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NOTICE

This document is disseminated under the sponsorship of the
Department of Transportation in the interest of information
exchange. The United States Government assumes no liability
for its contents or use thereof.

The contents of this report reflect the vies of the authors
who are responsible for the facts and the accuracy of the
data presented herein. The contents do not necessarily
reflect the official views or policy of the Department of
Transportation.

This report does not constitute a standard, specification,
or regulation.

The United States Government does not endorse products or
manufacturers. Trade or manufacturers' names appear herein
only because they are considered essential to the object of
this document. i
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I CONVERSION FACTORS
l U.S. Customary to SI (Metric)
Multiply
l To convert To by
inches (in.) millimeters (mm) 25.40
I ‘ inches (in.) centimeters (cm) 2.540
‘ I inches (in.) meters (m) 0.0254
feet (ft) meters (m) 0.305
l miles (miles) kilometers (km) Ts6d
y.ards (yd) meters (m) 0.91
I square inches (sq in.) square centimeters (cmz) 6.45
l square feet (sq ft) square meters (mz) 0.093
square yards (sq yd) square meters (mz) 0.836
I : acres (acre) square meters (mz) 4047
*l g square miles (sq miles) square kilometers (kmz) 2.59
& cubic inches (cu in.) cubic centimeters (cm3) 164
I 1 cubic feet (cu ft) cubic meters (m3) 0.028
| cubic feet per cubic mefers per 0.028
I second (cu/ft/sec) sec (m/sec)
cubic yards (cu yd) cubic meters (m3) 0.765
l pounds (1bs) kilograms (kg) - 0,453
' tons (ton) kilograms (kg) 907.2
pognds per square Kilonewtons per 2 69
inch (psi) square meter (KN/m%)
' gallons (gal) cubic meters (m3) 0.0038
l acre-feet (acre-ft) cubic meters (m3) 1233
gallons per minute cubjc meter§ per 0.0038
l (gal/min) minute (m”/min)
l Reference: ASTM E-380-76
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UNDERGROUND DISPOSAL OF STORM WATER RUNOFF
I. INTRODUCTION

The rapid growth of urban areas over the past few decades
created the need for construction of extensive storm drain-
age facilities. Runoff collected by the proliferating
paved streets and gutters was collected by storm sewer
systems and tonveyed directly to the nearest practical
disposal point. Over the years, however, it has become
apparent that the customary exclusive reliance on storm
sewers for surface water disposal creates a series of new
problems (1). -Among the most critical of these are the

following:

a. high peak flows in storm sewers and streams which
require larger facilities at higher costs;

b. lowering of water tables, with a-detrimenta1 effect

on existing vegetation; or salt water intrusion in

coastal areas;

o reduction in base flows in receiving streams, affecting

aquatic life;

d. excessive erosion of streams and sedimentation in lakes,
due to higher discharge velocities;

e. increased pollution of receiving streams and lakes
due to industrial fallout on roofs, fertilizers from

lawns and debris from streets and paved areas being
conveyed directly to the streams;




fa Aggravated damage from flooding due to steadily in-
Creasing amounts of runoff.

- Nature intended that this water soak back into the earth
although present practice prevents it from doing so. In

many places the water table has dropped sharply because

of insufficient recharging of the ground whereas extensive
flooding occurs downstream on a more and more frequent basis.
It is obvious that if we continue in this manner, problems
Will increase to the point where we will be faced with costly
damage of great magnitude. The obvious approach would be

to design the storm drainage systems that will facilitate
nature's process; that is, direct the storm water back

into the soil.

New concepts of storm water drainage have developed in recent
years. One such concept for disposal of storm water is
through use of underground disposal by infiltration drainage.
Although this method has not been extensively employed,

water resources planners and drainage design engineers are
now beginning to consider the infiltration drainage alterna-
tive because of the compelling advantages it affords.

The major advantages of using an infiltration system for
subsurface disposal of storm water runoff include: 1) the
replenishment of groundwater reserves where supplies are
being depleted or whereboverdraft is causing contamination
by salt-water intrusion; 2) an economical means of disposing
of runoff where conventional methods may require the use

of pumping stations or long mains to reach a suitable
discharge location; 3) reduction in flow rates by infiltra-
tion and storage where the existing outfall is inadequate to
carry peak discharges; and 4) a potential for removing
pollutants by passage of water through soil. Other benefits
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include lower costs for surface drainage systems and a
reduction in land subsidence. Surface retention prior to
infiltration also allows for oxidation of organics and BOD

reduction in storm water.

An infiltration drainage system may consist of one or several
types of installations. It may be used alone or in combina-
tion with conventional systems; serve partially as a
detention system and partially as a disposal system. It

may be comprised of an open basin; covered disposal trenches
utilizing coarse aggregate or pipe with slotted or round
perforations; shallow or deep wells; or other components
designed to infiltrate the maximum possible volume of runoff

into the soil.

The infiltration drainage concept can be incorporated into
the design of a transportation facility, commercial develop-
ment, or subdivision area in many different ways. In the
case of the former, 1ittle or no additional right-of-way
may be required. Side ditches, median areas, unused space
within interchanges, small land-locked areas, borrow areas,
and space around rest areas are all potential sites. With
imaginative planning, infiltration facilities such as the
open basins can be terraced and landscaped to offer scenic
enhancement and, in some cases, a park-like atmosphere.
These systems produce many benefits and cause no negative
effects when properly blended with the environment.

Infiltration drainage methods have been used in coastal areas
of the United States for groundwater recharge and to solve
special drainage problems. They are not limited to coastal
areas, however, but may be used in any location where suitable
soil conditions exist. Infiltration methods have been used
extensively on Long Island, in Florida, parts of Texas, and




in California. Research studies by the New York Department
of Transportation on recharge basins for highway storm
drainage have demonstrated the practicality of the method
and, through full scale testing, have validated the design
theory. A research study by the California Department of
Transportation evaluated infiltration methods in northern
California and identified important design considerations

as related to highways. Considerable success has been gained
in southern Florida with recharge concepts using infiltration
trenches. Detention-infiltration systems have also been
constructed in Canada. These types of systems may have
application in other areas.

This manual has been developed based on experience which was
derived from engineering judgment and applied theory. 1Its
purpose is to provide the information necessary to evaluate
for feasibility, as well as to plan and design, surface and
subsurface infiltration systems or combination systems that
can be incorporated into the overall drainage scheme of a
particular transportation facility, street system, or
commercial development. Basic criteria are presented

with examples cited to assist the designer in selecting

an appropriate system.

The next two chapters provide introductory and background
information on the state-of-the-art utilization of systems
for underground disposal of storm water. They provide
solutions to problems of groundwater recharge, storm water
disposal, and/or prevention of salt-water intrusion. Chapter
ITI, entitled "General Considerations", includes criteria for
the evaluation of alternative disposal systems, environmental
and legal considerations, and general guidelines for soils
exploration and investigation. Chapter IV includes specific
design guidelines to enable the designer to plan and develop



oAb iy

,_l

economical and environmentally feasible designs based on
local hydrology and soil infiltration characteristics.
Numerous design examples are used to aid the reader.

