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CONVERSION FACTORS

U.S. Custom

To convert
(in.)

inches (in.)

inches

inches (in.)

feet (ft)

miles (miles)

yards (yd)

square inches (sq in.)
square feet (sq ft)
square yards (sq yd)
acres (acre)

square miles (sq miles)
cubic inches (cu in.)
cubic feet (cu ft)

cubic feet per
second (cu/fit/sec)

cubic yardss{cu yd)
pounds ~1b%s)
tons“ . (ton)

pounds pen ‘square
ifnch (psi)

gallonsZ{gal)
acre-feet (acre-ft)
gallons per minute

(gal/min)

Reference: ASTM E-380-76

ary to SI (Metric)

Multiply

To by
millimeters (mm) 25.40
centimeters (cm) 2.540
meters (m) 04D254
meters (m) 0. 305
kilometers (km) 1.67
meters (m) 091
squaxre centimeters (cm2) 6.45
squdre meters (mz) 0.093
square qmeters (m2 0.836
square“meters (m2) 4047
square kilemeters (ka) 2.59
cubic (centimeters (cm3) 16.4
cubicemeters (m3) 0.028
cubic mefers per 0.028

sec (mY/sec)
cubic meters (m3) 0.765
kilograms (kg) 0.453
kilTograms (kg) 907.2
Kilonewtons per 5 6.9
square meter (KN/m%)

cubic meters (m3) 0.0038
cubic meters (m3) 1233
cubic meterg per 0.0038

minute (m>/min)
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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 sewenr
systems and conveyed directly to the nearest practichdl
disposal point. Over the years, however, it has (beeome
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 sStorm sewers“vand streams which

require larger facihlities ab highepr™costs;

b. lowering of water tables), with_a detrimental effect
on existing vegetdbion; or Ssalt water intrusion in

coastal areas;

c. reduction im»base .flows dn receiving streams, affecting

aquatic 11ife;

d. excessdve erosion of streams and sedimentation in lakes,

diey to higher discharge velocities;

es increased pollution of receiving streams and lakes
due %0 industrial fallout on roofs, fertilizers from
lawns and debris from streets and paved areas being
conveyed directly to the streams;




f. 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. 1In

many places the water table has dropped sharply because

of insufficient recharging of the ground whereas extensdve
flooding occurs downstream on a more and more frequent! basis.
It is obvious that if we continue in this manner, prleblems
will increase to the point where we will be faced™with coestly
damage of great magnitude. The obvious approac¢nywould he

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

into the soil.

New concepts of storm wateridrainagevhave .developed in recent
years. One such concept for disposal ofstorm water is
through use of underdround disposal by/infiltration drainage.
Although this method has not tbeen ‘extensively employed,

water resources planners, dand drainage design engineers are
now beginning to consgdder the infiltration drainage alterna-
tive because of the eompellingsadvantages it affords.

The major advantages ofwusing an infiltration system for
subsurface disposalofy, Storm water runoff include: 1) the
replenishwment of grounmdwater reserves where supplies are
being depleted-on where overdraft is causing contamination
by salt-watér\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-
tign~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



include Tower 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 combdna~
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 othenr, components
designed to infiltrate the maximum possible=volume“of runoff
into the soil.

The infiltration drainagesconcept,can be incerporated into
the design of a transpertation faeilityy commercial develop-
ment, or subdivision“area intmany different ways. In the
case of the former,(1ittle . 'or no additional right-of-way
may be required. Side(ditches, amedian areas, unused space
within interchanges, Gmall Tand=lgcked areas, borrow areas,
and space around rest areas.are all potential sites. MWith
imaginative plannhing, infiltration facilities such as the
open basins can be tenraced and landscaped to offer scenic
enhancement.,and, inYsome cases, a park-Tike atmosphere.
These systems produce many benefits and cause no negative
effects when, properly blended with the environment.

Infiltratdon drainage methods have been used in coastal areas
of the United States for groundwater recharge and to solve
specials 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 ipfilltratioen
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 od experiegnce which was
derived from engineering judigment apnd/applied theory. Its
purpose is to provide thesinformation necessary to evaluate
for feasibility, as welNhas tomphan and/desSign, surface and
subsurface infiltration’systems or compination systems that
can be incorporated into the overalh.drainage scheme of a
particular transportationsfacility, street system, or
commercial developments, "Basic eriteria are presented

with examples cited to assist the designer in selecting

an appropriate system.

The next twoschapters jprovide introductory and background
informatien<on the state-of-the-art utilization of systems
for undergroundsdisposal of storm water. They provide
solutions tof problems of groundwater recharge, storm water
disposalnand/or prevention of salt-water intrusion. Chapter
IIT, entitled "General Considerations", includes criteria for
the .evaluation of alternative disposal systems, environmental
and Tegal considerations, and general guidelines for soils
exploration and investigation. Chapter IV includes specific
design guidelines to enable the designer to plan and develop



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 thle
installation and long term performance of various infiltration
systems.

The word infiltration, is a general term used thyoughout

this manual to describe the flow of water intofthe soill
In the discussion of trench systems for subsurface disposal
of storm water, the term exfiltration is.used to desgcribe

the process in which water flews out of the trench or pipe
conduit and into the soil.

Reference
1. Theil, P. E., V" New Methods of«Storm Water Management",

Metropolitan Toronto and\Region . Censervation Authority,
Storm Water Management - Seminar,~November 1977.




IT. STATE~OF-THE-ART

Background

Artificial replenishment of groundwaters by surface infiltras
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 theymouth
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 mZ)
tract. Over the years, Fresno has increased™the size\of its
"Sewer Farm", which uses some surface sprinkTing and¢a large
number of infiltration ponds,_tovering Some 1,440, %acres

(5.8 x 100 m2) of Tand in 1972, Although some storm water
reaches the site, most of«bthe flows“are treated sewage
effluent.

Richter and Chun in\1961 (k) reported that fifty-four agencies
were actively practicing artifie®™a®™ ground water recharge
in California, alonegWin 1958. Many agencies elsewhere
artificially repledish groundwaters. Barksdale and
Debuchananne in,1946(2) “describe the practice in New
Jersey; Boswedldn 1954(3) discusses artificial replenish-
ment of grotmdwater Tw /the London Basinj; Brashears in
1946(4) provides mformation on artificial recharge as
practiced on +.ang Island, New York; Cederstrom and
Trainer(5) presented information in 1954 about groundwater
recharge dn“Anchorage, Alaska; Kent(6) reported in 1954

on pragtiees in the Union of South Africa; methods used

in sguthwest 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



of the Interior, Geological Survey, Water Supply Paper
1477(2). For those wishing to review the subject in
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 reseafch”repornt,
"Infiltration Drainage of Highway Surface Water" (1969),
Smith, et al(11) give a summary of the principleS/of ipfii¥tra-
tion drainage for highway surface water, and~descriptions

of the various kinds of systems with numerous referemces.

During the development of this. manual.,.questiennaires were
sent to a number of agencdes and engineering,consulting firms
for the purpose of asceriaining(to what ‘extent infiltration
systems were being uti™Nized throughout @he nation. The
results of these inquiries~are presented in Appendix A.
Although these results ¥representonly a sampling, they seem

to indicate extensive uti]iéation of infiltration drainage

in Tocalized areasyof *the cOuntry. In other areas,

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

The, fod Towingssections provide additional state-of-the-art
information ‘dealing with facilities constructed for sub-
surfacesdisposal of storm water. These systems can provide
for water’ conservation by groundwater replenishment and/or
prevwention 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,

1. Infiltration Basins

Infiltration basins are of natural or excavated open
depressions of varying size in the ground surface flor
storage and infiltration of storm water. Weaver.in
1971(12) presented theoretical and experimental work dohe
by the New York State Department of Transportation to
develop a protedure for designing infiltration basins.
Weaver points out that increasing demands *for firesh water
and dwindling supplies, togeither with “the advantage of
constructing short trunk sewers leading to(baSins rather
than the Tlonger sewers(that wouldyhave been needed,
motivated the use ofi.the infiltratiopsb@asins on Long
Island. More than 2000 infiltratiombasins are now in
use on Long Island, New*York.

In a discussion ofdartificidalirecharge in water resources
management, Dvoracek and\ Peterson, in 1971(13), point out that
maintenance reguirements jof infiltration basins are usually
minimal. _ They state that, "cleaning the sediments from pits,
trenches, and sppr€ading basins is a relatively simple opera-
tion, pessibly (involving nothing more than tillage of these
areas.s In extreme cases, physical removal of sediment

may“be necessary." One method to partially offset the need
for majihtenance 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.



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 soidls
that exist throughout the San Joaquin Valley. In most“cases
it is considered a safety factor in designing thelnécessary
storage volume of the systems. Other similar_experiences
are presented in Appendix A.

Many cities and local park districts combine pl@anss for
infiltration basin construction withf green-bedt zoning.

This multi-use merging of.the two «facilitiés,permits develop-
ement that is both pragtical and a€sthetically pleasing.

An example of a typical deteption-infiitration basin in a

city park is shown in FigurendII-1. . “Details on the design

and construction of these\basinsscan be found in subsequent
chapters of this manual. The Améxican Public Works Association
Special Report No.g43(14) is-also an excellent reference

for the Tocationland design—of detention systems in urban

areas.

2. InfilTtration~Irenches

Infiltration trenches may be either unsupported open cuts

with, side 'slopes, flattened sufficient for stability; or
essentiahNly vertical-sided trenches with concrete slab cover,
voidsof~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 II-3). Dvoracek and Peterson in 1971(13)
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FIGURE II-1 TYPICAL DETENTION-INFILTRATION.BASIN
IN GREEN BELT/AREA{(COURTESY» OF

CALTRANS)

RIGURE 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 navrow 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 engideering
considerations. The infiltration trench is a modd fication

of the infiltration basin, discussed in Section‘d» Porter

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

A typical trench cross sectionm is shown{ T Figure\I1I-4,

The addition of perforated,pipe to“the infidtration basin
concept increases the exfiltration.from fhe“trench by more
than 100 times that of ‘conventiofal “French drains"” or

dry wells which areylimited'by cross=sectional area. It
also serves the functiohN\of/ colleeting sediment before it
can enter the coarse vock backfiddL As collected, sediments
are distributed thyoughout the “Jength of the freeflow area,
and clogging is wmininized.\ JFor example, the sediment-laden
water must flow through™the cross-section of the conventional
French drain“to flood the trench and gain access to the
trench wahs/ The.perforated pipe distributes the water
immediately fow=its full length, providing immediate access
to the trench wall. A French drain 8 ft (2.44 m) deep and
4£t (1.22 ') wide must exfiltrate through a 32 ft2 (2.98 m
aross-segtional surface. An infiltration trench with 36
inch {0.915 m) diameter pipe running between inlet structures
2000 ft' (61 m) apart exfiltrates to the coarse backfill rock
for the full trench length through an area of nd x & =
3.1416 x 3 ft (0.915 m) x 200 ft (61 m) = 1,885 ft2 (175.3 m

2)

2).
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FIGURE II-3 INFILTRATION/TRENCHeWITH PERFORATED
PIPE AND* COARSE ROCK,BACKEIWL. NOTE
GROUNDWATER LEVELNIW EXCAVATION
(MIAMI~AREA) (COURTESY O F\DADE
COUNTYW.DEPT., OF“PUBLIC WORKS,
MEAMIY 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. Infittration Wells

Recharge or infiltration wells have been_Used forrmany decades
for conducting water into thesground. ,~Perhaps the oldest

kind is the "dry well", which “'s a smalti-diameter hole or

pit dug into the groundsforsthe disposal of water that has

no natural drainage. A dry well_is usualNy filled with pea
gravel, coarse sand,9or other aggregatey or contains a slotted
or perforated pipe, backfilled withhmaterials which allow
water to penetrate and_seak intad the ground, while preventing
collapse of the wallsl.““Frequently, a Tayer of filter sand

is placed in the top few_ipches (0.1 mt) of a well and mounded
up slightly over the welh,\Nto trap silt and other sediment
that might clog~the well., The sand can be periodically,
removed and c¢leaned, o 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
§ervice Publication No. 526(17). 1In some States, seepage

pits areypermitted when absorption fields are impracticable,
and/or ywhere the top 3 or 4 feet (0.9 or 1.2 m) of soil is
underiain 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 overlige
the principal waterbearing deposits. They may also be
economicaily used in metropolitan areas where land valnes

are too high to use the more common basin, floodingly and
ditch-and-furrow methods."

