions about the effect of urbaniza­
tion on runoff water quality. Water Resources Associates did not collect any 
new data during the conduct of the study. 

The results of WRA' s analysis of the data indicated a corresponding 
relationship between urbanization and water quality constituent concentrations. 
The precise relationship, however, was not fully determined because analytical 
results differed depending on whether arithmetic or flow-weighted average 
concentrations were compared (WRA, 1986). 

In order to better define the relationship between urbanization and 
stormwater runoff quality, it was recommended that the data collection program 
be continued and that the data base be updated and reanalyzed after a substan­
tial number of additional samples had been collected. Water Resources Associ­
ates also recommended that other hydrologic and physiographic: characteristics 
of the watersheds be studied to identify factors other than urbanization that 
may contribute to observed differences in constituent concentration. Finally, 
it was recommended that a unit loading analysis be conducted for each water­
shed. 

After completion of the watershed study, the EUWD requested that WRA 
submit a proposal describing and analyzing stormwater runoff control techniques 
available to protect water quality. Water Resources Associates submitted its 
proposal on December 2, 1986, which was approved by EUWD. James Miertschin and 
Associates of Austin, Te~as was subcontracted by WRA to help conduct the new 
study. Throughout this report the WRA/Miertschin team is referred to as WRA. 
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The objectives of the runoff control study were to provide information on 
stormwater runoff control techniques available to protect water quality, to 
provide information about existing runoff control programs in Texas and to 
summarize the information in order to assist the EUWD in determining the scope 
of further investigations. 
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2.0 WATER QUALITY CONTROL STRATEGIES 

2.1 METHODOLOGY 

Several stormwater quality control strategies, or Best Management Practic­
es (BMPs), were surveyed through a limited research of the recent literature. 
Those strategies which were considered by WRA to be most applicable to the EUWD 
area were identified and described. The performance characteristics of each 
identified control strategy were summarized in qualitative terms. Similarly, a 
qualitative evaluation of the factors involved in the costs of each identified 
strategy has been prepared. 

Quantitative data on removal efficiencies of control strategies reported 
in the various sources surveyed has been purposely omitted. The variability of 
the physical differences among watersheds and the variability of the storm 
rainfall amount, intensity and duration on which the removal efficiencies are 
based make comparisons difficult. In addition, the vagaries of stormwater 
sampling and chemical analysis may impart considerable "noise" to the data 
base. In fact, it is not unusual to find literature reports of negative 
removal efficiencies for various control strategies, indicating an increase in 
pollutant load in the effluent over the influent. This is a questionable 
outcome, contrary to theoretical principles, and is most likely explained by 
the intangibles involved in the sampling exercises. 

Because of the difficulties in determining the impact of any BMP strategy 
on a watershed's assimilative capacity, stormwater quality control regulations 
are usually based on performance standards. A performance standard is a 
technology-based limitation against which a proposed water quality control 
strategy can be measured (Livingston, 1986). If, for example, the performance 
standard is the detention and filtration of the runoff of a specified volume, 
then control strategies which meet this performance standard are assumed to 
meet the applicable water quality standard. The objective of a performance 
standard is to achieve a level of pollution removal consistent with theoretical 
and historical observations. 

Both non-structural and structural control strategies have been identi­
fied: 

Non-Structural Controls 
Overland Flow 
Performance Zoning 
Sweeping Impervious Surfaces 

Structural Controls 
Filtration Measures 
Sedimentation Basins 
Sand Filtration 

3 
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These structural and non-structural strategies are usually components of a 
permanent stormwater management program. In addition, temporary practices to 
suppress erosion and prevent subsequent deposition of sediment are often part 
of an overall management program. A brief summary discussion of several common 
temporary practices, both structural and vegetative, has been included. 

2.2 NON-STRUCTURAL CONTROLS 

2.2.1 Overland Flow 

Description. Maintaining vegetative buffer strips between urban develop­
ment and creeks and streams is a non-structural approach to pollutant removal. 
Borner (1985) suggests that the primary pollutant removal mechanisms involved 
in overland flow are: 

0 

0 

0 

Suspended solids - sedimentation and filtration through the 
vegetative cover; 

Metals - precipitation when associated with the suspended load, 
plant uptake, ion exchange and more significantly adsorption on 
the organic layer of the soil surface; 

Organics - bacterial decomposition and adsorption; 

o Bacteria - precipitation when adhered to the solids portion; and 

0 Nutrients - adsorption to the soil surface, nitrification, 
infiltration and denitrification of nitrate in the anaerobic 
zone of the saturated soil profile, plant uptake and precipita­
tion. 

Performance. Overland flow has received a great deal of attention as a 
means of treating domestic wastewater, usually involving carefully maintained, 
engineered systems with controlled flow rates and optimum physiography; unfor­
tunately optimum conditions are seldom found in natural systems. The factors 
affecting the overall performance of vegetative buffer strips are: type and 
height of vegetation, buffer length, buffer slope, depth and permeability of 
the buffer soil profile, and the rate of runoff entering and passing through 
the buffer strips. 

The effectiveness of the overland flow system is restricted if a uniform 
distribution of flow across the buffer is not achieved. Channelization of the 
flow can encourage erosion, eliminate vegetative contact and negate buffer 
efficiency. 

Slope is a significant factor to efficiency if the increased flow rates 
and corresponding increased velocities typically associated with urban runoff 
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are considered. Hinricks et al. (1980) stated that slopes less than 2 percent 
and greater than 6 percent significantly reduce the effectiveness of the buffer 
strip to remove pollutants. Studies done by the Maryland Department of Natural 
Resources (1984) indicated that slopes less than 5 percent are most effective 
for efficient buffer performance. 