Chapter V, "Construction Methods and Precautions", and Chapter
VI, "Maintenance and Inspection", provide information on the
installation and long term performance of various infiltration

systems.

The word infiltration, is a general term used throughout
this manual to describe the flow of water into the soil.

In the discussion of trench systems for subsurface disposal
of storm water, the term exfiltration is used to describe
the process in which water flows out of the trench or pipe
conduit and into the soil.

Reference

i3 Theil, P. E., "New Methods of Storm Water Management",
Metropolitan Toronto and Region Conservation Authority,
Storm Water Management Seminar, November 1977.




II. STATE-OF-THE-ART

Background

Artificial replenishment of groundwaters by surface infiltra-
tion has been practiced for many years. As early as 1895,
flood waters of San Antonio Creek in southern California were
conserved by spreading them on the alluvial fan at the mouth
of San Antonio Canyon. After the construction of the City

of Fresno's sewerage system in 1891 and until 1907, the city
disposed of all of its wastewater on a 40-acre (161,880 m2)
tract. Over the years, Fresno has increased the size of its
"Sewer Farm", which uses some surface sprinkling and a large
number of infiltration ponds, covering some 1,440 acres

(5.8 x 106»m2) of Tand in 1972. Although some storm water
reaches the site, most of the flows are treated sewage
effluent.

Richter and Chun in 1961(1) reported that fifty-four agencies
were actively practicing artificial ground water recharge
in California, alone, in 1958. Many agencies elsewhere
artificially replenish groundwaters. Barksdale and
Debuchananne in 1946(2) describe the practice in New
Jersey; Boswell in 1954(3) discusses artificial replenish-
ment of groundwater in the London Basin; Brashears in
1946(4) provides information on artificial recharge as
practiced on Long Island, New York; Cederstrom and
Trainer(5) presented information in 1954 about groundwater
recharge in Anchorage, Alaska; Kent(6) reported in 1954

on practices in the Union of South Africa; methods used

in southwest Africa were described by Martin in 1954(7);
and Sundstrom and Hood in 1952(8) describe the results

of artificial recharge of groundwater at E1 Paso, Texas.

An annotated bibliography on artificial recharge of ground-
water through 1954 is presented in the U.S. Department
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of the Interior, Geological Survey, Water Supply Paper
1477(9). For those wishing to review the subject 1in
detail, other published reports are available.

The U.S. Department of Agriculture, in 1970(10), published

a summary of the principles of groundwater recharge hydrology
which described the more common methods used. These include:
basins, ditches or furrows, flooding, natural stream channels,
pits and shafts, and injection wells. In the research report,
"Infiltration Drainage of Highway Surface Water" {1969),
Smith, et al(11) give a summary of the principles of infiltra-
tion drainage for highway surface water, and descriptions

of the various kinds of systems with numerous references.

During the development of this manual, questionnaires were
sent to a number of agencies and engineering consulting firms
for the purpose of ascertaining to what extent infiltration
systems were being utilized throughout the nation. The
results of these inquiries are presented in Appendix A.
Although these results represent only a sampling, they seem

to indicate extensive utilization of infiltration drainage

in localized areas of the country. In other areas,

experience with infiltration procedures is almost nonexistent.
Environmental and legal restraints are frequently cited as
factors prohibiting the use of these systems. These restraints
are addressed in Chapter III-A of this manual.

The following sections provide additional state-of-the-art
information dealing with facilities constructed for sub-
surface disposal of storm water. These systems can provide
for water conservation by groundwater replenishment and/or
prevention of salt-water intrusion; or for disposal of
storm water runoff. Basins, trenches, and infiltration
well systems are discussed.




The final section of this chapter, "New Products and Methods
for Aiding Infiltration", describes recent developments that
have been beneficial to the planned infiltration of storm
water.

J 1P Infiltration Basins

Infiltration basins are of natural or excavated open
depressions of varying size in the ground surface for
storage and infiltration of storm water. Weaver in
1971(12) presented theoretical and experimental work done
by the New York State Department of Transportation to
develop a procedure for designing infiltration basins.
Weaver points out that increasing demands for fresh water
and dwindling supplies, together with the advantage of
constructing short trunk sewers leading to basins rather
than the longer sewers that would have been needed,
motivated the use of the infiltration basins on Long
Island. More than 2000 infiltration basins are now in
use on Long Island, New York.

In a discussion of artificial recharge in water resources
management, Dvoracek and Peterson, in 1971(13), point out that
maintenance requirements of infiltration basins are usually
minimal. They state that, "cleaning the sediments from pits,
trenches, and spreading basins is a relatively simple opera-
tion, possibly involving nothing more than tillage of these
areas. In extreme cases, physical removal of sediment

may be necessary." One method to partially offset the need
for maintenance in areas of extreme climatic change is to
allow the facilities to experience freeze/thaw action. Pit
recharge rates have been known to increase sixfold due to
freeze/thaw conditions during winter months. A physical
breakdown of the surface seal seems to occur, facilitating

self-maintenance.
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Infiltration basins have been used extensively for many years
in California's San Joaquin Valley in areas where immediate
discharge of storm water from roadway rights-of-way would
normally overtax the adjacent surface drainage systems or
where an outfall is not available (11). They serve as

storm water retention basins with possible infiltration
benefits. However, infiltration is generally a secondary
benefit, due to the low permeability of the clayey soils
that exist throughout the San Joaquin Valley. In most cases
it is considered a safety factor in designing the necessary
storage volume of the systems. Other similar experiences

are presented in Appendix A.

Many cities and local park districts combine plans for
infiltration basin construction with green-belt zoning.

This multi-use merging of the two facilities permits develop-
ement that is both practical and aesthetically pleasing.

An example of a typical detention-infiltration basin in a

city park is shown in Figure II-1. Details on the design

and construction of these basins can be found in subsequent
chapters of this manual. The American Public Works Association
Special Report No. 43(14) is also an excellent reference

for the location and design of detention systems in urban

areas.

2. Infiltration Trenches

Infiltration trenches may be either unsupported open cuts

with side slopes, flattened sufficient for stability; or
essentially vertical-sided trenches with concrete slab cover,
void of both backfill and drainage conduits where side

support is not necessary (Figure II-2); or trenches backfilled
with coarse aggregate and perforated pipes where side support
is necessary (Figure I1-3). Dvoracek and Peterson in 1971(13)




FIGURE II-1 TYPICAL DETENTION-INFILTRATION BASIN
IN GREEN BELT AREA (COURTESY OF
CALTRANS)

FIGURE II-2 INFILTRATION TRENCH WITH STABLE
VERTICAL SIDE WALLS IN NATIVE
MATERIAL WITH CONCRETE SLAB COVER
(MIAMI AREA) (COURTESY OF BRISTOL,
CHILDS & ASSOCIATES, CORAL GABLES,
FLORIDA)
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describe the use of unsupported open recharge trenches as

an alternative to pit recharge. "A long narrow trench, with
its bottom width less than its depth . . . is utilized rather
than the large rectangular pit. Dependent upon the infiltra-
tion characteristics of the material into which the trench
penetrates and the location of the water table, high rates

of recharge are generally expected". Infiltration trenches
have been used successfully in southern Florida under high
groundwater conditions but have required special engineering
considerations. The infiltration trench is a modification

of the infiltration basin, discussed in Section 1. Porter

in 1976(15) discusses the advantages of covered drainage
trenches for "recharge to ground" of storm water runoff.