This publication also points out: "Many attempts to=re-
charge groundwater through injection wells have heentdis-
appointing. Difficulties in maSntainingyadequate) recharge
rates have been attributed.to“silting, bacterial and algae
growths, air entrainmenty™~earrangement of\sdil particles,
and flocculation caused by reaction of Agh-sodium water
with soil particles.¥

Cased, gravel-packed welilss 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 ofactastal greundwater basins by sea water has
become of ecomomi¢ importance in groundwater basin management."

Many researchers<have contributed to the body of knowledge

on flows—to and frrom wells. Muskat(19) in 1937 developed
theories forysSteady-state seepage toward a single well, small
groups ofswells, 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.
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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 practicals-con-
siderations ultimately determine their effectiveness., Fon
example, Reference(lg) from the U.S. Department 0%
Agriculture contains the following statement,.".C. . the

Los Angeles County Flood Control District im~California has
successfully operated injection wells as*art of a Mrge-
scale field experiment to ascentain the\feasibility of
creating and maintaining a firesh-water-ridge~to halt sea-
water intrusion in the Manhattan-Redondo Beach area in

Los Angeles County. In generall, a4t has . found that gravel-
packed wells operate.more efficientiysnand require less
maintenance than non graveb-packedswells. At Manhattan
Beach, California, a 24%inch (0¢s6l“meter) gravel-packed well
with an 8-inch (0.203%) casing was found more desirable for
recharging purpose§. 'On Long,Island, New York, where cooling
water is returned/to the ground-water basin, a minimum casing
size of 8-inches/ )(0.208 m) and a minimum packing of 2-inches
(0.05 m) _.havesbeen recommended.,"

The Transportation Laboratory of the California Department of
Transportation.tin 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
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space and may be designed with very 1ittle 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 ratevof infiltra-
tion, while another 50 feet (15.3 m) awapewill drainovery
poorly. The cost of well construction and maintenance makes
well drainage a fairly expensive method /of dispoSal. Basins
are much more economical .in _terms @f, cost per<unit volume of
water drained. Normally,va drain,well should be considered
for disposal of smallguantities of water, or as a supplement
to recharge basins or some~other type=0f disposal system."

The City of Modesto, [Lalsifornia, 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 64500 individual installations has
varied. Some\wells, considered as marginal, have resulted

in ponding\onh strneets following severe rainstorms. These
facilities have nequired continuing maintenance. Figure

II-5 shows a 'typical cross-section of the standard "rock well"
used, in the (CGity of Modesto for street drainage.
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Infiltration wel™Ns 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: . WAs 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
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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 (3.7 m)
inside diameter section provides approximately 9.1 square
feet (0.85 m2) of effective lTateral drainage area. Whehn \the
shaft is completed, a heavy reinforced concrete coverdis
placed over the top. The cover contains an open grating abelut
8 square feet (0.74 m2) in size. Over the cover/at the flbor
of the basin, a graded filter is placed to prevent sidtifrom
entering the well." Weaver points out that“most of\ these
wells have been carried at least 6 feet/(N 83 m). bhelow the
water table and often to depths,betweén 100 and~200 feet
(30.5 to 61 m). He indicates thesel shafts _ o¥_wells have

most often been used as.a remedial. measuye, to correct the
results of inadequateddesignyand/or inadequate maintenance

of existing infiltration basins. Because of their high cost,
there is a question as d¢o whetherSthis type of recharge

well is justified on the, basis of /hydraulic conductivity.
Weaver emphasizes that his department makes use of seepage
analyses methods stovestimate) their inflow capacities even
though the "design of a~di#ffusion well is a multi-component,
highly complex “task.® jHe also states: "Owing to their high
cost and howsefficiency, they are the least desirable method
of disposying of~highway drainage. Also, because of their

lTow efficientyy. @ rather Targe infiltration basin is necessary
mevaly toshold the storm inflow for eventual disposal by the
di ffusion 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.
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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 aggregdtes
are used, their gradations are usually established with“the
well-known "Terzaghi" or "Bertram" filter criteria.l These
are discussed in Chapter IV-C, "Design of Storm_HWater
Collection and Disposal Systems." Good quality Winerad
aggregates are virtually indestructible, and ‘until recently
have been economical and available in many geographi<€al
locations. However, as the supplies of\dependable aggregates
has diminished and the cost of placing-more than one kind

of aggregate (in trenches%y “or example) has sincreased, there
has been an impetus to(make uselof the_.sywnthetic fabrics
either to act as séparators to.keep fine erodible soils out
of porous drains, on to work~as filkters to allow free flow
of water while preventing“sthe movement of the erodible soils.
Barrett(27) (1966), Galhoun(28) (¥#972), Dunham and
Barrett(29) (1974)4 the U.S&.Army(30) (1975), Carrol1(31,32)
(1975, 1976), Rosén and MarKs(33) (1975), Seemel(34) (1976),
and many others~wbrked'with fabrics and developed standards
and specifications for their use.

Polyvinytdidene (chloride, polypropylene, and other synthetic
resins® used~inomaking filter fabrics are inert materials
not subject to rot, mildew, or insect and rodent attack.
They are,*“however, very sensitive to Tong term exposure

to ulltraviolet components of sunlight. Also, some are
affected by alkalies, acidic material, components of
asphalt, or fuel oils., If a fabric is substituted for
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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, Ffabric
filters must provide two very important functionSs: (1)they
must be able to prevent clogging of the drain“by erodibde
soil or other material, which could also%wesult in erosion,
piping, or other problems with\the facility beimg\protected;
and (2), they must not inhibit/the free! flow-of Water. In
situations where the fabries work wonly as sepdrators, and
there is no significant*flow offwater, they need only
satisfy the first requirementt

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

The current emphdsis onsstorm ‘water management has resulted
in new drainage concepts)aimed at reducing the flow of

storm watep~from devaloped 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 areasy 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
reinforeed concrete with holes that allow water to soak in
andi\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 Tawn which can absorb a good deal of rain
thereby reducing surface runoff.
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c. Porous Pavements

Porous pavements have been suggested in recent years to
recharge groundwater supplies and reduce storm water run-
off(36,37,38). 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 Tots but is not recommended for pavements that

are subjected to lavrge numbers of repetitions of theavy

wheel loads which could increase replacement and_ maintepance

costs.

Porous pavements are designed ‘based on<the load=bearing
capacity of a saturated subgrade fon ‘dn’ expected number
of wheel load repetitions\ The poreus stynUctdral section
is designed with sufficient res€rvoir capacity to handle
the design rainfall. \To function properly and provide
vertical drainage, the native subgrade soil should have
high permeability. Figure=II-6_4NMlstrates a structural
section for a typicallporous asphalt concrete parking Tot
pavement. The pavement prowides storage for 4.20 inches
(107 mm) of rainfall assuming 15 percent voids in the
surfacing and _30N\percenht) voids in the aggregate base.
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For desfign of, pawements refer to the Design Manuals of
the Asphalt IWstitute, Cement and Concrete Association
or~dther preflerences on the subject.
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d. 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 iinch (945 wmm) ]
diameter perforations uniformly spaced aroumdthe full
periphery of a pipe are desirable. HNot hess“than, 30
perforations per square foot (0.093 m2) of pipersurface
should be provided. Perforations not'dess than 5/16 inch
(8.0 mm) in diameter or, slots can e Used df.*they provide
an opening area not legs_than 3(3]*square inches (2135 mm
per square foot (04093 m2) of\pipe surface. The photo in

Figure II-7 shows the insidewnof a metal pipe with perfor-

2)

ations around the full pPerxipherya.

The Tiberal numbergof *holes™are'to insure free and rapid
flow in and out_ofjythe pipe+« The purpose of the large-
sized pipes is\toyadd to)the total storage volume for
storm watep=and to reduce the quantity of expensive rock
backfill.

Coarse, gravelsor other aggregate is used for backfilling
thesitrenchynaround, below, and above the pipe so that part

of the_storm water is temporarily stored in the voids of

the back®fill. 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 hm2/m2) of perforations will
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FIGURE II-7

FIGURE II-8

TYPICAL PERFORATED PIPE FOR
INFILTRATION TRENCH CONSTRUCTION
(COURTESY OF SYRACUSE TAdNK &
MANUFACTURING, CO., WESTNPALM BEACH,
FLORIDA)

) -, Ny
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 CMP, 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 t©

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

either saw cut after casting or formed in the fresh comcrete
during casting. The slots are either centered about“the
springline and staggered on both sides o'f the pipe barrel

by saw cuts (Alternate A) or cast above,and belowsthe
springline (Alternate B). No(signifri€ant reduction in
strength has been observedi\using the standardized details
shown in Figure II-9. ¢The desi@n™providess sufficient pipe
exfiltration ratess. 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 beenmiused, depending on flow

and storage requirements. _Alithough the installations have
not been test vekified,\owe 48 inch (1.22 m) diameter slotted
concrete pipe.inia coarse rock trench in a high permeable
clean sandgsapparentiy exfiltrated runoff from a severe

storm withotUt 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
performange of this alternate slot detail.

25



. *
2 f f ! ! 2 " "
WALL % 24" PIPE 2%
THICKNESS - 30" PIPE 21/g"
et T
_____ —_——t e e
| I B
S N I
! i I
_____ | 1 !
= i B SR S SRR AR
A<——

OUTSIDE OF PIPE

-

8"
W

o

SECTICN 'A-a" secrionlo-sy - : ALTERNATE A

SLOT DETAILS

8'-0" LAYING LENGTH,
7o o o o o 2.0

T SR

AN Y A i =5 ~
e AN W A .\ S L] @ U N

TYPicAL 18"

ALTERNATE B

FIGURE II=0~ DETAILS OF SLOTTED CONCRETE PIPE
(COURTESY OF FLORIDA DOT)

Determining the size of pipe and trench heeded requires

an astimate 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 Tocations 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 Lhapter
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 dp\increaSed
emphasis on the infiltration alternative for «disposition

of storm water.

Infiltration systems provide (the designer an additional
degree of flexibility in theldevelopment of wew facilities
that avoid additional flowsto exdisting storm drains, or
streams and rivers. Jhese systems afford“a dual potential
in that they are often less(costly+than conventional systems
and they serve to replenmish depleted groundwater supplies
and increase groundwater NMevels, preventing undesirable
intrusion into aquifews. However, the Tegal and environ-
mental regulations,and soil conditions should be investi-
gated for a parvticltlar Jocality before designing a given
system. Governmentalagencies 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:

° ehviwronmental and legal constraints (Chapter III-A)

°f ‘groundwater data (Chapter III-A)
° "local Soil Conservation Service (SCS) maps (Chapter III-B)
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° aerijal photos (Chapter III-B)

° soil boring Togs (Chapter III-B)

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

A good source of information is the U.S. Geological Survey-
operated National Water Data Exchange (NAWDEX), a cooperda-
tive clearing house for water data, including groundwater
quality information. NAWDEX assists users of watergsdata to
identify, locate, and acquire needed data. Refer(to "Statwus
of the National Water Data Exchange (NAWDEX) - Séptember™\1977"
by M. D. Edwards, U.S. Geological Survey Open~File Report
78-154, 1978.

The following sub-chapters of(this manual (ILI-A5 B and C)

provide guidelines for selection and evaluation of alternate
storm water disposal systems.
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A. ENVIRONMENTAL AND LEGAL CONSIDERATIONS

1. 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. GeoTogical
Survey, and others, have identified constituents of(paved
roadways and parking facilities in runoff™waterssd Assess-
ment of the impact of runoff,conveyedspoilutants jon
receiving waters is continuwing(1,2,834). Few'studies are
concentrated on the impactiof pohlutants _dn_roadway run-
off on the groundwater‘system. “Perspective on the possible
environmental aspectswof subSurface disposal of storm water
runoff can be gained from(informatien available on the

land treatment of munieipal wastewater. Design guide-
lines for the use of<theése systems are defined in detail

in the "Process DeSign Manuad \for Land Treatment of
Municipal Wastewater", published jointly by the U.S.
Environmentad Rrotection’Agency, U.S. Army Corps of
Engineersy land U.S. Départment of Agriculture(5). In

the covex Tetter“to that manual, Jorling and Graves make
the followingsvery meaningful statement.