Wong and McCuen (1981) and Karr and Schlosser (1977) have suggested that 
overland flow is most effective when accompanied, in series or parallel, by 
other BMP strategies, such as sedimentation and subsequent filtration. 

Cost. The primary cost associated with overland flow is the dedication of 
a buffer zone, to be free of all construction activity, between impervious 
cover and adjacent streams. This buffer is generally related to the stream 
center line and may be specified as the delineated 100-year or some other flood 
plain with limits on width. For example, the buffer zone can be stipulated to 
be the selected flood plain width provided that it shall never be located 
greater than a specified outside limit nor less than an inside limit measured 
from the centerline on both sides of the waterway. Development activities 
adjacent to major waterways are penalized more by this control strategy than 
are upland developments. For example, in some water quality management pro­
grams, an additional area is required adjacent to the overland flow zone, in 
which limits on impervious cover are also controlled. 

In some cases the regulatory entity or municipality is deeded the flood 
plain and additional open space (buffer zone) for park land which it must then 
maintain. Other costs to the regulatory entity are usually associated with the 
development of standards, dissemination of information and plan review. 

2.2.2 Performance Zoning (Density and Impervious Cover Controls) 

Description. Performance zoning, an alternative to conventional develop­
ment planning, is an innovative approach to urban development which, in theory, 
is sensitive to environmental concerns. An example of performance zoning is 
the establishment of an open space ratio for residential development that 
requires a percentage of the total land area to remain undeveloped. Because 
performance standards, such as an open space dedication, are based on a 
measurable criteria (i.e., impervious cover), a developer is allowed greater 
flexibility than under conventional zoning regulations. The developer decides 
where to locate the open space and what it will look like. 

Performance. Performance zoning encourages the preservation of vegetation 
and reduces paved areas which should result in reduced runoff volume and flow 
velocity. This in turn should reduce the potential for erosion. However, 
quantifying the relationships between land use density, impervious cover and 
pollutant loading is not easily accomplished. 

Rimer et al. (1976) and Engineering Science (1983) have indicated a 
relationship between impervious cover, runoff and increased pollutant loadings. 
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Griffin et al. (1980) observed an abrupt increase in the normalized loadings 
for total phosphorus, total nitrogen, total suspended solids and chemical 
oxygen demand in the range of 40 to 50 percent imperviousness. They found no 
conclusive increase between 14 and 39 percent imperviousness, representing the 
low to medium land use density range. 

The findings of the Nationwide Urban Runoff Program (NURP) (USEPA, 1983) 
established that, although there is a positive relationship between percent 
impervious area and runoff coefficient, land use category does not have a 
significant influence on pollutant concentration. When considered on a unit 
area basis, total pollutant mass loads were found to be significantly higher 
for commercial areas, attributable to increased impervious cover and runoff 
volume. The significance of this conclusion, however, is put into perspective 
when the total area of commercial development within the watershed is compared 
to the total watershed area. 

Cost. Performance zoning and other methods of density and impervious 
cover controls can result in a shortened total roadway length because develop­
ers tend to cluster housing to achieve performance zoning regulations. A 
savings in road and utility construction costs can, therefore, be realized. 
However, construction cost savings can be offset by increased land costs and 
attendant market risks. 

The savings realized to the regulatory entity or municipality are associ­
ated with street maintenance and the acquisition of park land deeded by the 
developer from open space areas. Additional administrative costs to the 
regulator would be associated with the development of standards, dissemination 
of information and plan review. 

2.2.3 Sweeping Impervious Surfaces 

Description. Sweeping of streets and parking lots is a non.:.structural 
source control strategy suited to developed areas where other techniques, such 
as sedimentation and filtration basins, are not suitable or were not implement­
ed as control strategies at the time of development. Source controls are 
intended to reduce the generation and accumulation of stormwater pollutants at 
the source. 

Two types of sweeping equipment are in use: mechanical broom sweepers and 
vacuum assisted sweepers. Studies have shown the vacuum assisted sweeper to be 
the more efficient of the two (Heaney and Nix, 1977). Sweeper efficiency is 
related to the proportion of material available for pick up. Best sweeper 
performance is achieved by use of a crimped wire or fiber broom at a slow 
forward speed with heavy broom pressure and fast broom rotation (Pitt, 1979). 
Conceptually, in an area with a high percentage of street surface, sweeping 
will remove a greater fraction of the total watershed pollutant load than in an 
area of lesser street density. By this reasoning the quality of runoff from 
commercial and industrial areas would benefit more from sweeping than would 
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residential areas. Because of heavy accumulation of sediment in commercial and 
industrial areas, sweeping would result in a greater amount of sediment removal 
and would be more efficient on a ton-per-mile basis. 

Performance. Outside of the aesthetic consideration, street sweeping has 
limited application as a urban pollutant control strategy. Findings in the 
final NURP report (USEPA, 1983) stated that no significant reductions in event 
mean pollutant concentrations (EMCs) are realized by street sweeping. The NURP 
study further concluded that median concentrations "are as likely to be 
increased as decreased by street sweeping." 

In their assessment of the results of ten years of research on street 
sweeping beginning in 1970, Sartor and Gaboury (1984) concluded that, in 
practice, if the average time between rainfall events is less than the sweeping 
interval, contaminants would be routinely washed away. As an average for the 
nation, the sweeping interval should be no more than 6 to 8 days to be effec­
tive. 