A typical trench cross section is shown in Figure II-4,

The addition of perforated pipe to the infiltration basin
concept increases the exfiltration from the trench by more
than 100 times that of conventional "French drains" or

dry wells which are limited by cross-sectional area. It

also serves the function of collecting sediment before it

can enter the coarse rock backfill. As collected, sediments
are distributed throughout the length of the freeflow area,
and clogging is minimized. For example, the sediment-~Taden
water must flow through the cross-section of the conventional
French drain to flood the trench and gain access to the
trench wall. The perforated pipe distributes the water
immediately for its full length, providing immediate access
to the trench wall. A French drain 8 ft (2.44 m) deep and

4 ft (1.22 m) wide must exfiltrate through a 32 ft% (2.98 m°)
cross-sectional surface. An infiltration trench with 36

inch (0.915 m) diameter pipe running between inlet structures
200 ft (61 m) apart exfiltrates to the coarse backfill rock
for the full trench length through an area of md x & =

2

3.1416 x 3 ft (0.915 m) x 200 ft (61 m) = 1,885 ft° (175.3 n?).

11




FIGURE II-3 INFILTRATION TRENCH WITH PERFORATED
PIPE AND COARSE ROCK BACKFILL. NOTE
GROUNDWATER LEVEL IN EXCAVATION
(MIAMI AREA) (COURTESY OF DADE
COUNTY DEPT. OF PUBLIC WORKS,
MIAMI, FLORIDA)
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FIGURE II-4 TYPICAL CROSS-SECTION OF INFILTRATION
TRENCH (COURTESY OF DADE COUNTY DEPT.
OF PUBLIC WORKS, MIAMI, FLORIDA)
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Infiltration trenches have been used extensively in Dade
County, Florida, and in other areas of the State, as well
as in some parts of Canada, as discussed by Porter(15) and
Theil(16). A listing of performance information on
various installations is provided in Appendix B. Refer

to Section II-4 of this Chapter, "New Products and Methods
for Aiding Infiltration" for a description of perforated
pipe. Examples of these systems are also described and
illustrated in detail in other Chapters of this manual.

3. Infiltration Wells

Recharge or infiltration wells have been used for many decades
for conducting water into the ground. Perhaps the oldest

kind is the "dry well", which is a small-diameter hole or

pit dug into the ground for the disposal of water that has

no natural drainage. A dry well is usually filled with pea
gravel, coarse sand, or other aggregate; or contains a slotted
or perforated pipe, backfilled with materials which allow
water to penetrate and soak into the ground, while preventing
collapse of the walls. Frequently, a layer of filter sand

is placed in the top few inches (0.1 mt) of a well and mounded
up slightly over the well, to trap silt and other sediment
that might clog the well. The sand can be periodically,
removed and cleaned, or replaced. An enlarged version of

the dry well is the "seepage pit" used for disposal of sewage
from septic tanks. These are discussed in detail by the U.S.
Department of Health, Education, and Welfare's Public Health
Service Publication No. 526(17). In some States, seepage

pits are permitted when absorption fields are impracticable,
and/or where the top 3 or 4 feet (0.9 or 1.2 m) of soil is
underlain with porous sand or fine gravel and the subsurface
conditions are otherwise suitable for pit installations.

13




Abandoned wells, or wells specifically designed for artificial

recharge, have been used for many years to inject water into
the ground. The U.S. Department of Agriculture publication
1970(10), states: "The use of injection wells is confined
largely to areas where surface spreading is not feasible
because extensive and thick impermeable clay layers overlie
the principal waterbearing deposits. They may also be
economically used in metropolitan areas where land values
are too high to use the more common basin, flooding, and
ditch-and-furrow methods."

This publication also points out: "Many attempts to re-
charge groundwater through injection wells have been dis-
appointing. Difficulties in maintaining adequate recharge
rates have been attributed to silting, bacterial and algae
growths, air entrainment, rearrangement of soil particles,
and flocculation caused by reaction of high-sodium water
with soil particles.”

Cased, gravel-packed wells have been used for injecting good
quality water to provide a barrier to salt water intrusion.
Bruington and Seares(18) in 1965 reported "The control

of intrusion of coastal groundwater basins by sea water has

become of economic importance in groundwater basin management.

Many researchers have contributed to the body of knowledge

on flows to and from wells. Muskat(19) in 1937 developed
theories for steady-state seepage toward a single well, small
groups of wells, and infinite sets of wells in one-, two-,
and three-line arrays. His work provides the background for
many refinements in seepage theory that have been developed
in recent years. Hantush(20) (1963), Glover(21) (1966),
Leonards(22) (1962), Peterson(23) (1961), Harr(24) (1962),
and Todd(25) (1959) are just a few references on well theory.

14
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Kashef(26) in 1976 reported the results of a theoretical
study of the effect of injection into batteries of wells on
salt-water intrusion. His report presents charts that

may be useful to those managing salt-water intrusion systems

using injection wells.

Even though well theories can be useful to those designing
water injection or recharge wells, numerous practical con-
siderations ultimately determine their effectiveness. For
example, Reference(10) from the U.S. Department of
Agriculture contains the following statement, ". . . the

Los Angeles County Flood Control District in California has
successfully operated injection wells as part of a large-
scale field experiment to ascertain the feasibility of
creating and maintaining a fresh-water ridge to halt sea-
water intrusion in the Manhattan-Redondo Beach area in

Los Angeles County. In general, it has found that gravel-
packed wells operate more efficiently and require less
maintenance than non gravel-packed wells. At Manhattan
Beach, California, a 24-inch (0.61 meter) gravel-packed well
with an 8-inch (0.203 m) casing was found more desirable for
recharging purposes. On Long Island, New York, where cooling
water is returned to the ground-water basin, a minimum casing
size of 8-inches (0.203 m) and a minimum packing of 2-inches
(0.05 m) have been recommended."

The Transportation Laboratory of the California Department of
Transportation in a 1969 report(11) discussed recharge or
"drainage" wells as follows: "Drainage wells are basically
water supply wells operating in reverse, although, in practice,
they have many unique features and problems. There are also
several types, ranging from simple gravel-filled shafts to
highly sophisticated pump injection wells. Like basins, they
have both good and bad features. Wells require a minimum of

15




space and may be designed with very little unsightly surface
structure. They can be extended through impervious soils
down to permeable sand or gravel, and will drain a small
area fairly rapidly when surface runoff is of satisfactory
quality.