"Wastewater treatment is a problem that has plagued
manpever 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 nation'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 Tevels 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 ¢o,accomplish
far more than conventional treatment and discharge
alternatives.

"Land treatment processes should be preferentially
considered as an alternatiwve wastewater manhagement
technology. While it is@recogpized thatyacceptance is
not universal, the. utiNizationof land treatment systems
has the potential (for savihgybillions“of dollars. This
will benefit mot only the_nationwide water pollution
control program, but mit alse ‘provide an additional
mechanism for the reecovery and’ recycling of wastewater

as a resource."

Land treatment of/wastewabter can provide an alternative

to discharge ofwconventionally treated wastewater. However,
careful conSYderationsnef any adverse impact of percolated
wastewater“on the quality of the groundwater is an essential
prereguisite «for j)all such projects. It has been demonstrated
in pumerousreported case histories(5) that a system of
disposal whieh includes filtration through soil can be

sUcces sfuls,
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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 gdnto
surface waters to avert possible pollution, particulariy 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'wary
depending upon development of new information andesheuld not
be specified arbitrarily since, runoff am excessl off one-half
inch (13 mm) may be required\te "flush=off" gurface
pollutants. Subsurfacesdisposal phrovides @anjalternative
method of handling thesej¢Storm wWater conbaminants.

Like Tand treatment of wastewater, “subsurface disposal of
storm water is an attractive, coSt-effective alternative

to conventional dischlavge into surface waters. Considera-
tion of the impact<of subsurface disposal of infiltrated
storm water on thé /qualitywo0f the groundwater is essential.
The quality of\groundwater should be determined and compared
to establdshed standards for its current or intended use

and monitored for ehange in quality with time.

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

use of systems that endanger underground drinking water
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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, drilied, 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 are classified under the propf6sSed requirements
as Type V wells which includes storm watex disposed Wells,
salt-water intrusion barrier wells, andssubsidenhce control
wells. Underground sources 0f/drinking waterpas defined

by EPA dinclude, "Al1l aquifers or their portions which are
currently providing drinking water and,.as'a general rule,
all aquifers or th&ir ‘portions,with fewer than 10,000 parts
per million of totall dissolved soldids [ppm or mg/1 of TDS]".

Before any system isygdéveloped fo¥" infiltrating water or
making any other changdge insnatural runoff, designers should
also make sure that the ‘system will not create legal liabil~
ities for the~Owners..\lLegal problems cannot always be
averted, but\developers should be aware of the water laws
and codes Of pracdtice of their locality.

Pl Emvironmental Considerations of Runoff Waters

The principal motivation for elimination of storm sewer
discharge into surface waters Sstems 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.

37



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 land su¥faces
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 stopm water qua¥ity
and its potential impacts are being considered in_the
development of the 208 plans. “Valuabledinformation should
be gained by this effort and,'cdonsideration of subsurface
disposal of storm water wih\l“undcubtedly beg~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 subsuprface disposal of storm water will
attract attention as a possihble"“disposal alternative.

The general references (for groundwater quality are drink-

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

with naturally ‘woor-quality groundwater, disposal of poor
guadity suxficial storm water is not a serious concern,

The EPA.proposed drinking water standards are listed in
TableINI-A-1.
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TABLE III-A-1 EPA-~PROPOSED REGULATIONS ON
INTERIM PRIMARY DRINKING
WATER STANDARDS, 1975(9)

Constituent Reason
Characteristic “Yalue " for Standard
Physical
Turbidity, units 12 Aesthetic
Chemical, mg/L
Arsenic 0.05 Health
Barium 1.0 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 Heal th
Selenium 0.01 He@alth
Silver 0.0% Cosmetic
Bacteriological
Total coliform,
per 100 m& 1 Disease
Pesticides, mg/L
Endrin 0.0002 Health
Lindane 0.004 Health
Methoxychior 04l Health
Toxaphene 0005 Health
2,4-D 0.1 Health
2,4,5-TP 0.01 Health

The latest rewision to the constituents and concentration
showld be used,

Five mgAL"of suspended solids may be substituted if

a
it can be demonstrated that it does not interfere with
disinfection.

b

Dependent on temperature; higher Timits for lower
temperatures.
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If groundwater contaminants are substantially higher in the
area of concern than any of the current lTisted 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 dischargesof
storm water runoff into underground aquifers. Rechange
systems are not utilized in some states because these
requirements place restrictions on storm water infidtration
systems. Water pollution law in Ohio, for example, cafn
charge offenders with polluting groundwater(but those
charges must be made and proven in a couxt of law(10.

Some northern states use large”quantities of(road de-icing
salts during winter monthsn® These ‘states. have tended to
refrain from use of storm water\recharge 'systems fearing
possible contaminationrof gpoundwater.\~*To prevent ground-
water pollution, some agencies in_Cahifornia require a
10-foot (3.1 m) aquifer.elearande \for infiltration well
construction(11). Inffi¥tration wélls are readily capable
of polluting groun@water supplies and local regulatory
agencies shouldsbesconsuhted concerning the amount of
aquifer cleapance, required for a specific project.

Guidelipes are noit ‘currently available for aquifer separa-
tion distance «for infiltration of storm water. However,
there are_guidelines for sewage effluent from septic tank
Teach fielhds. The graphs in Figure III-A-1 suggest the
purification mechanism of soil in terms of distance that
effluegnt~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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it

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. Questionabie
installations should be monitored to iderntify changesiin
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 nitrates

The particulate phase can be either adsorbed nitrogens;
organic matter containing nitrogen, or insoluble mibheralogic
phases with nitrogen in the Tattice.

The particulate phases of the various elements are ais0
represented in the suspended sediments. ‘The distrinction is
sometimes important as soils and intepstitial dreas of some
aquifers can filter out particulates‘er~suspended solids
thereby reducing the impaethof thewarious\pbllutants on

the groundwater. This(is particularlyimportant in the case
of bacteria.

The natural filtration Of “runoff water by the soil removes
most harmful substandessbefore they can reach the water-
bearing aquifer. fNearly addl “pathogenic bacteria and many
chemicals are fildeéred within 3 to 10 feet (0.9 to 3.1 m)
during vertigal-percolation, and within 50 to 200 feet
(15.3 to 61T m) of lateral water movement in some soil

formations(™5).

Tests made by ~sthe 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 leach
lines or pits and the land disposal techniques.

One of the major traffic-related contaminants is Tedd.
Although Tead 1is primarily emitted as particulatelmatter,

it is fairly soluble. Lead in its ionic form, tends teo
precipitate in the soil as lead sulfate andsmémains reldtively
immobile due to Tow solubility(16). Lead¢cal also be tied
up by soil microorganisms, precipitate with othen“anions,
ion exchange with clay minenals, or belabsorbed by organic
matter or uptake by plantss Once sonic Tead,reaches the
groundwater table by preécipitatdiony ion ‘exehange, or adsorp-
tion the available¢lead can still be xeduced. Surface and
groundwater quality samples,collected-near a major highway
interchange in Miami, Florida, vevealed that Tead concentra-
tions were very low(LZ)Y.) The interaction of lead with the
high bicarbonate im this particular location probably caused
precipitation in(the sunface water borrow pond near the
highway. Lead‘\concentrations in the bottom sediments of
these ponds~were found/to be relatively high.

If impuUre watey %s allowed to enter directly into coarse
graveh or opén joints in rocks, the impurities may enter
inte, and centaminate adjacent groundwaters. Sites that
are underldain 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 grounds=

water quality. Faults and intrusions, should always

43



be evaluated for their effect on groundwater occurrence,
influence on quality, and direction of movement. If the
underlying rock strata is fractured or crevassed like
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 inh/ 'the
underlying bedrock. These faults play a significant “ro?e
in the effectiveness of the drainage wells, and alsosin
the movement of groundwater. The authorsvalso gdndicate
that these direct conduits tolgroundwater hawve caused
quality degradation in oneNarea; however, (fgroundwater
users in adjacent RoanokesnCounty hdave not experienced
quality problems thatcould be connected to this means

of storm water dispasal.”

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

in the planming stages/of a large subsurface storm water
disposal project b0 «identify the underlying soil strata 1in
terms _of Jits hydhaulic, physical, and chemical characteristics.
Pertinent physical characteristics include: texture,
structurenand soil depth. Important hydraulic character-
i'stics are:r infiltration rate and permeability. Chemical
charagoteristics 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 chaptefs ~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 obtainéd by
consulting appropriate references, i.e.,%rim(20), or other
references on the subject. The importance of proper
identification of the hydrawlic characteristics 0f the rock
~strata has been illustrated above.

b. Groundwater Monitoring

Environmental Taws and regulationssnow in force require
monitoring groundwater where adverse effects to its quality
may result from digposal andwstorage of solid and liquid
wastes(21). Monitoringssystens have not as yet been
required for groundwatér )recharge utilizing storm water.
However, comsideration of such monitoring systems should

be incorporated im the design of subsurface drainage systems
that di'scharge (storm water directly into groundwater.

Proposed ERArequirements for Type V wells (gravity or
injectiom), which discharge directly into surficial aquifers,
call sfor 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 informatiof
for developing the monitoring system. Factors to be
considered include: depth and type of subsurface soilsx
depth to bedrock, relative permeabilities, depth tol ground-
water, and relative groundwater gradients. Propenr.layoug

of monitoring wells cannot be accomplished ungil™information
relative to such factors has been obtained éand*evaluabed.
Wells must be sufficiently close to the potentiale solirce of
contamination to detect any degvadation of groundwater quality
at an early stage. Where mouitoring wells afe, used as an
early warning system, it/fsvimperative that the preproject
quality of on-site groundwatersibé estabN shed, and, there-
after employed as d™standard-=for comparison with groundwater
samples taken subsequent t0» inhitiatden of the proposed
subsurface drainage system. Sufficient samples of ground-
water should be obtaihéd over a time period adequate to
establish the "ambient" grpumfdwater conditions prior to
storm water disposal. Theshumber and location of monitor-
ing wells wild\be)governed by the magnitude of the project
and carefull ¢onsideration of information developed by the
aforementioned silte,geology analysis.

An appropriatevmonitoring well should be so designed as

to, provide \the quantity and quality of sample required

at’ thesMowest cost. Small diameter (1 1/2 inch [38 mm])
PVC _ ¢ise¥ 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 siotted 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 backfil¥ed with
concrete or cement grout to provide a seal which“prevents
contamination by surface waters. The well Seal shodhd
comply with State and local requirementsa

A shallow well groundwater-quality menitoring system has
been developed in southerm Florida which _ will be installed
routinely as a contraet item oni\infiltratdion trench
projects in Dade Coupty. Detawis of(this system are
similar to the cross-segtion and pTan shown on Figures
ITI-A-2 and III-A-3.

3. Legal Considerations

a. Introductyion

Before any system fs'developed for infiltering water or
makings\any other./change in natural runoff, designers should
make sure that“the system will not create legal liabilities
for the owners. Major construction projects can change the
naturad wunoff patterns, reducing flows in some areas and
incredsifig 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 increasedierosionwith redsultant
pollution in natural waterways< Relatively miew political
constraints have been imposed because of this and burgeoning
public sensitivity to_.further environmental degradation.
Levels for various censtituentuconcentrations in discharge
or receiving waters ‘may .be& specifiad\in permits to maintain
water quality objectivesw ™ LegisTation specifying zero
discharge and zero idcrease in dis’charge has been enacted
in some cases without provision for exceptions, despite
their merits, environmental or otherwise.