Cost. The costs ·of a sweeping program as a pollution control strategy 
would be much greater than the costs of a conventional sweeping program because 
of the frequency necessary to achieve even marginal results. Capital expendi­
tures are primarily associated with the purchase of sweeping equipment. 
Operations and maintenance costs are high in relation to other pollution 
control management practices because sweeping is labor intensive. Studies 
(Pitt, 1979) indicate that labor costs represent 73 percent of the total annual 
cost of a sweeping program. 

2.3 STRUCTURAL CONTROLS 

2.3.1 Infiltration Measures 

Infiltration measures are designed to encourage recharge of stormwater to 
the ground water. An assortment of strategies are available including swales, 
infiltration trenches and porous pavement. The concept of infiltration 
presents somewhat of a dichotomy for the Edwards Aquifer recharge zone. 
Recharge of the aquifer's resources is certainly desirable from a volumetric 
standpoint; however, introduction of pollutants is a realistic concern. 
Recharge to the Edwards Aquifer occurs primarily by infiltration of surface 
water from streams that cross the Balcones fault zone and to a lesser extent by 
direct infiltration of precipitation on the outcrop (Andrews et al., 1984). 

Typically, strategies which promote infiltration are historically found in 
geographic areas that feature relatively deep soil profiles, providing opportu­
nity for filtration and adsorption of a variety of constituents in the 
infiltrating water prior to contact with subsurface water supplies. Deployment 
of infiltration measures ·in the Edwards Aquifer recharge zone should carefully 
consider site specific conditions. Caution must prudently be exercised to 
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avoid situations that would facilitate rapid infiltration of waters of unsuit­
able composition. 

Among the strategies incorporating infiltration (porous pavement, infil­
tration trench and swales) as the primary mechanism for pollutant removal, the 
one most couunonly found throughout the literature is swales. Porous paving, 
usually an open graded asphaltic pavement or concrete lattice blocks, encourag­
es infiltration through the surface into a gravel sub-base. Infiltration 
trenches, either central or peripheral to a conventionally paved parking lot, 
are used to collect, store and filter runoff. Swales are discussed here in 
greater detail. 

Description. Swales are usually broad, shallow waterways lined with 
vegetation. Swales, being a component of the natural drainage system, are 
sometimes used in the place of conventional storm sewers to collect runoff 
using the existing topography wherever possible. Swales are designed to 
mitigate the impacts accompanying urban development by reducing the volume and 
the velocity of runoff. The volume is reduced because the swale promotes 
infiltration, and the vegetated channels reduce velocity because of the resis­
tance flow provided by the vegetation. 

Performance. Pollutant removal is best achieved when the swale is con­
structed over permeable soils. Poorly drained or excessively compacted soils 
are not favorable to infiltration (North Central Texas COG, 1984). 

Results reported in the NURP study (USEPA, 1983) of paired neighborhoods, 
one with storm sewers and one with swales indicated no significant improvement 
in runoff water quality associated with swales. However, the contact time in 
the swales was five minutes or less, an insufficient duration to allow contact 
with the vegetative growth and percolation into the underlying soils. 

A 1982 study (Oakland, 1983) analyzed the data from 11 storm events on a 
grass-lined swale 100 feet long, 1 foot deep with a 10 feet top width and on a 
1.5 percent slope. Contact times in the swale were usually greater than two 
minutes. The results indicated statistically significant reductions in chemi­
cal oxygen demand, nitrate, nitrite, as well as, cadmium, copper, lead and 
zinc. No significant removals were shown for biochemical oxygen demand, 
organic nitrogen or total phosphorus. Increases in suspended residue and fecal 
coliform were observed. The study concluded that water quality will be im­
proved to the extent that infiltration is achieved in the swale. Horner 
(1985), in his review of the literature on highway runoff water quality, 
concluded that researchers are in agreement that once the contaminant is 
trapped in the soil profile there is virtually no migration, either horizontal­
ly or vertically. 

Runoff generated from smaller, more frequent storms experience higher 
contaminant removal efficiencies due to lower flow volumes and velocities. 

8 
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Similar to the problems encountered in overland flow, particulates settled or 
entrapped at the swale surface can be resuspended in subsequent runoff events. 

Cost. Experience in Texas (USEPA, 1980) has shown that a natural drainage 
system incorporating swales can be constructed with less capital expenditure 
than a conventional storm sewer system. Capital expenditures for the natural 
system include land costs, grading and vegetating the site. Maintenance 
requirements include debris removal, landscape upkeep, insect control, sediment 
removal and fertilization. 

2.3.2 Sedimentation Basins 

Description. Sedimentation basins are ponding areas created to temporari­
ly detain stormwater runoff for the purpose of settling suspended material. 
Stot'lWater management basins whose primary purpose is flood peak attenuation 
provide an opportunity for sedimentation to occur. Sedimentation efficiency in 
stormwater management basins is enhanced by increasing the detention time for 
settling purposes. Provisions for excess storage to compensate for accumulated 
sediment and periodic sediment removal are important considerations in the 
design of sedimentation basins. This type of basin is generally referred to as 
a "dry pond". 

"Wet ponds" are stormwater management features that retain a permanent 
pool of water. A portion of the permanent pool is replaced by inflows from 
stormwater events. Wet ponds used for recreation or aesthetics can also 
incorporate stormwater attenuation and water quality control. Wet ponds, 
unlike detention/sedimentation basins (dry ponds), make use of biological 
processes to reduce the soluble fraction, such as nutrients, from the inflow 
pollutant load. The primary factors in these biological processes are algae 
and plant growth. 