"Unfortunately, wells clog up very easily when the water con-
tains silt or sediment, and cleaning or restoration can be
difficult. Drainage wells are readily capable of polluting
groundwater supplies and health departments have strict
regulations regarding them. Capacity for drainage is diffi-
cult to predict: one well may have a good rate of infiltra-
tion, while another 50 feet (15.3 m) away will drain very
poorly. The cost of well construction and maintenance makes
well drainage a fairly expensive method of disposal. Basins
are much more economical in terms of cost per unit volume of
water drained. Normally, a drain well should be considered
for disposal of small quantities of water, or as a supplement
to recharge basins or some other type of disposal system."

The City of Modesto, California, with an average annual rain-
fall of 12 inches (305 mm), makes extensive use of drain or
rock wells to serve seventy percent of the city area. Their
experience with over 6,500 individual installations has
varied. Some wells, considered as marginal, have resulted

in ponding on streets following severe rainstorms. These
facilities have required continuing maintenance. Figure

IT-5 shows a typical cross-section of the standard "rock well"
used in the City of Modesto for street drainage.

16
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FIGURE II-5 CROSS-SECTION OF STANDARD ROCK WELL
(DRAIN WELL) INSTALLATION FOR STREET
DRAINAGE (COURTESY OF MODESTO, CALIF.
DEPT. OF PUBLIC WORKS)

Infiltration wells or "diffusion" wells, as used by the
New York Department of Transportation on Long Island are
large, often very deep, concrete-lined pits. Weaver(12)
states: "As used by this Department on Long Island, these
have customarily been large vertical shafts constructed of
reinforced concrete precast sections. The sections are
6-feet (1.8 m) high with a 16-inch (0.406 m) wall and an

17




inner diameter of 10 to 16 feet (3.1 to 4.9 m). A diffusion
(infiltration) well is constructed in the same manner as a
drop shaft or open caisson. The shell sinks under its own
weight as the soil at the bottom is excavated, and addi-
tional sections are added from the surface. By means of
rectangular openings through the wall, each 10-foot (3.1 m)
inside diameter section provides approximately 9.1 square
feet (0.85 m2) of effective lateral drainage area. When the
shaft is completed, a heavy reinforced concrete cover is
placed over the top. The cover contains an open grating about
8 square feet (0.74 m2) in size. Over the cover at the floor
of the basin, a graded filter is placed to prevent silt from
entering the well." Weaver points out that most of these
wells have been carried at least 6 feet (1.83 m) below the
water table and often to depths between 100 and 200 feet
(30.5 to 61 m). He indicates these shafts or wells have

most often been used as a remedial measure to correct the
results of inadequate design and/or inadequate maintenance

of existing infiltration basins. Because of their high cost,
there is a question as to whether this type of recharge

well is justified on the basis of hydraulic conductivity.
Weaver emphasizes that his department makes use of seepage
analyses methods to estimate their inflow capacities even
though the "design of a diffusion well is a multi-component,
highly complex task." He also states: "Owing to their high
cost and Tow efficiency, they are the least desirable method
of disposing of highway drainage. Also, because of their

lTow efficiency, a rather large infiltration basin is necessary
merely to hold the storm inflow for eventual disposal by the
diffusion well, so that wells are not alternates to .basins--

they are an extra cost added to the basin cost."

Various patented dry well systems are available for subsur-
face disposal of stormwater. These systems are very similar
to those previously discussed.

18
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4, New Products and Methods for Aiding Infiltration

a. Synthetic Filter Fabrics

Many kinds of engineering and agricultural drainage systems
make use of graded filters or multiple-layer drains for the
safe removal of water from soil formations. When aggregates
are used, their gradations are usually established with the
well-known "Terzaghi" or "Bertram" filter criteria. These
are discussed in Chapter IV-C, "Design of Storm Water
Collection and Disposal Systems." Good quality mineral
aggregates are virtually indestructible, and until recently

have been economical and available in many geographical
locations. However, as the supplies of dependable aggregates
has diminished and the cost of placing more than one kind

of aggregate (in trenches, for example) has increased, there
has been an impetus to make use of the synthetic fabrics
either to act as separators to keep fine erodible soils out
of porous drains, or to work as filters to allow free flow

of water while preventing the movement of the erodible soils.
Barrett(27) (1966), Calhoun(28) (1972), Dunham and
Barrett(29) (1974), the U.S. Army(30) (1975), Carrol1(31,32)
(1975, 1976), Rosen and Marks(33) (1975), Seemel(34) (1976),
and many others worked with fabrics and developed standards
and specifications for their use.

Polyvinylidene chloride, polypropylene, and other synthetic
resins used in making filter fabrics are inert materials
not subject to rot, mildew, or insect and rodent attack.
They are, however, very sensitive to long term exposure

to ultraviolet components of sunlight. Also, some are
affected by alkalies, acidic material, components of
asphalt, or fuel oils. If a fabric is substituted for

19




an aggregate filter, care should be taken to prevent
tearing or puncture of the fabric. Adjacent sheets

should be overlapped and secured to prevent openings
from developing.

To insure the required performance for the 1ife expectancy
of the project, synthetic fabrics (either woven or non-
woven) for infiltration systems or any other long-term
application, must be carefully selected, based on the
properties required. As with aggregate filters, fabric
filters must provide two very important functions: (1) they
must be able to prevent clogging of the drain by erodible
soil or other material, which could also result in erosion,
piping, or other problems with the facility being protected;
and (2), they must not inhibit the free flow of water. In
situations where the fabrics work only as separators, and
there is no significant flow of water, they need only
satisfy the first requirement.

b. Precast Concrete or Formed-in-Place
Perforated Slabs

The current emphasis on storm water management has resulted
in new drainage concepts aimed at reducing the flow of

storm water from developed areas. Smith(35) in 1974 described
the use of porous precast paving slabs with perforations as
a means to induce water to soak in and not flow off large
parking areas, while these areas support grass in keeping
with the "green belt" concept. This concept involves the
use of proprietary formers and patented processes to produce
reinforced concrete with holes that allow water to soak in
and grass to grow. These materials produce grassy looking
parking areas that are self draining, mud-free, and
attractive in appearance. In essence they produce a
lToad-bearing lawn which can absorb a good deal of rain
thereby reducing su' face runoff.
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Ci Porous Pavements

Porous pavements have been suggested in recent years to
recharge groundwater supplies and reduce storm water run-
off(§§,§13§§). These pavements allow storm water to
infiltrate through the pavement surface and be stored in
the structural section for eventual percolation through
the underlying native soil. This idea may have merit for
parking lots but is not recommended for pavements that
are subjected to large numbers of repetitions of heavy

wheel loads which could increase replacement and maintenance

costs.