Zero incredse 'in discharge may be a difficult legal concept.
It attempts® to reécognize the need for runoff and provide

for engineering flexibility. However, legal problems

wild arise #Fxom interpretation of runoff coefficients.
Kxcoefficient by definition is a ratio or, as commonly
expressedy a percentage figure. Even in a natural water-
sheds/with excellent rainfall and runoff (discharge) records,
the wunoff 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 effectronvwater. ' rights
downstream, or senior claims to the wateny asS the,sowrce of
flow will be diminished when the runoffiis diverted from its
normal or historic drainage channe1(§g). If~the concept of
"zero" increase in runoffais pursued, no ifitev¥ference 1in
downstream rights would™“be antic¢ipdated.

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

Most riparian~{\land ownenship) rights are in effect east
of the Mississippi River, while most appropriation (permit
system) rights ane\in effect west of the Mississippi River.

Legal Mdistinltions are made between discharges to a
peceiving . water in a well-defined channel or basin
(raturad watercourse), superficial waters not in a channel
or bavin_(surface waters), and underground waters not in

a well-defined channel or basin (percolating or ground-
waters)(23).
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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 locgal level. An
excellent reference is the National Water Commission
publication, "A Summary-Digest of State Water Laws"(25).
Similar case histories can be found in 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 concentrationfof“pollutants
generated from paved surfaces vary“considevrably depending
upon the type of dewvelopment,\location, population, and
dilution by storm water runoff, no.attempt is made in
this manual to define thiese constituents and evaluate
their effects on the enVironment../ Various studies are
underway at the present timé~which address this problem.

b. Land treatment of(storm watey by infiltration through
soil is capable of removing pollutants at levels comparable
to the best, available advanced wastewater treatment
technolegies.. (This capability will vary with the hydraulic,
physical, andi\chemical characteristics of the receiving

soi¥, strata ‘and the character and concentration of the
pollutants/ carried by the storm water.

C. 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
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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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B. SOILS EXPLORATION

1. Considerations for Determining Subsurface Soil and

Groundwater Conditions

A key element in any design analysis of soil infiltration
capacity undertaken for a subsurface storm water disposal
system is a comprehensive soils investigation program,
supervised by a Soils Engineer qualified to plan and
implement the program and interpret the results.“aluabte
professiond] assistance or guidance may be available from
governmental agencies such as the Soil ConsgeryvationgsService,
U.S. Department of Agriculture. A hydrogeologistr knowledge-
able with the local geohydrolegy couldsalso proyvide valuable
information. The details,of\ sdbsurface” exploration programs
related to this subjectaarevbeyonds\the scopelof this manual.
However, any soils explordation programsshould be oriented

to the following objectives:

a.) Define the subsurface(profile within the infiltra-
tion basin or well areas or along“the length of the proposed
system.

1.\ Ttdentifn.s0il and rock strata, 2.) locate the
otatic watér\table, amd 3.) anticipate its seasonal fluctuations.

bv )~ Provide representative samples from the explorations
fory 1aboratoxy»testing purposes.

CEN“Provide for field permeability tests to be performed
at thepsite as necessary. For suggested methods refer to
Chapter IV-A of this manual.

d.) Review data on historic and existing groundwater
conditions to provide information on possible mounding
effects of the proposed system.
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2. Preliminary Activities

This phase of an investigation can be categorized as a re-
connaissance study since a great deal of subsurface informa-
tion is frequently available from various sources. Available
data can often be acquired at little or no cost. Its
acquisition can provide insight into existing conditions

and aid in determining the extent of the subsurface
explorations program needed for final design.

a.) Possible Sources of Existing Subsurfacé Data

1.) Soil surveys prepared by the 'S0il Conserva-
tion Service, U.S. Department of Agricudture, arevavail-
able for all states, as well "@s*PuertolRico and the Virgin
Islands. The so0il surveyss\published Subseguent to 1957
contain interpretations~of the mapped sodlNdeposits useful
for engineering purposes, including Seid/)'suitability for
drainage and irrigation. _SOdl surveys/ prior to 1958
require more engineeringNnterpretation. Copies of these
surveys can also be inspected in=Soil Conservation District
or County Agriculturabh Extension Offices.

2.) lGeologid heports and groundwater resource
reports prepaxed by the U.S. Geological Survey in Cooperation
with statenagencies are frequently available. These reference

sourcesi can be @uihte informative.

34)" Subsurface data obtained previousiy in the
arvea foxrwother projects should not be overlooked. Such
data may’ have been obtained in connection with utility
confpany projects; or private ventures such as commercial
developments; or earlier public agency projects.
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4.) MWhen available, aerial photographs can also
be of value when properly interpreted by trained personnel
in defining soil type categories and qualitative soil-
moisture conditions.

b.) Preliminary Site Inspection

A great deal can be learned about sites in non-developed
areas through examination of the terrain and its surface
features. Types of vegetation and Take levels may give
some preliminary indication of groundwater levelS. The
natural terrain is indicative of land formsge=which in, turn
imply the types of soil categories that exist. Soil-maps
and bulletins of the U.S. Department of{Agriculture’s

Soil Conservation Service ane(most helpful in, the inter-
pretation of information _derived from such/on<site examina-
tions. Commercial or pesidentid@l. construction records can
also provide information on s6il and\gnoundwater condi-
tions. Inspection of existing wells,'may yield general
groundwater data.

3. General Guidelines fors«Explorations Programs

The subsurfaceexpiorations and field testing program should
be established after“a/review of the data obtained in the
reconnaissante phase, The storm water disposal system might
be only, part of a*larger project that has its own explora-
tions\requirements. Explorations should be made to serve
duad, purposes whenever possible. Those required specifically
for stormwater disposal can be planned after due consider-
atiomyand evaluation of existing data and, where applicable,
considering explorations requirements for other project
design features,
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A preliminary program of limited scope can help establish
groundwater and soil types and aid in verifying the informa-
tion obtained in the reconnaissance stage, or serve, itself,
as the reconnaissance stage where other data is not available.
A preliminary program is advisable whenever possible since it
might well indicate at an early stage whether a subsurface
storm water disposal system is feasible or not. 1In additdon,
the magnitude of explorations for final design would be“more
apparent following a preliminary program,

Explorations can be implemented in various ways,.such &$
machine-cased borings, test pits, trenches,/orvaugep. holes.
Penetration resistance is not considered an applicabie
exploration method.

Although an in-depth discussion of\types of eXploration and
methods is not within the“scopelof this manual, some comments
on selecting exploratien types,and pprocedures are appropriate.
Test pits or trenches are ©ften the ‘best methods since they
expose soil and water conditionsi\“Pits or trenches may also
be the most economical(method depending on the equipment and
manpower availabledto the desdgner. Where cased borings

are used, they should besmade to the maximum depth possible
without the usewof water to facilitate determination of
natural grotindwater depths. In addition, cased borings,

or auger hodes, shoudd provide continuous samples to some
depth below the fiinal bottom elevation of the proposed
infiltratiop. brench, well, or basin. This is necessary in
ondey to establish a continuous definition of soil types
through™which the storm water will percolate and to aid in
deteriining groundwater depth through differences in soil
moisture. The recommended minimum depth of exploration is

10 feet (3.7 m) below the bottom of the seepage discharge
level, or to the static water table, whichever occurs first.

59



An example of a typical subsurface exploration program for
basin design and for trench design are shown on Figures
ITI-B~1 and III-B-2, respectively. The finished grade for
the basin example in Figure III-B-1 and for the trench
example in Figure III-B-2 are less than 4 ft (1.22 m) above
the static water table in sand and gravel materials. An
adjustment of these grades may be desirable to satisfy loeedl
environmental considerations. Mounding conditions aboye

the water table should be anticipated in both cases_wdth
some reduction in infiltration capacity.

Long term readings are essential to evaluate“seasonalf dround-
water fluctuations, particularly where the ‘groundwater level
may be within 10 feet (3.1 m)sof the seé€page discharge level.
This information can be obtained by Jilhserting perforated or
slotted tubing or pipe in<the boringvand takdng periodic
water Tevel readings.

An area with a highy/groundwater table Jand/or soils having a
nigh percentage of siltand clay.size material will not
normally accommodate gUbSurfacesstorm water disposal. In
such areas a storage-retentijonetype of system should be
considered as angsalternative.’ There are exceptions to this,
since, in some(aréas, a~high water table with pervious soil
conditions may*“not bé& detrimental to the use of subsurface
disposal ‘systems.
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C. EVALUATION OF ALTERNATIVE DISPOSAL SYSTEMS

1. Alternatives to Positive Discharge

a. Basins

When ample space is available and other criteria are satisfied,
the use of infiltration basins can provide a relatively
inexpensive solution to storm water disposal in terms) of

cost per unit volume of water drained. As mentjioned

earlier, space is often available within areas of the ni\ght-
of-way, such as highway interchanges; or on{ non-usedsportions
of residential or commercial developments:

In some communities infiltration basins have been integrated
with attractive parks and/A0r recreation areas. This dual
role of the basin benefits both\the fagihN ty and the public.

Among the negative aspests of infiNration basins are their
susceptability to early. ‘¢logging and sedimentation, and

the considerable surfaee land areds required for their
construction. Bas9ns alsorpresent a security problem due
to exposed standing watewr,nand a potential for insect
breeding. These_problems are discussed at length in
Chapter W (of this manual.

b Wells.and Pits

Wells and\pits are often used to handle drainage problems

in smadl\ dreas where an outfall is not available. They are
alselised in conjunction with infiltration basins to
penetrate impermeable strata overlaying pervious soil layers.
Infiltration wells and pits can be installed quickly and
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inexpensively to remove standing water in areas difficult

to drain. A disadvantage is the tendency of filter media

to clog with silt or sediment, requiring considerable
maintenance. Also, their capacity for drainage is difficult
to predict. One well may induce a good rate of infiltrationy
while another, a very short distance away, will drain very
poorly.

c. Trenches

Infiltration trenches are a viable solution for “Wong-tenn
underground storm water disposal at locatiofis, having.soils
or rocks capable of absorbing large quantities of wafer.
Trenches are ideally suited to“urban developmenty‘e.g.,
under lot Tines, within easéements, under roadrright-of-way,
beneath parking lTots andgsim landscaped areash.

Slab-covered trenches ‘and trenches with-/perforated or
slotted pipe backfilled with~coarse aggregate provide
economical alternatives™to surface“disposal. The slab-
covered trench is fedsdible where «ock strata will support
the slab and trench walls andistill provide necessary
infiltration. _Su€h conditions are found in certain areas
of Florida altheugh this particular design may have 1imited
application elsewherey

Perforated or slotted pipe backfilled with coarse rock,
inssta™ed im trenches, can provide a long-term solution

to, Underground storm water disposal. The capacity of

this system is controlled by the native soil permeability
characteristics. The pipe provides storage and also serves
as avcontinuous catchment for silt. Clogging of perfora-
tions or slots and coarse aggregate is thus minimized.
Catch basins which are points of entry of storm water also
provide silt catchment and easy access for cleanout.
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d. Combination Systems

These systems can incorporate retention storage with
subsequent infiltration and discharge of residual flow
through a positive outfall system. Individual systems
can be designed to infiltrate storm water along the
entire alignment of the drainage system or to infiltrate
water only in selected areas.

e, Economic Considerations

Excavation materials from infiltration basipsareas or
trenches can provide a savings by their utilTization\in the
construction of embankments. Considerable savimgs. are
also possible by reducing on'éliminatihg costly outfall
facilities. Local drainage problews, can also“be solved
in some areas by instaliting sumps.and drilling dry wells
to take advantage of the infiltrationm, characteristics of
the soil and reduceistormdrain reguiwvements. In order
to evaluate the economig feasibihity of a given design,
in addition to initial/cost, the~long term maintenance
requirements are ag essentialiconsideration.