Performance. Although significant suspended solids removal can be 
achieved in dry ponds given sufficient detention time, research indicates that 
sedimentation by itself is limited as a BMP. Removal efficiencies for the 
soluble fraction of the runoff pollutant load have been shown to be relatively 
small. Results presented in the final NURP report (USEPA, 1983), based on data 
from more than 30 storm events, indicate that removal efficiency associated 
with the particulate forms (total suspended solids and total lead) of urban 
pollutants is "typically high" in sedimentation basins. Randall et al. (1982) 
supported this conclusion but also noted that, with the exception of lead, the 
removal of TSS did not correlate well with the removal of other pollutants. 
Removal of particulate material by sedimentation will affect various constitu­
ent concentrations only to the extent that they are associated with settleable 
matter. A large fraction of the pollutant load for a variety of constituents 
is carried by the smaller particles (colloids) which require longer settling 
times or do not settle at all. 
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The final NURP report (USEPA, 1983) concluded that when basins are ade­
quately sized, significant particulate removals can be obtained in wet ponds. 
As with dry ponds, lower reductions are realized for the soluble fractions. 
High removals are encountered with those constituents (particularly lead) 
associated with the suspended particle load. 

Cost. The initial (land and construction) costs of sedimentation basins 
would depend on the required storage volume. Costs can be reduced if natural 
topography can be used in the basin design. Construction costs can be estimat­
ed using current unit costs for construction applicable to the local area. 

The type and location of the basin will greatly impact the operation and 
maintenance costs. Sedimentation basins will require periodic removal of 
accumulated material. Basins located in fully developed areas would require 
less frequent cleaning than basins in developing watersheds. Periodic replace­
ment of the filter media would increase the maintenance costs associated with 
filtration. Access to the basins for sediment removal is necessary as is the 
disposal of accumulated material. Other considerations in the costs for an 
operations and maintenance program are: debris and litter removal, mowing and 
landscape upkeep, insect control, aquatic plant control, inspection and repair. 

2.3.3 Sand Filtration 

Description. In sand filtration, the first portion (typically the first 
one-half inch) of storm runoff is passed through granular media (sand, gravel) 
to an underdrain system and discharged. Stormwater is filtered through the 
media and particulates are retained near the surface. A portion of the soluble 
fraction of certain constituents may be adsorbed by soil particles within the 
filter profile. 

The underlying assumption supporting this control strategy is based on 
isolating the "first flush" of runoff from the contributing watershed. The 
assumption is that most of the pollutant load is contained in the initial 
runoff volume. The first flush phenomenon may be site specific and depend upon 
rainfall characteristics and individual constituent behavior. 

Performance. Sand filtration systems have, in general, been shown to be 
effective in removal of the particulate fraction of the runoff but less effec­
tive for removal of the soluble fraction. Hydroscience (1976) noted that the 
removal of other solids related pollutants can result from removal of the 
suspended solids fraction. Therefore, the performance of sand filtration 
systems vis-a-vis removal of specific constituents is dependent upon the 
constituent distribution between soluble and particulate fractions. For 
example, in some cases, total nutrient loads may have a large soluble component 
that will be largely unaffected by the filtration process. Some removal of 
soluble components can occur by adsorption or ion exchange. However a loss in 
removal effectiveness may occur as exchange capacity is exhausted. 

10 
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A serious drawback to sand filtration is the problem of frequent clogging 
of the filter media by the trapped suspended load and biological activity. 
Clogging by suspended matter is considered the most serious deterrent to sand 
filtration. The clogging process can occur in several ways: formation of a 
surface layer, filling of the soil interstices near the surface, and penetra­
tion of the suspended particles and accumulation at deeper levels. 

Biological clogging of the soil pore space is caused by microbial growth. 
It is basically a surface phenomenon which involves the formation of an organic 
mat. Periodic drying of the bed surface between stormwater events will bring 
about a return, or partial return, of the filter media to its original infil­
tration rate if biological activity is the primary clogging process at work. 

Clogging by suspended matter is dependent upon many variables, including 
the size distribution of the porous media, settling velocities and the concen­
tration of the suspended material. 

Behnke (1969) showed that clogging by suspended matter is a surface 
sealing process. Berend et al. (1967) stated that a sediment layer will be 
formed on the surface if the settling velocity exceeds the infiltration veloci­
ty. A gravitational layer is formed as coarser particles settle first and the 
limiting layer builds upward becoming progressively finer, straining still 
smaller particles from the infiltrating water and therefore reducing the 
infiltration rate. Recovery of the infiltration rate can only be achieved by 
partial or total removal of the limiting layer. 

Cost. The costs associated with filtration basins are discussed in 
Subsection 2.3.2,_Sedimentation Basins. 

2.3.4 Temporary Erosion Control 

Description. Sediment load generated during construction can be, on an 
annual basis, 100 times greater than the sediment loads produced from estab­
lished urban areas (Daniel and Keeney, 1978). Temporary erosion control prac­
tices are used during construction to reduce sediment transport from denuded 
areas. Temporary erosion control practices can be classed as vegetative (non­
structural) and structural. Fast growing annual and perennial grasses are used 
on partially completed construction sites to protect disturbed areas from 
erosion for short periods of time. Temporary vegetative practices consist of 
temporary seeding and mulching. Structural erosion control methods can be 
grouped as either barriers or filters. 

Barriers trap sediment and reduce the velocity of runoff water, thereby 
reducing its sediment carrying capacity. Erosion control methods classified as 
barriers include: 

11 
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straw bales; 
diversion, interceptor and perimeter dikes; 
swales; 
grade stabilization structures; and 
sediment basins and traps. 

Filters are erosion control devices that allow runoff water to pass 
through but trap sediment by filtration. Types of filters in common use are: 

rock and brush berms; and 
fabric silt fences. 

Performance. The particulates associated with the sediment runoff from 
construction sites are generally heavier than the suspended fraction in urban 
runoff. This attribute facilitates the removal of sediment by settling or 
trapping or by filtration through a rock or brush berm or fabric filter fence. 