Porous pavements are designed based on the load-bearing
capacity of ‘a saturated subgrade for an expected number
of wheel load repetitions. The porous structural section
is designed with sufficient reservoir capacity to handle
the design rainfall. To function properly and provide
vertical drainage, the native subgrade soil should have
high permeability. Figure II-6 illustrates a structural
section for a typical porous asphalt concrete parking lot
pavement. The pavement provides storage for 4.20 inches
(107 mm) of rainfall assuming 15 percent voids in the
surfacing and 30 percent voids in the aggregate base.
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FIGURE II-6 TYPICAL POROUS ASPHALT CONCRETE
PARKING LOT PAVEMENT [AFTER (36)]

For design of pavements refer to the Design Manuals of
the Asphalt Institute, Cement and Concrete Association
or other references on the subject.
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ds Perforated or Slotted Pipe

The Corrugated Steel Pipe Institute "Drainage Technology
Newsletter", November, 1976(15), describes a new type of
fully perforated pipe for use in trench drains of the

kind used by Dade County, Florida, for temporary storage
and subsurface disposal of storm water. Pipes manufactured
of aluminum, concrete, and other materials are also
available for this application.

For perforated corrugated metal pipes [CMP 3/8 inch (9.5 mm)]
diameter perforations uniformly spaced around the full
periphery of a pipe are desirable. Not less than 30
perforations per square foot (0.093 mz) of pipe surface
should be provided. Perforations not less than 5/16 inch
(8.0 mm) in diameter or slots can be used if they provide
an opening area not less than 3.31 square inches (2135 mm
per square foot (0.093 m2) of pipe surface. The photo in

Figure II-7 shows the inside of a metal bipe with perfor-

2)

ations around the full periphery..

The liberal number of holes are to insure free and rapid
flow in and out of the pipe. The purpose of the large-
sized pipes is to add to the total storage volume for
storm water and to reduce the quantity of expensive rock
backfill.

Coarse gravel or other aggregate is used for backfilling

the trench around, below, and above the pipe so that part

of the storm water is temporarily stored in the voids of

the backfill. The photo in Figure II-8 shows the typical
coarse rock used for infiltration trench backfill. Experiments
made by the Dade County Department of Public Works have
indicated that 3/4 inch x 1 1/2 inch (19 mm x 38 mm).coarse
gravel backfill with pipe systems having 3.31 square inches

per square foot (23 x 103 mmz/mz) of perforations will
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FIGURE II-7

FIGURE II-8

TYPICAL PERFORATED PIPE FOR
INFILTRATION TRENCH CONSTRUCTION
(COURTESY OF SYRACUSE TANK &

MANUFACTURING CO., WEST PALM BEACH,
FLORIDA)

TYPICAL COARSE ROCK FOR INFILTRATION
TRENCH BACKFILL (COURTESY OF DADE
COUNTY DEPT. OF PUBLIC WORKS,

MIAMI, FLORIDA)
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provide pipe exfiltration rates which exceed the best infil-
tration rates of soils normally encountered in the field.
Refer to Appendix C for information on experimental develop-
ment tests by Dade County.

In addition to utilizing fully perforated CHMP, the Florida
Department of Transportation has utilized slotted concrete
pipe on several south Florida installations. Pipe meeting
the general requirements of ASTM C-76 is modified to

provide 3/8 inch (9.5 mm) wide slots. The slots are

either saw cut after casting or formed in the fresh concrete
during casting. The slots are either centered about the
springline and staggered on both sides of the pipe barrel

by saw cuts (Alternate A) or cast above and below the
springline (Alternate B). No significant reduction in
strength has been observed using the standardized details
shown in Figure II-9. The design provides sufficient pipe
exfiltration rates. Additional slots could be provided

when soils with extremely high infiltration rates are en-
countered. Pipe diameters between 18 inches (0.458 m)

and 48 inches (1.22 m) have been used, depending on flow

and storage requirements. Although the installations have
not been test verified, one 48 inch (1.22 m) diameter slotted
concrete pipe in a coarse rock trench in a high permeable
clean sand apparently exfiltrated runoff from a severe

storm without significant discharge from the positive relief
drain. The storm deposited approximately 11 inches (0.28 m)
of rainfall within a 10 hour period. Controlled field tests
using pipe with precast slots have recently verified the
performance of this alternate slot detail.
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Determining the size of pipe and trench heeded requires

an estimate of the surface runoff and a storage volume
sufficient to retain this amount of water until it can

seep into the adjacent soil, or be released to a conventional
storm sewer. The final quantity would be reduced by any
detention-exfiltration into the soil that might occur during
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that interval. Infiltration systems can also be incorporated
as part of a positive outfall or combination system to
exfiltrate storm water as needed to recharge ground water at
various locations along the alignment. Flow can be confined
to the conventional storm drain system in areas of the align-
ment where recharge is restricted by local ordinance. The
design of these and other types of subsurface storm water
disposal/detention systems are discussed in detail in Chapter

IV-C.
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ITI. GENERAL CONSIDERATIONS

Preliminary Information

The disposal of storm water by infiltration can provide a
practical and attractive alternative to the more conventional
and often costlier storm water conveyance systems. Recent
legislative mandates lend impetus to consideration of this
alternative. The imposition of requirements for zero dis-
charge (zero increase of runoff) within urban areas coupled
with regulations on land developments provides an increased
emphasis on the infiltration alternative for disposition

of storm water.

Infiltration systems provide the designer an additional
degree of flexibility in the development of new facilities
that avoid additional flow to existing storm drains, or
streams and rivers. These systems afford a dual potential
in that they are often less costly than conventional systems
and they serve to replenish depleted groundwater supplies
and increase groundwater levels, preventing undesirable
intrusion into aquifers. However, the legal and environ-
mental regulations and soil conditions should be investi-
gated for a particular locality before designing a given
system. Governmental agencies should be consulted con-
cerning the amount of aquifer clearance required.

Important sources for information to be considered when
determining the feasibility of a particular system are:

° environmental and legal constraints (Chapter III-A)
° groundwater data (Chapter III-A)

° Tlocal Soil Conservation Service (SCS) maps (Chapter III-B)
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° aerial photos (Chapter III-B)

° spil boring logs (Chapter III-B)

° soil properties data (Chapter III-B)
° rainfall data (Chapter IV-B)

A good source of information is the U.S. Geological Survey-
operated National Water Data Exchange (NAWDEX), a coopera-
tive clearing house for water data, including groundwater
quality information. NAWDEX assists users of water data to
identify, locate, and acquire needed data. Refer to "Status
of the National Water Data Exchange (NAWDEX) - September 1977"
by M. D. Edwards, U.S. Geological Survey Open-File Report

78-154, 1978.

The following sub-chapters of this manual (I11-A, B and C)
provide guidelines for selection and evaluation of alternate

storm water disposal systems.
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A. ENVIRONMENTAL AND LEGAL CONSIDERATIONS

e Introduction

This section discusses the various environmental and legal
constraints that should be given consideration in planning
and designing underground disposal systems for storm water
runoff.