2. Site Evaluatdion and)Selection of Alternative
Infiltration Sysiems

The following is%a check list of the steps which should be
included in_asfeasibility evaluation:

a. Potential Benefits

1.) Economic benefits compared to direct
discharge (positive system).
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a.) Reduced outflow requirements.
b.) Reduced need for treatment of storm
water.
2.) Groundwater Recharge
3.) Reduced or zero increase in discharge
4,) Reduced subsidence due to groundwater
withdrawal
5.) Reduction or prevention of salt-water
intrusion
Evaluate alternate systems based on consStraintss
1.) Environmental
a.) Local impacts
b.) Groundwater quality
2.) Legal
3.) Physical site
Evaluate siteqchavacteristiics
1.) Soil (sdrface and subsurface)
a.) t~Iype and-depth ofNsoil
b.) Wnfiltration chaxdcteristics
c.) Locat%on ofgroUundwater table
. Hydrologic
elect mgst feasiblTe System based on:
. Economic ‘ewaluation

. Gonstruction evaluation
Potential benefits (2.a. above)
Constraints (2.b. above)

.
(3
.

Site characteristics (2.c. above)

2.)
Sel
1.)
2.)
39" Maintenance evaluation
&)
5.)
6,49
Des

gsign system
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IV. DESIGN

A. DETERMINATION OF INFILTRATION RATE

1. Factors Affecting Infiltration Rate

The capabilities of sites to accept surface water and
distribute it into groundwater systems depend on a gr€at

many factors. Among the most important are: natural

ground slope, type and properties of surface andsSubsurface
soils, geologic conditions, and subsurface hydroVogic condi-
tions. The amount of water to be distributéd)and the“kinds
and amounts of contaminants and dissolved\matter gin The water
have a profound influence on ,he capagibties of (systems to
accept and distribute water on‘a lopg-term b@sis. Dissolved
salts and other chemicad/substances,® oil, grease, silt, clay,
and other suspended matter can ¢log thessSurfaces through which
water must enter a‘System. ,Such matewnials will greatly reduce
infiltration rates if they are notNintercepted by catchment
basins or frequently remeved by(appropriate maintenance
methods. The depth df%the water table, and its natural slope,
as well as the unsaturatedsand saturated horizontal and
vertical permeabidities of\soil formations, have important
influences on™vates of vinflow and the rate of buildup of
saturation (mounds under infiltration systems.

For sigmp¥icity, the words: permeability, infiltration, and
percolationgypare used interchangeably in this manual in
describing “\the ability of soil to absorb water. Specific
definitions are included in the Glossary Section of this
manuead 3

Investigations for the design of infiltration systems
should concentrate on the following vital aspects of
infiltration and dissipation of water: (1) the infiltra-
tion capabilities of the soil surfaces through which
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water must enter the soil, (2) the water-conducting
capabilities of the subsoils that allow water to reach
underlying water table, (3) the capabilities of the
subsoils and underlying soils and geologic formations
to move water away from the site, and (4) flow from the
system under mounding conditions at maximum infiltra-
tion rates.

The rate of infiltration is greatly affected by the
permeability of the soil formations. The infiltration

rate for the first application of water in an infiltration
test is generally greater than after Tongerapplicationvof
water. As water application continues and The uppexrmost
sediments become saturated, the infiltration ratesgradually
decreases and reaches a neanly constant) rate, ustally
within a few hours. If all of the sedimengts ~are uniform

or the deeper sediments~are morg permeabldevthan those

near the surface, and\the water tabla %&)rat considerable
depth, the infiltration rate.is contrelled by the sediments
near the surface. Howewevr;”whenathe deeper formations

are iess permeable thdp sthe shalltower ones, the shallow
sediments soon become“saturated)and the resultant infiltra-
tion is controlléd by the\less permeable sediments at
greater depth_and\ grourdwater gradients under these
mounding caonditions.

The principles (6fvinfiltration have been studied by many
investigatorsy “some of whom are referenced at the end of

this, chapter., One of the most complete studies of the
waterflow _patterns below infiltrometers is that of Aronovici
in 1955¢1), who illustrated the significance of surface and
subsurface conditions on observed infiltration rates. His
study suggested also that pressure head is the dominant factor
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involved in filtration rates in initially dry or damp
soils, and emphasized the influence of the differential
hydraulic head in causing a decrease in infiltration
rate with time.

Compaction of the exposed surface of a test area reduces

the infiltration rate. MWisler and Brater in 1949(2) pointed
out that rain beats down on an unprotected soil, compaects it,
washes fine debris into the pores, and thereby reduces”the
permeability.

Musgrave and Free in 1937(3) found that evem~s%ight watér
turbidity caused a considerable decrease™n infiltration
rate. According to the U.S. Salinity Laboratony \in
1954(4), water having the samé/quality~ds that to be used
later in actual infiltratdion should'be used for the
infiltration test.

Weaver(5) indicates \that ¥Infiltratien into pervious
unsaturated or dry materials ispredominantly controlled

by capillary suctiongsimilar .to the process of capillary
rise except that g«favity assSists rather than impedes down-
ward flow." He.,adds: ™Wdhi¥e it was long assumed that
Darcy's law waswvalid _to deal with these problems of
unsaturated™fhow, thisswas not proved until 1950, by

Childs andN\Collis~George(6). The difference from the usual
appligations «f Darcy's Taw is that neither the con-
ductiwity term,nor the driving potential term are constants;
both, are funections of water content." He notes that infil-
tratiopsbasin efficiency being directly proportional to the
opergPing head, there is a definite advantage in designing
for~peration at relatively high heads. For an infiltration
analysis, values of four soil properties must be obtained
with depth in the profile. Weaver Tists these properties
as: (1) capillary suction, (2) transmission zone water
content, (3) saturated permeability, and (4) soil porosity.
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In describing New York's method of analysis of infiltration
from basins Weaver states that it is necessary to "Plot

and summarize all subsurface and laboratory test data in
the same general fashion as for all other types of founda-
tion design problems. These data must then be studied in
terms of significance with respect to infiltration theory,
to deduce the value of the soil properties controlling the
infiltration rate at the site. As a general rule, the
control zone for the infiltration rate will be in the~first
10 feet (3.1 m) of the uppermost soil layer. Thelsbil
properties outside this area may exert a secopndalry contyod
only when the soil is markedly less permeabdeand thé
profile is such that lateral spread of the wet frontis
prevented if its vertical advance is inpeded by this

layer. In other words, the \sdrface L0ntrol zone --

where the primary transmission zone\is est@bdished -- will
control infiltration umdey any conditionwhere the water
transmitted throughwit has someplace_tolgo, either vertically

or laterally."

No soil Tayer that has/a hydraulic conductivity less than
the soil within the Tower limits of the infiltration
facility should bejoverhooked as a possible zone which
would result dm.groundwater mounding. Mounding over these
zones could™drastically reduce the infiltration rate of

a proposed\facilifty wunder perched or high groundwater

conditiens.

Sinee manysfactors affect infiltration rates, considerable
Juwdgment vand experience are needed for selection of the
propey.test procedure to obtain reliable results from
whieh to design an infiltration system. To interpret
infiltration data properly the investigator must know
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the hydrology of the deep as well as the shallow formations.
Adequate subsurface explorations as discussed in Chapter
III-B of this manual should always accompany infiltration
tests.

Some typical infiltration (permeability) rates for the
various soil groups of the unified soil classification
system are given in Table IV-A-1, for saturated and
compacted Tlaboratory specimens. Since laboratory tesit
specimens are mixtures of disturbed materials, the.tests
may give permeabilities lower or higher than ghose of (the
in-place materials. If the in-place materi@ls’ are dense,
uniform deposits, and the laboratory specimens ape I€ss
dense, the laboratory permeabdilties gould be too high.
But if the natural deposits ‘are stratified (Sorted)
formations, the Tlaboratery ‘permeabilMties ‘can be too Tow.
The wide ranges in permeability\values«in Table IV-A-1
(even for relativelyssimilap~materiats)“emphasizes the
need for good subsunrface éxplorativns and field permeability
and infiltration tests.

2. Methods for Determinimg™Soil Permeability

a. General ¢Dd'scuss jon

Those working widhNinfiltration systems often make use of
permeability ‘tests, which are intended to measure a soil's
abidity to Anfiltrate water. These tests should simulate
ds, closely\as possible, the conditions that will develop in
an infiNration system, and presume that each square foot
of basinyg trench, etc., will infiltrate the rate determined
by the test. The value of these tests, therefore, depends
on the degree to which they simulate the real conditions.
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TABLE IV-A-1

PERMEABILITY RATES FOR DIFFERENT SOIL GROUPS FOR SATURATED AND COMPACTED LABORATORY SPECIMENS(Z)

GROUP TYPECAL NAMES OF
MAJOR DIVISIONS Pérmeability (K)=*
SYMBOLS SOIL GROUPS Unit Dry Weight andiPercolation
1b per cu ft Characterjstdcs
when Gompacted dand ¢Saturated
Std. AASHTO Mod. AASHTO cm per S¥€C Nt pev day
. Well-graded gravels 1 -4
GH Gravel-sand mixtures 125-135 125-140 100 /to 10 300 to 0.3
tittlie or no fines. Pervious
GRAVEL Paorly graded gravels -
AN P or gravel-sand mixtures 110-125 110-740 10 toalo 3 x 704 to 30
: little or no fines. Very penvious
GRAVELLY Silty gravels, gravel- 102 to 1070 -3
SOILS GM sand-s3lt mixtures. 115135 116-14% Semi-pervjous 3 to 3 x 10
COARSE- - to-gmperv1?;s
Cliayey gravels, gravel- 10 to 10 -3 -5
GRAINED GC sand-ciay mixtures. 115-130 120-145 Impervious 3 x 10 to 3 x 10
SOILS Well-graded sands -2 -4
SH gravetly sands, ¥ittle 105420 110730 10 to 10 30 to 0.3
or ro_fines. Pervious
SANDS Poorly graded sands“or - -3
AND Sp gravelly sands, I9tle 100-120 105-135 10 to 10 300 to 3
or ne fines Pervious
SANDY Silty sand, sand-8ilt | 1073 to 1078 3
SOILS SH mixtures 100-125 100-135 Semi-pervious 3 to 3 x 10
to impervious
Clayey sands, sand- 10'6 to 10'8 -3 _
SC clay mixtures. 105-125%5 110-135 Impervious 3 x 10 to 3 x 107°
Inorganic siltsgand very fine -3 -6
SILTS sands, rock flour, silty ony 10°° to 10 -3
ARD ML clayey fine ganmdsvbor clayey 85-115 90-125 Semi-pervious 3 to 3 x 10
silts withesldght plasticity. to impervious
CLAYS Inorganic clays of Tow to
medium/pltasticity gravelly -5 -8 -3 -5
LL IS cL clays,\sandy claysy, silty 90-120 90-130 10 to 10 3 x 10 to 3 x 10
FINE- clay¥s, Pean clays Impervious
LESS Organdc siltseand 107% to 1078 -3
THAN 50 oL organtc silty clays of 80-100 90-105 Semi-pervious 0.3 to 3 x 10
GRAINED Jow plasticity. to _impervious
Inorganicisilts, micaceous
SILTS or diatomaceous fine 107> to 1077 -4
SOILS AND MH sandysonmysilty soils, 70-95 80-105 Semi-pervious 0.03 to 3 x 10
CLAYS elastie silts., to _impervious
Lnorganmic clays of high 107 to 107° -3 6
LL IS CH plasticity, fat clays. 75-105 85-115 Impervious 3 x 10 to 3 x 107
GREATER Organic clays of medium -6 -8
THAN 50 0oH to high plasticity, 65-100 75-110 10 to 10 -3 5
organic siltts. Impervious 3 x 10 to 3 x 107

*Permeability values aswmodified by H. R. Cedergren



Soil permeability or infiltration rate is best determined

by actual field tests under known hydraulic gradients and
known seepage areas. The value of laboratory tests is Timited
to the degree to which the specimens tested actually represent
the soil mass in the field. One of the more important factors
influencing the permeability of a soil of a given grain size
distribution is the porosity and structural arrangement of

the grain particles. In laboratory test specimens both
properties are likely to be disturbed during samplifig~or
during test preparation. Also, soil formations aktre

stratified to a greater or lesser degree, and ane variabie
within a formation; hence it is best to determine perwmeabilities
in the field since a large zone of influence can bestested
with less error.

Because of the possibilities of ervor intnoduced by
laboratory permeability testingl, @s noted above, it is
suggested that suchwtests be used only (@as a guide for
preliminary evaluation of sproposed,infiltration drainage
sites.