Performance is difficult to quantify because the nature of the control 
strategy is preventative more than corrective. A study prepared for the Texas 
Water Quality Board (Bernard Johnson, Inc., 1976) gives evidence of significant 
sediment removal by straw bales. Rock and brush filter berms were not found to 
be as effective as other types of barriers. Siltation devices operate best in 
runoff events from storms of limited intensity. 

Cost. The construction of temporary control devices requires relatively 
small capital expenditures. Additional costs are associated with the formula­
tion and design of the temporary erosion control plan, the site development 
permit and review fees charged by the regulating entity. The costs to the 
regulator are associated with implementation of the program, plan review, 
inspection of the facilities and enforcement of the enabling ordinance. 

12 
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3. 0 TEXAS STORMWATER MANAGEMENT PROGRAM 

3.1 METHODOLOGY 

Seven Texas cities were surveyed to identify the stormwater runoff control 
programs which have been implemented. Telephone interviews were conducted with 
city departments responsible for the stormwater programs in Austin, Dallas, El 
Paso, Fort Worth, Houston, New Braunfels and San Marcos. Information contained 
in a recent statewide study, Survey of Drainage Problems of Cities in Texas 
(Mason and Laza, 1985), provided insight for preparation of interview ques­
tions. 

In most of the cities surveyed, stormwater control programs are designed 
primarily for attenuation of peak runoff flows to alleviate flooding concerns. 
Two Texas cities, Austin and San Marcos, have established stormwater management 
programs which incorporate techniques specifically for water quality protec­
tion. Although the other Texas cities do not consider water quality protection 
as an objective of their programs, appropriate information about their programs 
is provided. A brief overview of the State of Texas' permitting program is 
provided. 

3.2 STATE PROGRAM 

The State of Texas has a program conducted by the Texas Water Commission 
to permit stormwater runoff discharges. This program was initiated around 1972 
and runs parallel to the U.S. Environmental Protection Agency's permitting 
program. Program requirements differ according to the type of source. For 
instance, residential development is not likely to require a permit because the 
state does not consider runoff from such areas to be significantly contaminat­
ed. Commercial development may require a permit depending upon the proposed 
use, anticipated pollutant levels and other factors which are evaluated on a 
case-by-case basis. A permit is always required for industrial development. 

When a permit is required limits are typically established for total 
organic carbon or chemical oxygen demand, oil and grease, and pH. The TWC 
establishes a monitoring program for the constituents based on the expected 
discharge and type of operation and requires that test results be reported. 
The TWC does not specify any techniques for controlling or treating stormwater; 
instead, the permit holder is allowed to implement appropriate measures to meet 
the limitations. 

3.3 CITY PROGRAMS 

3.3.1 City of Austin 

The City of Austin initiated its runoff control program in 1976. Deten-
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tion and retention facilities were recognized as ways to control stormwater 
drainage and to protect water quality. In 1982, the concern for runoff water 
quality protection led the city to publish an erosion and sedimentation control 
manual. The manual offers objectives, design considerations, plan requirements 
and standards to assist developers and engineers in implementing the erosion 
and sedimentation policy. Objectives of the erosion and sedimentation control 
policy are to reduce sedimentation in streams, protect the quality of the water 
in the Austin environment, promote recharge of the Edwards Aquifer and provide 
restoration of construction sites. 

Construction plans for current development projects in Austin must address 
erosion and sedimentation control and detention and retention. For erosion and 
sedimentation control, 15 temporary structural practices may be considered, 
including diversion dikes, rock berms, brush berms, bay bale dikes, silt fences 
and swales. Permanent structural practices which may be considered are diver­
sions, grass-lined swales, level spreaders, stone rip-rap, gabions, subsurface 
drains and land grading. Other temporary and permanent structural practices 
will be considered on a case-by-case basis. Vegetation practices to stabilize 
critical areas and special practices, such as minimizing stripped areas and 
protecting trees during construction, are also required. 

The city recommends the consideration of detention and retention facili­
ties for drainage control, though the primary focus bas been on detention 
facilities. Retention refers to stormwater runoff collected for a significant 
period of time and released or used after the runoff bas ended. Retention 
storage usually consists of wet ponds which have recreational and/or aesthetic 
value. Detention consists of reducing the rate of runoff for a short period of 
t:lme in order to reduce peak flows. This is accomplished by controlling the 
discharge through an outlet structure and thereby extending the period of 
runoff (City of Austin, 1983). 

Maintenance of the various water quality protection facilities is the 
responsibility of the property owners where the facilities are located on 
private property or easements. Regional facilities are dedicated to the city, 
which is responsible for providing ongoing maintenance. Inspection and en­
forcement is provided by the Transportation and Public Services Department. 

Currently, the City of Austin is revising the drainage standards and 
erosion and sedimentation control guidelines. These changes are primarily in 
response to the 1986 Comprehensive Watersheds Ordinance. Objectives of this 
ordinance include preventing loss of recharge to the Edwards Aquifer and 
protecting the quality of recharge to the Edwards Aquifer. 

The most significant changes will occur in the drainage program, where the 
primary control strategy will be to capture and isolate the first one-half inch 
of runoff from the contributing drainage area. This first flush is defined as 
the water quality volume {WQV). The recommended water quality treatment 
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operations will be sedimentation and filtration. Guidelines will provide for 
the consideration of two different sedimentation-filtration system configura­
tions to accommodate topographic: limitations. Specific: requirements vary 
according to the type of watershed, defined as either suburban, water supply 
suburban or water supply rural. Filtration basins located on the Edwards 
Aquifer recharge zone will be required to have an impermeable liner in order to 
prevent the possibility of unfiltered pollutants from entering the aquifer 
(City of Austin, 1986a and 1986b). 