Studies sponsored by the U.S. Environmental Protection
Agency, Federal Highway Administration, U.S. Geological
Survey, and others, have identified constituents of paved
roadways and parking facilities in runoff waters. Assess-
ment of the impact of runoff-conyeyed pollutants on
receiving waters is continuing(1,2,3,4). Few studies are
concentrated on the impact of pollutants in roadway run-
off on the groundwater system. Perspective on the possible
environmental aspects of subsurface disposal of storm water
runoff can be gained from information available on the

Tand treatment of municipal wastewater. Design guide-
lines for the use of these systems are defined in detail

in the "Process Design Manual for Land Treatment of
Municipal Wastewater", published jointly by the U.S.
Environmental Protection Agency, U.S. Army Corps of
Engineers, and U.S. Department of Agriculture(5). In

the cover Tetter to that manual, Jorling and Graves make
the following very meaningful statement.

"Wastewater treatment is a problem that has plagued

man ever since he discovered that discharging his
wastes into surface waters can lead to many additional
environmental problems. Today, a wide variety of
treatment technologies are available for use in our
efforts to restore and maintain the chemical, physical,
and biological integrity of the hation's waters.
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"Land treatment systems involve the use of plants and

the soil to remove previously unwanted contaminants

from wastewaters. Land treatment is capable of

achieving removal levels comparable to the best

available advanced wastewater treatment technologies
while achieving additional benefits. The recovery and
beneficial reuse of wastewater and its nutrient resources
through crop production, as well as wastewater treatment
and reclamation, allow land treatment systems to accomplish
far more than conventional treatment and discharge
alternatives. '

“Land treatment processes should be preferentially
considered as an alternative wastewater management
technology. While it is recognized that acceptance is
not universal, the utilization of land treatment systems
has the potential for saving billions of dollars. This
will benefit not only the nationwide water pollution
control program, but will also provide an additional
mechanism for the recovery and recycling of wastewater
as a resource."

Land treatment of wastewater can provide an alternative

to discharge of conventionally treated wastewater. However,
careful consideration of any adverse impact of percolated
wastewater on the quality of the groundwater is an essential
prerequisite for all such projects. It has been demonstrated
in numerous reported case histories(5) that a system of
disposal which includes filtration through soil can be
successful,
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The response to a questionnaire circulated for the purpose
of eliciting state-of-the-art information for this manual
suggests reasons why these systems have not had widespread
use. It was indicated that many agencies refrain from using
infiltration or subsurface methods for the disposal of storm
water to avoid possible adverse impact on groundwater. /On
the other hand, emphasis is being given in many areas to
reduction or elimination of discharge of storm water into
surface waters to avert possible pollution, particularly the
initial half-inch (13 mm) of runoff, which comprises the
"first flush" and carries the highest concentration of surface
pollutants(6). This quantity of runoff, however, may vary
depending upon development of new information and should not
be specified arbitrarily since runoff in excess of one-half
inch (13 mm) may be required to "flush off" surface
pollutants. Subsurface disposal provides an alternative
method of handling these storm water contaminants.

Like land treatment of wastewater, subsurface disposal of
storm water is an attractive, cost-effective alternative

to conventional discharge into surface waters. Considera-
tion of the impact of subsurface disposal of infiltrated
storm water on the quality of the groundwater is essential.
The quality of groundwater should be determined and compared
to established standards for its current or intended use

and monitored for change in quality with time.

Proposed U.S. Environmental Protection Agency Proposed (EPA)
requirements in the Federal Register, dated April 20, 1979(7),
establish the technical criteria and standards to be used in
implementing underground injection control programs within
individual states. The proposed requirements prevent the

use of systems that endanger underground drinking water

36



sources. These regulations establish programs which pro-
hibit any underground injection by either gravity or
pressure injection not authorized by State permit. However,
some general State rules are allowed without case-by-case
permits. "Well injection”, as defined under these proposed
requirements, is "subsurface emplacement of fluids through

a bored, drilled, or driven well; or through a dug well
where the depth is greater than the largest surface
dimension and a principal function of the well is the

subsurface emplacement of fluids".

These systems @re classified under the proposed requirements
as Type V wells which includes storm water disposed wells,
salt-water intrusion barrier wells, and subsidence control
wells. Underground sources of drinking water as defined

by EPA include, "ATll aquifers or their portions which are
\
\
\

currently providing drinking water and, as a general rule,
all aquifers or their portions with fewer than 10,000 parts
per million of total dissolved solids [ppm or mg/1 of TDS]".

fraamp)
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i

Before any system is developed for infiltrating water oOr
making any other change in natural runoff, designers should
also make sure that the system will not create legal Tiabil-
ities for the owners. Legal problems cannot always be
averted, but developers should be aware of the water lTaws
and codes of practice of their locality.

25 Environmental Considerations of Runoff Waters

The principal motivation for elimination of storm sewer
discharge into surface waters stems from concern over the
impact on public health and the aquatic ecosystem. As
combined sanitary-storm sewer systems have been identified
and direct discharges reduced, attention has focused on

the quality of storm water.
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Under Section 208 of Public Law 92-500 (Water Pollution
Control Act Amendments of 1972) states are developing

areawide water quality management plans to identify and
mitigate both point and non-point sources of water pollution.
Non-point sources of pollution include land development
activities, construction, mining, logging, agricultural

and silvicultural activities. The nature of the Tand surfaces
over which storm waters flow, i.e., the use to which they

are subjected, is widely recognized as one of the key

factors of the quality of storm water(8).

Various approaches to the evaluation of storm water quality
and its potential impacts are being considered in the
development of the 208 plans. Valuable information should
be gained by this effort and consideration of subsurface
disposal of storm water will undcubtedly be addressed in the
various study plans.

As the permit process for discharge of storm water to surface
water becomes more stringent in response to Section 208
evaluations, the subsurface disposal of storm water will
attract attention as a possible disposal alternative.

The general references for groundwater quality are drink-

ing water standards since many near-surface or water table
aquifers constitute the main source of public water supplies.
For areas affected by salt-water intrusion or locations

with naturally poor-quality groundwater, disposal of poor
quality surficial storm water is not a serious concern.

The EPA proposed drinking water standards are listed in

Table III-A-1.
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TABLE III-A-1 EPA-PROPOSED REGULATIONS ON
INTERIM PRIMARY DRINKING
WATER STANDARDS, 1975(9)

Constituent Reason
Characteristic Value for Standard
Physical

Turbidity, units 18 Aesthetic

Chemical, mg/L

Arsenic 0.05 Health
Barium 140 Health
Cadmium 0.01 Health
Chromium 0.05 b Health
Fluoride 1.4-2.4 Health

. Lead 0.05 Health
Mercury 0.002 Health
Nitrates as N 10 Health
Selenium 0.01 Health
Silver 0.05 Cosmetic

Bacteriological

Total coliform,
per 100 m& 1 Disease

Pesticides, mg/L

Endrin 0.0002 Health
Lindane 0.004 Health
Methoxychlor 0.1 Health
Toxaphene 0.005 Health
2,4-D , 0.1 Health
2,4,5-TP 0.01 Health

The latest revision to the constituents and concentration
should be used.