Field methods should be used-to'simulate conditions that
most nearly predict thesdxainage capability of the proposed
drainage system. % This(can be accomplished by auger holes,
(cased or umcased), and sample trenches or pits; or other
field procedures.,~ The method chosen will depend on the
type of\ facilityyto be designed and on the site Tocation
parameters;_.isue., presence of underground utilities, number
of “test sités required, requirements for maintenance of
vehicular.and/or pedestrian traffic, type of equipment
available to perform the test excavation, and type of
subsoil.
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The size of the test excavation should be Targe enough to
aid in visual inspection when possible and to provide
sufficient surface area to distribute the water, either
lTaterally or vertically, depending on the type of test
performed. Normally 12-inch to 24-inch (0.3 to 0.6 m)
width or diameter is sufficient to accomplish this with
testing equipment available. Longer test areas or
excavations may be required for basin or pit testing,

The number of test sites is somewhat dependent on
existing soil conditions and the drainage system.layoutx

For a basin, or a subsurface system for a{ paved parkding lot
area 300 ft x 300 ft (92 m x 92, m), two\or three\tests
would normally be sufficient.’/0On adcontinuous linear
trench system of 1/2 mides(800 m) “er more, 500 foot (150 m)
intervals between test(leocations gs sufficient, provided
soil is uniform inteampositionh,.

Tests should be performédiat eaghydistinct change in soil
strata and should comtinue downwavrd to the approximate
bottom elevation of the drainage facility being designed.
If test results,ifndicatesWow infiltration rates, excavation
and testing should be_continued to a depth that would
provide satisfactory ¥infiltration and yet still be
economical Nfor cafstruction of the drainage facilities

and within compliance of local and state regulations as
defined in Ghapter III-A, "Environmental and Legal
Considerations".

An adegquate supply of water should be available to both
presoak the sides of test excavation or auger hole and
perform testing. This can be supplied by either truck,
hose, or fire hydrant. Excavation equipment may be

either auger, backhoe, or trenching machine. A timing
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device with a second hand is needed for performing the
test. Backfill material should be available to cover
the excavation when testing is completed.

Test data should be recorded in a form that can be easily
analyzed in the field to determine if the results are

satisfactory to accommodate the design drainage facility.

b. Indirect Methods

1.) SCS Soil Classification Maps

These are maps that give the SCS classification of surface
soils in many parts of the Undted States. They are

published in National Cooperative SO0ilT*Survey Reports
published by the Soil Censervatieon\Service, U.S. Department
of Agriculture, in copperation With othen agencies. Soil
survey information\is.available on,afcounty by county basis.
A portion of a typical map/is showh %in Appendix D-1. These
maps cannot possibly cover variations occurring in short
distances; they givedondy a generdl idea of the basic types
of soils occurringiin various-areas. Any use of these maps
to catalogue soilltype forvestimating permeability should

be verified binactual~field inspection and classification

of soils«in the study%warea. Such maps can indicate in a
general.way whethewr soils might be expected to have good
drainage moderate drainage, or very poor drainage.
Thetrefore, they may be utilized to some extent in preliminary
infiltratdion drainage feasibility studies. Before any system
is desdigned, more specifi¢ information based on field
permedabiTity testing should be obtained for a given site.
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2.) Specific Surface Method of New York State(8)

This method (Appendix D-2) is used only for cohesionless
granular material that is uniform and non-stratified. The
saturated coefficient of permeability is calculated with a
formula developed empirically which relates porosity,
specific surface of solids, and permeability. Its principal
advantage is simplicity. It requires only a small number

of samples of material to obtain a standard gradationy’the
shape characteristics of the grains contained in leach sieve
size interval, and calculation of the specific surface~based
on the data obtained from the grain size anaidysis and physical
examination and an estimated in-place porosity. _As\with
other indirect methods, it does not allowsfor varhations in
soil structure or stratification whichioften~control

permeability. Field permeability stests ané,therefore,
recommended in conjunction with{this procedure.

c. Laboratory Methods

The Taboratory constant thead permeability test (ASTM

Test Method No. D2434) is pnoxmally performed on moderate

to highly permeable soilsnand filter materials, while the
falling head ,test) using the consolidometer (ASTM Test

Method No. DB2435) isperformed on materials with low
permeability. Both tests measure permeability under
saturated conditions. For information concerning laboratory
methods refersto Appendix D-3.
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d. Field Methods for Design of Basins

(1) Single Ring {(Contra Costa County, California)

This test is applicable for infiltration basins in areas
with Tow water table,

A 12-inch (305 mm) diameter or larger steel pipe is drjven
into the ground a minimum distance of 12-inches (305 mm),
with the ground elevation at the time of the testinot

more than one foot (0.3 m) from the final profile’ of the
bottom of the spreading basin. Water is keptN\in the

test ring for a sufficient period of timecto-provide
calculated saturated infiltration rates{under falhing head
conditions that do not vary by more than 5%... A Mminimum of
three infiltration tests should be.made for  each basin.
For additional test detaiNs refgvr o Appendix D-4.

2.) Double Cohcentric\Rings

This test is applicahle sfor infittration basin sites with

a low water table.g If the permeabilities of the soils
under a proposed(infiltration ‘basin site vary with depth,
tests should be made at sufficient depths to establish the
effect of depth on permeability and to aid in determining
the required” depth, of the basin. An infiltrometer is
essentilalily a sfalM model basin consisting of a section of
pipe or a bottomless box set to the desired depth in the
sOoih (Figuwre JIV-A-1). The basin is filled to a given depth
wisth water/*and maintained at a constant head with a float
valvesfer a period of at least a week to measure long-term
inf9ltration rates under saturated conditions. The rate

of loss of water in ft/day, in/hour, or cm/day, is

defined as the "infiltration rate”. If soils are stratified,
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there is a tendency for the infiltrated water to spread
laterally. This will have more effect on infiltration from
small basins than from large basins. To compensate for
spreading tendencies, a Targer outer ring or box is also
kept filled with water to form a "buffer zone" to confine
the primary flow from the inner test cylinder. Only the
flow from the inner ring is used in calculating the
"infiltration rate". Refer to Figure IV-A-2, ASTM TeSt
Method D3385 and Appendix D-5.

Judgment, based largely on experience, is an dmportant
requirement in evaluating infiltration ratel data especially
where conditions are non uniform. Robinsen and Rohwer in
1957(9) studied infiltration Am relatien, to canal) 'seepage
and used a variety of equipment instalved inthe field.
They concluded that largesdiameteristest ripgs using 6-feet
(1.83 m) for an interitryring aud 18 feet (5.49 m) for an
outer ring provided™more acgurate measurements than the
more commonly used P to.2£feot (0.8.%0 0.6 m) rings.

3.) Auger HoledPermeability=“Tests

When water tables{dre welNbelow the planned bottom elevation
of the basingfileor, falling head or constant head permeability
tests can _beyperformed in auger holes. Numerous procedures
are in use “for makWirg and interpreting such tests. Methods
used py~the U.S. Navy are described in Appendix D-6-1. When
they U.S. Depawntment of Health, Education, and Welfare method
is, used fohr, percolation(10), a test hole is kept filled with
water for~a number of hours, preferably overnight to pre-wet
the,50i ¥and allow expansive soils to swell at least 24 hours
(seev Appendix D-6-2 for this procedure). During the test,
the drop in water level that occurs in 30 minutes 1is used

as the percolation rate. In sandy or other permeable soils,
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the time interval between measurements is taken as 10
minutes and the drop that occurs in the final 10 minutes
of a 60-minute run is taken as the percolation rate.
Basin dimensions can be determined using empirical
factors relating basin infiltration to auger hole
infiltration, or percolation testing. For design
details refer to Section C of Chapter IV, "Design".

e. Field Methods for Design of Infiltration Trenches

1.) Falling Head Percolation Tests In Auger*Holes
(Dade County, Florida)

This test has application for Minfiltration trenches in areas
of high water table. At points® located along the centerline
of a proposed infiltratiom trenchgy holes 9=ifneches (229 mm)
in diameter or larger are boredsto-at le@st 2-feet (0.6 m)
below the low-watew.eleVation{expectad @t the site, or to
the anticipated eleVation ofithe treneh bottom. The portion
of the hole below the water table wmust be kept open during

a test. This can be ,acogomplished_using a special casing
developed specifically for testing in sandy soil as shown

in Figure IV-A-3(/yThe specia] casing is lowered into the
auger hole as_shown in(Figure IV-A-4, The surface elevation,
depth to wateyx table%y and depth to bottom of casing are
recorded. \Water s .then introduced through the casing until
water sunface eTevation is equal to the design elevation of
the top of theproposed drain field which is normally 3 feet
(0+915 m) “below final ground level. The time is recorded

ds’ the water drops in the test hole in 6-inch (152 mm)
increments as determined by a float device similar to that
shown™in Figure IV-A-5.

82



AN

b o o o
¢ o o ]F
b o o o
e » o
o o L
- o o o
O b ¢ o o
- e o o
o o o o
e e ®
P. ® o
s e o
la o o ®
e ° .
b o e o
@ e @
b e ¢ o
e & &
¢ o -
Fo® oo ©w
S T ]
o 0.1
o o LI
a o ]
o © o
s e o
o @ o
o e ®
o ® b &
° ® B
v 0 6 o
« &
« 0 8 b
LI T
d * o
L N

« 8" ¢ 10 GA. ALUMINUM PIPE
" WITH FORMED CHISEL POINT AND
PERFORATIONS IN THE BOTTOM 6(FT.

FIGURE MV-A-3

CASING FOR INFILTRATION TEST IN
SANDY SOIL (COURTESY OF BRISTOL,
CHILDS & ASSOCIATES, CORAL GABLES,
FLORIDA)

83



P

FIGURE IV-A-4 SPECIAL CASING FUR-'AUGER HOLE
PERMEABILITY TESTING (COURTESY OF
BRISTOL N\CHILDS "&“ASSOCIATES,
CORAL~ GABLES ,~FLORIDA)

FIGURE IV-A-5 SPECIAL FLUAT DEVICE FOR MEASURING
WATER LEVEL CHANGE IN AUGER HOLES
(COURTESY OF BRISTOL, CHILDS &
ASSOCIATES, CORAL GABLES, FLORIDA)
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The volume of water in a specific 6-inch (152 mm) increment
of the test hole divided by the time recorded to drop

that 6-inch (152 mm) increment results in a rate of
infiltration for that specific 6-inch (152 mm) increment:

Q = Infiltration Rate

Q = V/At
where: V = volume of test hole for increment Ah
At = time interval for watey to fall increment

depth (Ah) as shown in Figure IV-A-6%

The rate of infiltration for a specific 6=inch (152 mm)
incremental drop divided by the\circumfevence of ithe
test hole gives an infiltration rate\for that’specific
increment per Tinear footf™\0.305wmhof wall area of the
test hole as per the following expressjians

QL Fs Infi¥itrationh Rate_per lineal foot (0.305 m)
of wall

Where: “Vvand At are defined above and
C = Circumference of test hole

Since the propesed infiltration trench has two sides, a
factor ofs2 Ai)s applied to give the total exfiltration rate
(Qt) pen, Tiheal foot (0.305 m) of trench for a particular
6-inch \(No2 mm) increment of test hole.
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The bottom of the test hole is not considered in the
design since it has minimal influence on overall
exfiltration rate. In design the bottom of the trench
is also ignored as an exfiltration area and provides an
added safety factor. The permeability in the lateral
direction 1is usually significantly larger than that in
the vertical direction.

Let: Qt = exfiltration rate per linear foot (0L305 m)
of trench (cfs or m3/sec)
) _ 2y
Q = 20 F, = Fixe

Figure IV-A-7 illustrates the exfiltrdfion rate\per linear
foot (0.305 m) of trench based on pércolatiopn tests at
6-inch (152 mm) incremeptsnof test hole. ~The design rate
is based on the highesgt.practical/elevdgbhion of hydraulic
head that can be obta¥ned.