The City of Austin has not completed any detailed studies to evaluate the 
effectiveness (nor demonstrate the necessity) of its stormwater runoff control 
techniques. The city has, however, completed an interim study of several 
detention/filtration facilities. Analysis of the data indicates that the 
control structures are operating within the design parameters. The USGS is 
scheduled to publish the official results of the limited sampling effort in 
1987. 

3.3.2 City of San Marcos 

Developers in San Marcos must obtain a site development permit from the 
engineering department before construction can begin. As part of the site 
development permit, the project engineer must prepare a stormwater runoff, 
erosion and sedimentation control plan and report. Elements of the report, as 
identified in the Interim Drainage and Erosion Control Ordinance (first passed 
in 1976), are: construction sequencing as it relates to placement, maintenance 
and/or removal of temporary erosion controls and restoration measures, a list 
of erosion controls and maintenance thereof, slope stabilization techniques to 
be employed and method of restoration, including vegetative types. Technical 
data and calculations must also be shown. 

The city initially had a manual of compliance but this manual was never 
used. The only guidance, therefore, is the Erosion and Sediment Control 
Guidelines for Developing Areas in Texas prepared by the Soil Conservation 
Service (SCS) and the City of Austin Drainage Criteria Manual, both referenced 
in the ordinance. Standards for overland flow and natural drainage identified 
in the ordinance are as follows: 

0 

0 

0 

0 

Natural drainage patterns shall be preserved whenever possible. 

The loss of the pervious character of the soil shall be limited 
in order to prevent erosion and attenuate the harm of contami­
nants collected and transported by stormwater. 

The use of streets and street right-of-ways as the central 
drainage network shall be avoided whenever practical. 

Construction of enclosed storm sewers and impervious channel 
linings shall be permitted only when the city engineer, or his 
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designated representative, on the basis of competent engineering 
evidence, concludes that such storm sewers or impervious linings 
are justifiable options. 

Necessary stormwater drainage systems and/or culverts shall be 
designed to mitigate the impact of erosion and stormwater runoff 
on water quality through the use of approved control strategies 
to control sediment and dissipate energy and through the use of 
multiple smaller outlets whenever practical, and by locating 
discharges to maximize overland flow. 

Compliance with these standards is evaluated on a case-by-case basis by the 
engineering department. Inspection is provided by the environmental division. 

In addition to these requirements, the city has established an impervious 
cover requirement to aid in water quality protection. Impervious cover is 
limited to 35 percent on slopes from 15 percent gradient to 25 percent gradient 
and to 20 percent on slopes over 25 percent gradient. 

The City of San Marcos is currently preparing technical standards to be 
used in the preparation of stormwater runoff, erosion and sedimentation control 
plans. The city is also considering the preparation of·a master drainage plan 
which would include consideration of regional detention facilities. 

3.4 OTHER CITIES 

All of the remaining Texas cities surveyed (except New Braunfels) either 
allow or require the use of detention and/or retention facilities iri their 
stormwater management programs. The purpose, however, for use of those facili­
ties is for flood control. Any water quality protection is a secondary 
benefit. Several cities have also established limited erosion and sedimenta­
tion control requirements. Pertinent details of the other cities surveyed are 
provided. 

In the City of Dallas, the public works department is responsible for the 
stormwater management program. The city only requires detention or retention 
basins in sensitive areas (escarpment area in Southwest Dallas) and in areas 
with overtaxed stormwater facilities. The primary purpose of these facilities 
is to control flood waters. The city has no formal manual but has criteria 
which it will review with developers and engineers. The city requires an 
erosion control plan for developments in the escarpment area and near 
floodplains. Developers typically use the SCS erosion and sediment control 
guidelines. 

The City of El Paso initiated its stormwater management program in 1972. 
The city reco1!DIIends and considers a variety of techniques including ponds, 
detention basins, retention basins, on-site ponding, desilting basins, wind 
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fences and swales. The specific requirements are identified in the city's 
grading ordinance, subdivision design standards and subdivision ordinance. 
Construction and maintenance of control structures is the responsibility of the 
developer, though the city is responsible for maintaining any structures deeded 
to the city. The engineering department is responsible for the stormwater 
management program. 

The City of Fort Worth has informal recommendations for the use of deten­
tion and retention facilities and will meet with developers and engineers to 
discuss the reco11D1lendations. The city is considering a formal detention and 
retention requirement, but the requirement would be minimal. Based upon an 
extensive stormwater sampling program, discussions with other cities and 
discussions with the Environmental Protection Agency, the city feels that its 
stormwater quality problems are caused by illegal connections into the storm 
sewers. The department of environmental health services has established a 
storm drain entry team and is working with the building department to identify 
and correct illegal connections. 

The City of Houston has no specific requirements for the use of detention 
and/or retention facilities, except where the Harris County Flood Control 
District has determined that the existing flood control facilities are over­
taxed. In those watersheds (only 3 currently identified), the storm sewer 
engineering division within the public works department will require co11D1lercial 
developments to construct detention facilities. The Harris County Flood 
Control District is responsible for a district-wide detention program. The 
city requires that revegetation practices be used on areas disturbed by city 
public work projects, though this requirement does not affect private develop­
ers. 

As previously mentioned, the City of New Braunfels does not have any 
requirements for the use of detention and/or retention facilities. The city 
has initiated a regional drainage study which will consider the use of deten­
tion and retention facilities as well as the use of erosion and sedimentation 
control measures for water quality protection. 