@ Five mg/L of suspended solids may be substituted if
it can be demonstrated that it does not interfere with

disinfection.

b Dependent on temperature; higher limits for Tower
temperatures.
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If groundwater contaminants are substantially higher in the
area of concern than any of the current Tisted standards
for drinking water quality, future use as a public water
supply is doubtful and the subsurface disposal permit process
should be greatly simplified.

Most State Health Departments prohibit direct discharge of
storm water runoff into underground aquifers. Recharge
systems are not utilized in some states because these
requirements place restrictions on storm water infiltration
systems. Water pollution Taw in Ohio, for example, can
charge offenders with polTuting groundwater but those
charges must be made and proven in a court of Taw(10).

Some northern states use Targe quantities of road de-icing
salts during winter months. These states have tended to
refrain from use of storm water recharge systems fearing
possible contamination of groundwater. To prevent ground-
water pollution, some agencies in California reqdire a
10-foot (3.1 m) aquifer clearance for infiltration well
construction(11). Infiltration wells are readily capable
of polluting groundwater supplies and local regulatory
agencies should be consulted concerning the amount of
aquifer clearance required for a specific project.

Guidelines are not currently available for aquifer separa-
tion distance for infiltration of storm water. However,
there are guidelines for sewage effluent from septic tank
lTeach fields. The graphs in Figure III-A-1 suggest the
purification mechanism of soil in terms of distance that
effluent must move through various soils for complete removal
of bacteria. These graphs indicate that bacteria removal

is a function of particle size and groundwater location with
reference to filter media. These graphs have been used for
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several years by the State of California for assessing the
soil media below dry wells, septic tanks, and leach fields
and are based on research conducted by Colorado State
University(12,13,14). The graphs are provided in this
manual as a guide for establishing separation distances
between the bottom elevation of infiltration systems and
groundwater level. However, the condition of the storm
water entering an infiltration system will probably require
less filter media thickness in most cases. Questionable
installations should be monitored to identify changes 1in

groundwater quality as discussed herein.
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a. Groundwater Quality Processes

Chemical analyses of water commonly report constituent
concentrations as "total". This designation implies that
nitrogen for example, is a total of dissolved and particulate
phases. The principle dissolved nitrogen species are
ammonia, soluble organic nitrogen, nitrite, and nitrate.

The particulate phase can be either adsorbed nitrogen,
organic matter containing nitrogen, or insoluble mineralogic
phases with nitrogen in the lattice.

The particulate phases of the various elements are also
represented in the suspended sediments. The distinction is
sometimes important as soils and interstitial areas of some
aquifers can filter out particulate or suspended solids
thereby reducing the impact of the various pollutants on

the groundwater. This is Particularly important in the case
of bacteria.

The natural filtration of runoff water by the soil removes
most harmful substances before they can reach the water-
bearing aquifer. Nearly all pathogenic bacteria and many
chemicals are filtered within 3 to 10 feet (0.9 to 3.1 m)
during vertical percolation, and within 50 to 200 feet
(15.3 to 61 m) of lateral water movement in some soijl
formations(15).

Tests made by the U.S. Department of Agriculture for the
Fresno Metropolitan Flood Control District, indicated heavy
metals such as lead, zinc, and copper present in the upper
few centimeters of storm water infiltration basin floors.
Generally after 10 to 15 years of storm water collection,
this layer may require removal or other treatment where

a build-up of concentrations of these elements has
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occurred. The particular locations tested by the U.S.
Department of Agriculture had soils with a relatively high
clay content(10). Layers of fine sands, silts, and other
moderately permeable soils also very definitely improve the
quality of storm water. This concept underlies the practice
of disposing of domestic sewage in septic tanks with Teach
lines or pits and the Tand disposal techniques.

One of the major traffic-related contaminants is lead.
Although lead is primarily emitted as particulate matter,

it is fairly soluble. Lead in its ionic form, tends to
precipitate in the soil as lead sulfate and remains relatively
immobile due to Tow solubility(16). Lead can also be tied

up by soil microofganisms, precipitate with other anions,

jon exchange with clay minerals, or be absorbed by organic

matter or uptake by plants. Once ionic lead reaches the

groundwater table by precipitation, ion exchange, or adsorp-
tion the available lead can still be reduced. Surface and

groundwater quality samples collected near a major highway

interchange in Miami, Florida, revealed that lead concentra-

tions were very Tow(17). The interaction of lead with the

high bicarbonate 1in this particular location probably caused

precipitation in the surface water borrow pond near the
highway. Lead concentrations in the bottom sediments of

these ponds were found to be relatively high.

If impure water is allowed to enter directly into coarse
gravel or open joints in rocks, the impurities may enter
into and contaminate adjacent groundwaters. Sites that
are underlain with highly permeable strata or cracked

and jointed rocks have the best capabilities for rapid
disposal of surface waters. Unless adequate arrangements
are made to treat contaminated water, or to filter
impurities, infiltration systems may degrade the ground=-
water quality. Faults and intrusions, should always
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be evaluated for their effect on groundwater occurrence,
influence on quality, and direction of movement. If the
underlying rock strata is fractured or crevassed Tike
limestone, storm water may be diverted directly to the
groundwater, thereby receiving less treatment than per-
colation through soil layers.

Breeding and Dawson(18) describe a system of 127 recharge
wells used by the City of Roanoke, Virginia, to dispose of
storm runoff from newly developing industrial and
residential areas. Several] major faults exist in the
underlying bedrock. These faults play a significant role
in the effectiveness of the drainage wells, and also in
the movement of groundwater. The authors also indicate
that these direct conduits to groundwater have caused
quality degradation in oneé area; however, "groundwater
users in adjacent Roanoke County have not experienced
quality problems that could be connected to this means

of storm water disposal."

The case cited illustrates the possibility of groundwater
contamination in areas where fractured and highly permeable
rock layers exist, providing conduits for widespread
movement of contaminants. It is, therefore, important

in the planning stages of a large subsurface storm water
disposal project to identify the underlying soil strata in
terms of qts hydraulic, physical, and chemical characteristics.
Pertinent physical characteristics include: texture,
structure, and soi] depth. Important hydraulic character-
istics are: infiltration rate and permeability. Chemica]
characteristics that may be important include pH, cation-

exchange capacity, organic content, and the absorption
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and filtration capabilities for various inorganic ions.

If detailed groundwater quality analyses are available,

it is possible to compute the solution-mineral equilib-
rium(19). This approach does not guarantee that an
anticipated chemical reaction will occur but does indicate
how many ionic species should behave.

The items referring to physical and hydraulic character-
istics are addressed to some extent in other chapters of
this manual. Further discussion of the chemical character-
istics of soils is beyond the scope of this manual.
Definitive information on this subject can be obtained by
consulting appropriate references, i.e., Grim(20), or other
references on the subject. The importance of proper
identification of the hydraulic characteristics of the rock
strata has been illustrated above.

b. Groundwater Monitoring

Environmental laws and regulations now in force require

monitoring groundwater where adverse effects to its quality

pind

may result from disposal and storage of solid and liquid
wastes(21). Monitoring systems have not as yet been
required for groundwater recharge utilizing storm water.
However, consideration of such monitoring systems should

be incorporated in the design of subsurface drainage systems
that discharge storm water directly into groundwater.