2.) Constant HeadyPercolation Tests In Auger
Holes (Dadée,County\ Florida)

The initial preparation-for this test is the same as for
the falling head«test.\“However, water is discharged into
the test hole at a rate to allow a constant head to be
held insdntervals\of one or more feet (0.3 m or more)
depending onydepth of hole. This is done to determine

if. localized/\soil strata affects infiltration. Water
ispcontipually added until the top elevation of the drain
field Gshreached. A constant head should be held for at
leagtlh minutes at each interval; however, a longer
period would provide more accurate infiltration rates.
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The infiltration rate per linear foot (0.305 m) of wall
area of test hole can be determined for a given constant
head using the inflow, Q in c¢fs or m3/sec, required to
maintain the constant head and relating the flow to the
circumference, C, of the test hole, i.e.:

The exfiltration rate per linear foot of trench is.

O =20 f,

The design rate is based on the highest _practical elevation
of hydraulic head that can be~ohtainegds

For actual trench design/refer tq Ghapter IV-C.

3.) Auger Holé&xPermeabilty Tests

When water tables are bedow the(planned seepage trenches,
falling head (or condtant head) p€rmeability tests are
frequently made in“auger holes drilled to the planned
depth of the trentches. _Numerous procedures similar to
the method described A4n.Sections e-(1) and e-~(2) are in
use for making and inteérpreting such tests. The tests
described in Section'd-(3) and in Appendix D-6 can also
be utidlized for trench design. The trench dimensions are
determined mising empirical factors relating trench flow
with) augex shole flow., For details refer to Chapter IV-C.
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f. Field Methods for Design of Wells and Pits

1.) Well Pumping Test

In situations where the flow will be below an existing
water table under saturated conditions, well pumping
tests provide one of the best methods for estimating
in-place permeability. Since the flow to wells 1is
predominately in a horizontal direction (see AppenddxyD-7)s,
well pumping tests are, in essence, measuring horizontal
permeability, which determines the capabilities of undepr-
lying soils to discharge seepage laterally./The "well"
is pumped while the amount of drawdown ist{measured Tw one
or more arrays of observation_ wells. _Permeabilfity*is
calculated as defined in Appendix D=7.

Usually a number of calcutations of permeability are made
using various combimnations ofdrawdown Gn pairs of wells

and the average is used agrepresenting the permeability

of the soil tested.

2.) Auger Hole Permeabidlity Test

Tests similanste/those\described in Sections d-(3), e-(1),
e-(2) and e=%{3) and Appendix D-6 can be utilized to design
shallow drn wellsanmd seepage pits.

3. Theoretdcal Methods For Estimating Infiltration Rates

The Dapeywcoefficient of permeability (k) is defined either
as the,discharge velocity (vd = ki) under a hydraulic
gradient (i) of 1.0, or as the quantity of seepage per unit
area under a hydraulic gradient of 1.0. For a given soil
under a given state of compaction, etc., k has a specific
value that can be used for calculating seepage velocities
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and seepage quantities under any hydraulic gradient
selected for analysis.

In order to apply Darcy's law, or flow nets and other
calculation methods using seepage fundamentals, it is
necessary to know the Darcy coefficients of permeabilities
of the soil formations in which water is flowing. While
Darcy's law was originally conceived for saturated flow;
it can also be used for unsaturated flow when care {s
taken to use appropriate coefficients of permeability.

The general procedures for using Darcy's law forliwvarious
cases are presented in Appendix D-8.

Various theoretical methods have been developed  for
analyzing flow in both saturated andlunsaturated soils.

A method described by Weavér(5) was ‘developed by the

New York Department of(Transportation fowr estimating
infiltration rates ¢forsunsaturated flowlf{bottom of basin
or trench more than'ta few/feet (1 m +) above the ground-
water level or an imperwvious styatum]. The method is
used for infiltratiop Basins withea Targe ratio of surface
area to perimeter,Jfassuming-adl outfiow is downwards. It
provides conservative results for point and 1ine sources
(catch basins=~and)trenches) where a large portion of the
flow will move Tateraddy through the sides.

Where the bottamjof a infiltration basin or trench is below
the, groundwater® table, the infiltration rate should be
estimated,on’the basis of saturated flow. The same is true
if thesbottom of the basin is only slightly above the
groufidwater Tevel on an impervious stratum, and the
groundwater can be expected to mound up to the bottom of
the basin or a perched groundwater table can develop under
a basin or trench.
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Theoretical considerations in the gravity flow of water
out of ditches are given by HMuskat in 1937(11) and by
Harr in 1962(12). Numerous books and reports contain
formulas for estimating flow into wells or slots. By
making appropriate conversions, these formulas can be
adapted to the case of outflow from wells or slots(13).

Approximate two-dimensional methods for estimating flow
to large excavations or sumps were given by Cedergren
in 1977(14). These methods can also be adapted tO the
outflow case.
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B. HYDROLOGY
1. General

The hydrologic input required for the design of any in-
filtration drainage system is the time-related inflow
distribution., This input is usually in the form of a
hydrograph or a mass inflow curve. The appropriate
hydroloaic method used to define this relationship .caf
best be determined by the designer based on consideration
of the physical and hydrologic characteristics lofnthe drain-
age area, the data available, and the degree“of sophistica-
tion warranted in the design. The designerwmust be_aware
of the various methods available to estimate runoff and
particularly the lTimitations({of these methods.

It is not the intent ofi'thYis mamual to disclss hydroloqy
in detail nor to recommend aymethod €oplestimating runoff.
The purpose is rather to discuss data sources, and briefly
describe the more commapidyetutiliZzedrrunoff estimating
procedures and their IimPtations.

2. Hydroleoeic Infaormation

The Mational'\Meathen{Service (NOAA) collects precipitation
data and publishes the' results in various documents, as
Tisted(in Tahle=JW-B-1(1). The information is presented

as isohyetalwNnes on geographic maps of the United States,
Puerto Ricog4 rand the Virgin Islands. The technical publi-
cationsslisted under subheadings A and B in Table IV-B-1
give _theyprecipitations to be expected within certain

durations and return periods.
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TABLE IV-B-1(1)
NATIONAL WEATHER SERVICE PUBLICATIONS* - PRECIPITATION DATA

A. Durations to 1 day and return periods to 100 years

NOAA Technical Memorandum NWS Hydro-35 "5 to 60-Minute Precipitation Frequency for
Eastern and Central United States", 1977

Technical Paper 40. 48 contiguous states (1961)
{(Use for 37 contiguous states east of the 105th meridian for durations of 2°%0 24
hours. Use NOAA NWS HYDRO-35 for durations of 1 hour or less.)

Technical Paper 42. Puerto Rico and Virgin Islands (1961)
Technical Paper 43. Hawaii (1962)
Technical Paper 47. Alaska (1963)

NOAA Atlas 2. Precipitation Atlas of the Western United States (d973)

Vol. 1, Montana Vol. II, Wyoming Vol, III, Colorado
Vol. IV, New Mexico Vol. V, Idaho Vol. VI, Ut@h

Vol. VII, Nevada Vol. VIII, Arizona Vol. IX, Washington
Yol. X, Oregon Vol. XI, California

B. Durations from 2 to 10 days and return periods to 100 ears

Technical Paper 49. 48 contiguous statles( (1964)
(Use SCS West Technical Service Cénten Technicdl Wote - Hydp6logy - P0O-6 Rev, 1973,
for states covered by NOAA Atlas 2.9

Technical Paper 51. Hawaii (1965)

Technical Paper 52. Alaska (1965)

Technical Paper 53, PuertowRico and Virgin Islandsh(10©65)

C. Probable maximum precipitation . )

Hydrometeorological Report 33. States’ east of the 105th (1956)
(Use Fig. 4-12, NWS map for 6=holyr 'PMP (1975)s This map replaces ES-1020 and PMP
maps in TP-40** which are based fon HM Report’ 33 and TP-38.)

Hydrometeorological Reportg36.™ Califormia (11961)

Hydrometeorological Report¢39. Hawaii.{1963)
(PP maps in TP-43**_aresbased on “{M Report 39)

Hydrometeorologicall Report 43s~Northwest States (1966)
Technical Paper (38. States west of the 105th meridian

(1
Technical Paperygo%** Puerto Rico and Virgin Islands (1961
Technical Paper 47+%* Alaska' (1963)

960)
)

Unpublislhed Reports:
***Thynderstormssy,Southwest States (1972)
Uppér Rio GrandenBasin, New Mexico, Colorado (1967)

*National Weather Service (NWS), National Oceanic and Atmospheric Administration (NOAA),
U.\S% Departmentof Commerce, formerly U. S. Weather Bureau.

**Technicallpapers listed in both A and C
Being replaced by Hydrometeorological Report No. 51 "Probable Maximum Precipitation East of
the 105th Meridian for Areas from 10 to 20,000 Square Miles and Durations from 6 to 72 Hours",
available end of 1977.

***Being replaced by Hydrometeorological Report No. 49 "Probable Maximum Precipitation,
Colorado and Great Basin Drainages".
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Technical Publication No. 40, 1isted under "A" in Table
IV-B-1, is a valuable tool in urban drainage studies,
since it give rainfall for various durations and
frequencies of recurrence. Other federal agencies such
as the USGS and the Corps of Engineers are also good
sources of rainfall information. In addition, records
are maintained by State Highway or Transportation Depart:-
ments, State Water Resources Agencies, Cities, Counties,
local drainage districts, and utility companies. Far
rainfall intensity-duration-frequency data for Camagda,
refer to reference (2) at the end of this chapten.

a. Rainfall Intensity - Duration furves

Rainfall intensity - duratiofi-¥requenioys (I.D.F.NScurves
are derived from the statistical analysis ofdprainfall
records compiled over a number afiyears.\FEach curve
represents the intenslity-time retationship for a storm of
a certain return frequency (g). Referrto Figqure IV-B-Ta.

The intensity, or the/Pate of rainfall, is usually
expressed in a depthper unit time, with the highest
intensities occurying oyer short time intervals and
progressively decreasimo,as the time intervals increase.
The highest intensity Yor a specific duration for n years
of recordi\is/ called the n year storm, with a frequency of

once if n yearss

It shouldybemoted that the I.D.F. curves do not represent
a rainfallpattern, but are the distribution of the highest
intepsities over time durations for a storm of n frequency.
The vainfall intensity~-duration curves are readily avail-
able from governmental agencies, and are widely used 1in
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the designing of storm drainage facilities and flood flow

analysis.

b. Rainfall Hyetographs

Rainfall hyetoaraphs are a graphical representation of
rainfall over time. Synthetic design hyetographs may be
derived from the I.D.F. curve, using the Chicago Method (4.

Briefly stated, this method consists of selecting &n
allowable storm frequency for the proposed storm'drain

and determining from rainfall statistics the_ intensity=
duration curve (Figure IV-B-la) for the sel@cted storm
frequency. The chronological storm pattérn or hyeteograph
(Figure IV-B-1b) is then determined for.storms{which are
most likely to cause excesstive runoffs’ Thesdesign storm
pattern or hyetograph js~cemputedSfo conferm at all points
of the intensity-duration curve.

The average rate of| rainfalduring\the maximum 15-minute
period of the hyetograph“equals/the rate shown for 15-
minutes duration on ghle) intensitvw duration curve, and
similary for all dther dupatdons (5).

More recently,~{1977), the development and use of the non-
dimensional\triangular hyetograph has been reported by
Yen and_Chew (6)4\ They report that

YAn apalysis of 9,869 rainstorms at four loca-
tions"@dndicates that for a given season the non-
dimewsional triangular hyvetographs for heavy
vaninstorms are nearly identical, having only
secondary effects from the duration of rainfall,
measurement accuracies of standard U.S. National
Weather Service precipitation data, and insigni-
ficant effect of geographic locations.”
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Simple procedures of how to use the nondimensional triangular
hyetograph to produce the design hyetograph are outlined

below:
Notation:

D = Depth of rainfall
t, = Duration of rainfall
= Return period
a = Time to peak = tda°
0.33<a®<0.50
h = Peak rainfall intensity

Procedure:

1. Determine D from NOAA ATLAS
For the desired stovxm”duration td

2. then h = ZD/td

3. Plot rainfall hyetograph with “these parameters
(Figure IV-B-2).

Roinfall Unténsity, in Inches/per Hour

Time, in Hours or Minutes

FIGURE IV-B-2 SIMPLIFIED TRIANGULAR HYETOGRAPH
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A simplified hydrograph procedure based on the assumed
triangular hyetograph is described in Section 3C(3).