In addition to the cities of Dallas and Fort Worth, the North Central 
Texas Council of Governments (NCTOG) developed a stormwater management manual 
in 1984 as a guideline for local governments in the Dallas-Fort Worth area. 
Part I of the manual suggests standardized formulas and procedures for deter­
mining different flood flow characteristics. Part II identifies different 
stormwater management techniques for water quality, flood control, aesthetics 
and recreation purposes. Specific practices discussed include stormwater 
management basins, on-site storage, fertilizer management, sweeping of impervi­
ous surfaces, swales and natural drainage systems, performance zoning and 
temporary erosion control. 

The NCTOOG has worked with communities in its region to implement effec­
tive and compatible stormwater management programs. Many cities in the region 
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have adopted erosion and sedimentation control practices for public works 
projects, though NCTCOG finds that the required practices are often ignored by 
contractors. 
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4.0 FLORIDA STORMWATER MANAGEMENT PROGRAM 

4.1 METHODOLOGY 

As a comparison with the programs in Texas, information was collected on 
the stormwater management program in Florida. Sections 4.2 and 4.3 provide 
general information about the state program and about two local programs, 
respectively. 

r 4.2 STATE PROGRAM 

r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 

The State of Florida adopted its first stormwater management regulation in 
1979. The need for regulation was identified through the Section 208 Water 
Quality Management Planning Process. The first regulation was based on the 
"significance" or "insignificance" (subjective, undefined criteria) of proposed 
discharges. Because the regulation was loosely defined, the state began to 
revise the regulation in 1980. The final rule was adopted in early 1982 as 
Florida Administrative Code Chapter 17-25, Regulation of Stormwater Discharge, 
and was revised in 1984 and 1985. 

Some of the design and performance standards identified in Chapter 17-25 
which are applicable to the current EUWD study are as follows: 

0 

0 

0 

0 

0 

Detention basins shall be designed so that the treatment volume 
is available again within 72 hours following a storm event. 

Retention basins shall be designed so that the storage volume is 
available again within 72 hours following the storm event. The 
storage volume must be provided by a decrease of stored water 
caused only by percolation through soil, evaporation or 
evapotranspiration. 

Swales shall be designed to percolate 80 percent of the runoff 
from a three-year, one-half hour design storm within 72 hours 
after a storm event, assuming average antecedent conditions. 

Best management practices for erosion and sediment control shall 
be used as necessary during construction to retain sediment 
on-site. 

Stormwater discharge facilities, which receive stormwater from 
areas which are a potential source of oil and grease contamina­
tion shall include a baffle, skiliDDer, grease trap or other 
mechanism suitable for preventing oil and grease from leaving 
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the stormwater discharge facility in concentrations that would 
cause or contribute to violations of applicable water quality 
standards in the receiving waters. 

For the volumes mentioned in the first two items above, the state requires that 
the volumes be sufficient for the first one inch of rainfall or, as an option 
for projects with drainage areas less than 100 acres, the first one-half inch 
of runoff. 

The Florida Department of Environmental Regulation (DER) is responsible 
for implementing the state's stormwater management program. The DER may issue 
general permits or construction permits depending upon the nature of the 
proposed project. 

The DER may, after proper notice, delegate to either local governments or 
water management districts the authority to process notices, issue or deny 
permits, initiate enforcement actions and monitor for compliance. A water 
management district which has been delegated stormwater regulation may estab­
lish alternative requirements which protect the designated uses of waters of 
the state provided that the alternative requirements are approved by the 
Environmental Regulation Commission. A local government which has been dele­
gated stormwater management regulation may also establish alternative require­
ments provided the DER determines such alternative requirements are compatible 
with, or more stringent than, those imposed by the state regulation. 

Currently, four of the five water management districts in the state have 
received delegation of the stormwater management program. The fifth district 
has a constitutional limit on its authority to raise enough tax revenues to 
fund the management program. The DER has not yet begun delegating the 
stormwater management program to local governments. This, however, will be the 
next step in their delegation efforts. 

The Florida stormwa ter management program is relatively new and still 
being changed, as evidenced by the frequent amendments to the state regulation. 
Major issues the state has identified (Livingston, 1985) include: 

the long-term operation and maintenance of stormwater management 
systems; 

achieving field efficiencies of BMPs versus the theoretical 
efficiencies; 

design, construction and maintenance of filtration systems; 

grandfathering of existing stormwater systems; 

promotion of a piecemeal approach which relies on individual 
on-site management; and 
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lack of coordination between state, regional and local govern­
ments. 

These concerns will be the focus of DER's administrative efforts and legisla­
tive agenda. 

4.3 LOCAL PROGRAMS 

As previously mentioned, four water management districts in Florida have 
received delegation for the stormwater management program in their respective 
areas. These districts may establish alternative requirements. Two water 
management districts were surveyed in order to provide a brief summary of local 
programs. 

4.3.1 St. Johns River Water Management District 

The St. Johns River Water Management District covers a 12,400 square mile 
area (all or part of 19 counties) in northeast and east central Florida. Most 
of the population is concentrated in coastal cities. Major urban centers are 
Jacksonville, Daytona Beach, Gainesville, and a major portion of Orlando. 

The District was delegated the stormwater management program in 1983 after 
it adopted a district-wide rule for the management and storage of surface 
waters (MSSW). The MSSW rule is intended to prevent the loss of storage and 
recharge capabilities, lessen the risk of flooding and protect the conveyance 
capabilities of streams. 

The District has developed an applicant's handbook (1984) which describes 
the program's policy and procedures, criteria for evaluation and methodologies. 
The handbook also provides copies of applicable state rules and application 
forms. 