Proposed EPA requirements for Type V wells (gravity or
injection), which discharge directly into surficial aquifers,
call for immediate action with respect to injection that
poses a significant risk to human health. An assessment

is required of the contamination potential, available
corrective alternatives, and their environmental and
economical consequences(7).
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When properly installed, a groundwater monitoring system
should provide sufficient data for determining the extent

of contamination buildup with time, as well as concentration
and distribution of the contaminants.

Geologic analysis of the area can provide vital information
for developing the monitoring system. Factors to be
considered include: depth and type of subsurface soils,
depth to bedrock, relative permeabilities, depth to ground-
water, and relative groundwater gradients. Proper layout

of monitoring wells cannot be accomplished. until information
relative to such factors has been obtained and evaluated.
Wells must be sufficiently close to the potential source of

contamination to detect any degradation of groundwater qua11ty

at an early stage. Where monitoring wells are used as an
early warning system, it is imperative that the preproject
quality of on-site groundwaters be established, and, there-
after employed as a standard for comparison with groundwater
samples taken subsequent to initiation of the proposed
subsurface drainage system. Sufficient samples of ground-
water should be obtained over a time period adequate to
establish the "ambient" groundwater conditions prior to
storm water disposal. The number and location of monitor-
ing wells will be governed by the magnitude of the project
and careful consideration of information developed by the
aforementioned site geology analysis.

An appropriate monitoring well should be so designed as

to provide the quantity and quality of sample required

at the lowest cost. Small diameter (1 1/2 inch [38 mm])
PVC riser pipe, with either plastic well screens or slotted
plastic pipe, will usually prove adequate in developing a
sampling well. Slotted pipe is the least expensive and
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most convenient material for developing a suitable well
screen(21). Materials used in the construction of the
sampling well should be chosen so that they do not
influence the characteristics of the sample.

To prevent the migration of fines into the sampling well,
all well screens or slotted sections should be installed
with a backfill of clean filter sand. Precautions should
be taken to prevent the migration of fines into the wells.
The top portion of the well pipe should be backfilled with
concrete or cement grout to provide a seal which prevents
contamination by surface waters. The well] seal should
comply with State and local requirements.

A shallow well groundwater quality monitoring system has
been developed in southern Florida which will be installed
routinely as a contract item on infiltration trench
projects in Dade County. Details of this system are

similar to the cross-section and pPlan shown on Figures
III-A-2 and III-A-3.

3 Legal Considerations

a. Introduction

Before any system is developed for infiltering water or
making any other change in natural runoff,»designers should
make sure that the system will not create lTegal liabilities
for the owners. Major construction projects can change the
natural runoff patterns, reducing flows in some areas and
increasing it in others. Areas that had no known record of
flooding before the construction of a major work may
subsequently develop drainage problems. Often the increased
discharges can be attributed to "improvement" of the natural
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delivery system, rather than diversions. In other areas,
farmers or others who have depended on natural flows in
streams for their livestock or crop production, see the
available supplies sharply reduced. In semi-arid areas,
the construction of detention ponds, seepage pits or wells,
catch basins, reservoirs, etc., for "water harvesting" has
reduced the flows to downstream landowners. Such changes
can lead to litigation. Legal problems cannot all be
averted. Developers of systems should contact appropriate
local or state agencies regarding compliance with laws

or local codes of practice.

Drainage of surplus storm water from changing land use and
development may cause increased erosion with resultant
pollution in natural waterways. Relatively new political
constraints have been imposed because of this and burgeoning
public sensitivity to further environmental degradation.
Levels for various constituent concentrations in discharge
or receiving waters may be specified in permits to maintain
water quality objectives. Legislation specifying zero
discharge and zero increase in discharge has been enacted
in some cases without provision for exceptions, despite
their merits, environmental or otherwise.

Zero increase in discharge may be a difficult legal concept.
It attempts to recognize the need for runoff and provide

for engineering flexibility. However, legal problems

will arise from interpretation of runoff coefficients.

A coefficient by definition is a ratio or, as commonly
expressed, a percentage figure. Even in a natural water-
shed, with excellent rainfall and runoff (discharge) records,
the runoff coefficient has been shown to vary with the
rainfall frequency, rainfall intensity or rate, period of
antecedent dry conditions (soil moisture content), and
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the seasonally dependent vegetation. When comparing
areas, the infiltration rate (percolation) of the soils,
the size of the area, the degree of imperviousness (roads
and roofs, etc.), the slope, and vegetation type, become
important. It would be difficult to anticipate a runoff
coefficient with a high degree of confidence for an area
that is to be altered with respect to these variables.

b. Water Rights

When subsurface drainage systems are to be employed,
consideration must be given to their effect on water rights
downstream, or senior claims to the water, as the source of
flow will be diminished when the runoff is diverted from its
normal or historic drainage channel(22). If the concept of
"zero" increase in runoff is pursued, no interference in
downstream rights would be anticipated.

The Process Design Manual for Land Treatment of Municipal
Wastewater(5) points out that water rights problems tend
to arise in either water-deficient areas or those areas
fully allocated.

Most riparian (land ownership) rights are in effect east
of the Mississippi River, while most appropriation (permit
system) rights are in effect west of the Mississippi River.

Legal distinctions are made between discharges to a
receiving water in a well-defined channel or basin
(natural watercourse), superficial waters not in a channel
or basin (surface waters), and underground waters not in

a well-defined channel or basin (percolating or ground-
waters) (23).

50



.
¥
&.
El,‘
B
¥

amnr ey

Transportation-related aspects of water rights are discussed
in "AASHTO Guidelines for the Legal Aspect of Highway
Drainage"(24).

Possible water rights problems related to complex drainage
systems may require consultation with water masters or
water rights engineers at the State or local level. An
excellent reference is the National Water Commission
publication, "A Summary-Digest of State Water Laws" (25).
Similar case histories can be found 1in references (22,23,
24,25). The assistance of an attorney versed in water

law is often helpful.

4. Summary and Conclusions

a. Since the character and concentration of pollutants
generated from paved surfaces vary considerably depending
upon the type of development, location, population, and
dilution by storm water runoff, no attempt is made in
this manual to define these constituents and evaluate
their effects on the environment. Various studies are
underway at the present time which address this problem.

b. Land treatment of storm water by infiltration through
soil is capable of removing pollutants at Tevels comparable
to the best available advanced wastewater treatment
technologies. This capability will vary with the hydraulic,
physical, and chemical characteristics of the receiving

soil strata and the character and concentration of the
pollutants carried by the storm water.

G A monitoring program may be required to determine the

quality of groundwater and compare it to established
standards for current or intended use, and to evaluate any

51




o A A A M VW 55 W 48 NP Vst o

potential for degradation with time. It is, therefore,

advisable to consult state and local regulatory agencies
in regard to environmental and Tegal questions relative

to subsurface disposal systems for storm water,
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