The District's program closely follows the state guidelines, requiring 
general or individual permits for certain development and construction activi­
ties. The District's thresholds, however, are more specific than the state 
guidelines. Permits are required if such activity: 

is capable of impounding a volume of water of 40 or more 
acre-feet; 

serves a project with a total land area equal to or exceeding 40 
acres; 

provides for the placement of 12 or more acres of impervious 
surface which constitutes 40 or more percent of the total land 
area; or 
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contains a surface water management system which serves an area 
of five or more contiguous acres of hydrologically sensitive 
areas. 

4.3.2 Suwannee River Water Management District 

The Suwannee River Water Management District covers a 7, 600 square mile 
area (all or part of 14 counties) in north central Florida. The District is 
predominantly rural; the greatest development pressure is on the eastern edge 
of the District where suburban Gainesville is expanding into the District. 

The District was delegated the stormwater management program in 1986 and 
has prepared a draft manual (1986) which described the District's program. 
Three types of permits are issued by the District: general permits for small 
projects, individual permits for larger projects, and conceptual permits for 
projects phased over a long time period. General permits require only staff 
review and approval, whereas individual and conceptual permits require board 
approval and public advertisement. 

The District will consider a variety of stormwater management techniques 
including retention with percolation and/or evapotranspiration, detention with 
filtration, wet detention and on-site wetlands. The District has defined four 
separate categories and corresponding volumes of water which must be treated: 

for areas with development containing hazardous or toxic materi­
als -- total retention of the 100-year critical event with zero 
discharge; 

for areas which contribute to an active sink -- the first two 
inches of rainfall; 

for areas discharging to Outstanding Florida Waters -- first one 
and one half inches of rainfall; and 

for other areas -- first one inch of rainfall. 

Under no circumstance can the volume be less than one-half inch of runoff. 
These specific criteria were modified from the state guidelines because of the 
District's concern for protecting ground-water recharge. 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 CONCLUSIONS 

There are many practices which are used to improve the quality of 
stormwater runoff. These include structural controls, non-structural controls 
such as land use planning, and source controls which are intended to improve 
runoff quality by reducing the generation and accumulation of potential 
stormwater contaminants at the source. Source control practices include 
sweeping of impervious surfaces, vegetating disturbed areas associated with 
construction activities and maintaining the structural elements of stormwater 
management systems. Significant problem areas encountered in implementing a 
comprehensive stormwater quality management program include assurances for long 
term operation and maintenance of the stormwater system, enhancement of BMP 
efficiency to achieve theoretical contaminant removals, and retrofitting the 
water quality control strategies to local governments' existing master plans. 

Other conclusions drawn from the literature survey relating to the perfor­
mance of stormwater BMPs follow: 

0 

0 

0 

0 

The effectiveness of overland flow as a stormwater quality 
control strategy is dependent on slope, vegetation and flow 
conditions. Steep slopes downhill from urban development may 
provide only minor contaminant removal due to high flow rates 
and velocities, insufficient vegetation or other peculiarities 
of the site. Continuous loadings may cause pollutant buildup 
and subsequent washoff. 

The literature suggests a relationship between impervious cover, 
runoff and increased pollutant loadings. Performance zoning, 
when based on density and impervious cover, is an attempt to 
control the generation of contaminants. However, limiting 
density could result in additional land area being developed to 
meet the demand of population increases. 

An individual BMP may not solve a stormwater quality problem 
completely. If maximum benefits are to be achieved, 
non-structural, source and structural controls should be com­
bined into a comprehensive stormwater management system. 

Sediment loads generated during construction can be, on an 
annual basis, 100 times the loads produced from established 
urban areas. A program which includes a provision for temporary 
erosion control consisting of both structural and vegetative 
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practices could be effective in preventing transport of 
construction-generated sediment. 

The application of BMPs for urban stormwater runoff quality enhancement in 
Texas is limited to the cities of Austin and San Marcos. Several cities 
require the use of retention and detention facilities, but the primary purpose 
is for flood protection. 

5.2 RECOMMENDATIONS 

Previous analysis of data by WRA (1986) indicated that there is a correla­
tion between urbanization and water quality constituent concentrations in the 
San Antonio area, though the precise relationship has not been fully deter­
mined. Continuation of the EUWD 's data collection program on East Elm, West 
Elm and Lorence Creeks and the analysis of these data may provide additional 
insight to this relationship. An analysis of hydrologic and physiographic 
characteristics of the watersheds and a unit loading analysis, as previously 
recommended, would also provide additional information upon which to develop an 
appropriate stormwater runoff management program. 

In the interim, however, developers who build on the Edwards Aquifer 
recharge zone are required to prepare a Water Pollution Abatement Plan (WPAP), 
that in addition to addressing the nature of the development and character of 
the wastewater and stormwater, must describe "the measures that will be taken 
to prevent pollution of stormwater runoff," and describe "the measures that 
will be taken to prevent pollutants from entering significant recharge areas" 
[31 TAC Section 313.3(b)(3)]. The intent of the WPAP is to ensure that a 
development uses BMPs to aid in the regulation of activities having the poten­
tial for causing pollution of the Edwards Aquifer. Guidelines, standards and 
criteria for implementation of the WPAP, however, are not stipulated~ 

In order to assist developers in accomplishing the purposes of the regula­
tions, the Edwards Underground Water District should prepare a model WPAP. The 
model WPAP could include guidelines and specifications for BMP's most appropri­
ate for the Edwards Aquifer area, and serve as a manual for developers and 
their engineers. Preparation of the guidelines and specifications could use 
information from existing Texas programs, supplemented with additional informa­
tion from other areas or ongoing research. 
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