3. Methods for Estimating Runoff

There are numerous methods available today for estimating
runoff, ranging from the Rational Method developed in
1889 (7) to sophisticated computer simulation models.

The selection of any method must be based on the degree

of accuracy required, recognizina the scope and/ Aimitations
of each method. Except in the rare cases where the in¢
filtration rate of the soils meet or exceed the pedakirate
of runoff, a graph showing runoff distribution with time
must be developed to design agm infiltwratdion system. This
can be in the form of a hydrographdor a mass/¥nflow curve.

a. Rational Merthod

The Rational Method is midely used \to determine peak flows
in positive drainage swstems by, the equation

0 = CIA

Where /= Design peak flow (runoff), in cubic

feet per second.

Ch\="Coefficient of runoff

= Average rainfall intensity, in inches
per hour for a given frequency and
for the duration usually equal to the
time of concentration,

A = Drainage area, in acres.
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When using the Rational Method, the following assumptions

are made:

1. The rainfall intensity is uniform over the entire
watershed during the entire storm duration,

2. the maximum runoff rate occurs when the rainfall lasts
as long or Tonger than the time of concentration,{and

3. the time of concentration is the time requinéd-for
the runoff from the most remote part of the'watershed

to reach the point under design.

1.) Coefficient ofsRunoff, C

The only manipulative factors in the RationallFormula is
the runoff coefficient L\ *Judgment should™be used in
selecting this values as it must”incov¥porate most of the
hydrological abstractions, sofil types,  antecedent condi-
tions, etc. Typical vadlues for ceefficient of runoff are
shown in Table IV-B-2(for various jtypes of land use and
surface conditions, “hese coefificients are applicable
for storms of 5 gop MO0-year frequencies. Less frequent
higher intensitypstorms~wnwill require the use of higher
coefficientsibecausel infiltration and other losses have

a proportionally smaller affect on runoff (g). It 1is
common(pyractice~to select average coefficients and assume
that“the coefficients will not vary through the duration
ofi the stormsr However, it is generally agreed that these
coefficients of runoff for any given surface will vary
with_respect to prior wetting.
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TABLE IV-B-2

TYPICAL RUNOFF COEFFICIENTS FOR VARIOUS TYPES
OF LAND USE AND SURFACE CONDITIONS(5)

RUNOFF COEFFICIENTS
LAND USE (C)

Business:

Downtown areas « ¢« « + o o ¢ « o « o « 0.70 to 0.95
Neighborhood areas . . . . . . . . . . 0.50 to 0470

Residential:

Single-family areas . . « ¢« « « « « +» 0.30, to/0.50
Multi units, detached . . . . . . . . 0.40\to 0.60
Multi units, attached . . . . . . . . 060 to 0475

Residential (suburban) . . . ... « . . .~ 0.25 to0d0.490
Apartment dwelling areas . . #nv. . (2.5 0.50 t0,)0.70
Industrial:

Light areas . . . « NN . o & . . =050 to 0.80
Heavy areas . o« « o fo «* ¢ o L o+ « o 80%60 to 0.90

Parks, cemeteries $wa. .« . mf. « .« anbs 0,10 to 0.25
Playgrounds . + ¢« 0e o o2 . o &N, 0.20 to 0.35
Railroad yard areas . AN, « 8% . . 0.20 to 0.40
Unimproved areas . . &% . . . . &. . . 0.10 to 0.30

SURFACE CONDITIONS

Streets:

Asphaltic won « ¢« ¢ %% % ¢« ¢ ¢ ¢« « « « « 0.70 to 0.95
Concretéd, W % . & ¢ e8¢ & ¢« ¢ & ¢« « o o« 0.80 to 0.95
Brick . % . « £N% ¢« ¢ v v v v « « o« 0.70 to 0.85

Drives=~and watks % . . . . « « « « « . . 0.75 to 0.85
Roofis ™, v wmSNe ¢« v ¢« v v ¢ « o « « o« « 0.75 to 0.95
Lawns; Sandy~Soil:

Flat, 2% . . . « « « . . 0.05 to 0.10

Average, 2 to 7% . . . . 0.10 to 0.15

Ste€p, 7% . 0.15 to 0.20
Lawns'; Heavy Soil:

Flat, 2% « « ¢« ¢ ¢ « « + & 0.13 to 0.17

Average, 2 to 7% . « .+ . . 0.18 to 0.22

Steep, 7% . . 0.25 to 0.35
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"Usually a substantial period of rainfall will
have occurred before the beginning of the time
of concentration and consequently, the low co-
efficients indicated at the beginning of rainfall
are in no way representative of storm conditions
when the average desian intensity occurs." (l)

2.) Rainfall Intensity, I

The rainfall intensity to be used in the Rational Method

for determining peak flow should be for the design(frecuency,
and of a duration equal to the time of concentration. This
information is developed as previously discussed«

3.) Time of Concentration, tc

The time of concentration (tc) is €the time.ré€duired for
runoff to arrive at theVpovint of\concentration (such as
the inlet to an infiltrationysystem), from the most remote
point of the drainage~area.l Time of cencentration is
generally developed relative to thepinitial point of con-
centration. Drainagessystem calcihlations also require
the addition of time“of flow\in the system between the
inlet and the pojnt, of control. Inlet times generally
used in urban drainagesdeéstign vary from 5 to 20 minutes
with the chaanel* flow “time being determined from pipe

flow equations.

4%)  LimStations of Rational Method

The ‘Rational Method does have limitations and should only
be applied to relatively small drainage areas. The
maximum acceptable size of the watershed varies from

200 to 500 acres (0.90 to 1.422 Km2) depending upon the
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degree of urbanization. The APWA Special Report No. 43 (8)
recommends that urban drainage areas should be lTimited to
less than 20 acres (0.284 sz) in size, such as rooftops
and parking lots. As drainage areas become Tlarger and

more complex, the C coefficient cannot account for the

many natural hydrological abstractions, surface routing,
and antecedent moisture conditions.

b. Modified Rational Method for Development of
Mass Inflow Curves

The Rational Method has been used to calculate the totad
cumulative volume of rainfall runoff versus™time (mas's
flow) by modifying the formula, to read ¥ % CIAT=

Where Volume“of runoffiin cubic=feet

Oy =<
1

= Coefficient @f>runoff
= . Average rainfall Sntensity, in inches

per houxsfor a given frequency and for
selacted durations of time in increments
sufficient to=plot a curve showing total
cumulative volume of rainfall runoff
versys, ‘time

AN= Drafinage area, in acres

T = Time in seconds which corresponds to

the selected durations of rainfall.

The folTowing, 9s an example calculation for the mass flow
clirve fornal3-year frequency design storm, using hourly
intensities from Figure IV-B-3 and the Modified Rational
Equation:
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Assume A = 1.0 acre (4,047 mz) drainage area and C = 0.9,
Using the Modified Rational Formula, V = CIAT, CA = (0.9)
(1.0) = 0.9, The following cumulative volumes of flow

are developed:

Time I Time Volume
Minutes CA X Inches/hr, X Seconds Cu. Ftf
10 0.9 X 5.60 X 600 = 3,024
15 0.9 X 4,90 X 900 = 3,969
20 0.9 X 4,40 X 1,200 = 4,752
30 0.9 X 3.75 X 1,800 = 6,075
60 0.9 X 2.65 X 3,600 = 8,586
90 0.9 X 2.10 X 5,400 = 10,206
120 0.9 X 1.75 X 7,200 = 11,340
150 0.9 X 1.50 X 9,000 = 12,150
180 0.9 X 1.35% X 10,800 = 13,122
240 0.9 X 1.0 X 14,400 = 14,256
360 0.9 X 0783 X 219600 = 16,135

The resulting inflow cuktwe is shown in Figure IV-B-4,

Specific applications‘@re discussed under "Design of
Storm Water Collection and-Disposal Systems", 1in

Chapter IV-C.

It should be recognized that most mass inflow curves con-

structed using the above
the expectedsalcumulated

procedure do not truly reflect

runoff as a function of time,

sincesnthe probable storm pattern and the storage affects

of “the wabershed are not

considered,

However,

the results

N sizidngs/underground disposal systems using this proce-

dure should be conservative in most instances.
simplicity of the method makes it attractive where more

detailed studies may not be warranted.
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c. Hydrograph Methods

As previously indicated in this chapter, hydrograph methods
relate runoff rates to time during a design storm, and are
generally more applicable to larger watersheds, though used
also with small watersheds, particularly where storage 1is
considered.

Natural hydrographs are those obtained directly from'&he
flow records of a gaged stream channel or conduitl *Syn-
thetic hydrographs are developed using watershed paramgters
and storm characteristics to simulate a natural hydr@araph.
A unit hydrograph is defined as a hydrograph“of a diprect
runoff resulting from 1 inch (25.4 mm) Jof effectiwve rain-
fall generated uniformly over/the watershed area” during

a specified period of time _or duration. Thelunit hydro-
graph can be used to develop the hydrograpli of runoff for
any quantity of effeétive rainfall.

The unit hydrograph théewys assumptions, and limitations
are discussed in detadi¥,in references (9) and (10).

1.) SgntheticUnit Hydrographs

In most dradinhage basins rainfall runoff data from which
unit hydroegraphs can be derived is unavailable, thus a
synthetie unitshydrograph must be derived. The U.S. Soil
ConservationtService (SCS) has developed a method of
hydrograph synthesis which is now being widely used.

The development of the SCS unit hydrograph technique 1is

well *documented (ll). Studies by the U.S. Soil Conservation
Service over the last 30 to 35 years have resulted in
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empirical relationships hetween rainfall runoff and the
associate land use which are used in conjunction with

the SCS Unit Hydrograph Method. Each particular land

use is assigned a corresponding runoff curve number (CN),
which is an indication of the runoff potential. The
value is based on a combination of hydrological soil
aroup, treatment class and antecedent conditions.

The following are lTimitations of SCS Unit Hydrographse

1. The drainage area should be limited to 20 sqqmare
miles (51.8 Km2). If the total watershed is vedy
large, it should be broken down inte uniformly shaped
divisions with a maximumSof 20 square miles . {51.8 sz)
each.

2. The drainage areas-should jrave a conhstant CN value.

3. There should be a homogeneous «drainage pattern within
the drainage area!

4. Care should bg taken in\détermining the representa-
tive CN valge,as it awill<have a direct effect in the
hydrograph peak.

2v) SCS Tabular Hydrograph Method

This“method provides a tabular approach to estimating peak
concentration and travel time. It also develops hydrographs
for ‘each siub-drainage area and then routes them through the
wateprshed area resulting in a composite hydrograph at the
outfall. This method can readily predict the increase in
peak flow when all or a portion of the watershed is to be
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developed. The SCS tabular method is described along with
examples of applications in SCS Technical Release No. 55 (12).

3.) Simplified Equivalent Trianqular Hydrograph

A normal curvilinear hydrograph can usually be represented
by an equivalent triangle as shown in Figure IV-B-5, Both
graphs represent the same amount of runoff and the §ame

time to peak; therefore, for practical purposes thg& triangle
is an adequate representation of the curvilinearfigraph.

NORMAL CURVILINEAR
HYDROGRAPH

TRIANGULAR
APPROXIMATION

DISCHARGE —

TIME s

FIGURE IV-B-5 TRIAMGULAR APPROXIMATION OF
RUNOFF HYDROGRAPH '
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The simplified hydrograph procedure is based on an assumed
triangular hyetograph as previously described in this
chapter. Abstractions are applied from information using
SCS curve numbers or guidance provided by local experience.

Assuming a linear watershed response (i.e., the area con-
tributing to runoff increases more or less uniformly up
to the time of concentration), a triangular distributign
of excess rainfall may be converted to an approximate
triangular runoff hydrograph as shown in Figure IV-B=6.
The peak runoff is equal to the maximum average meffective
rainfall intensity over the time of concentration and is
shifted to the right (1 - a°) t, units.

The peak runoff in cfs (m3/sec) is determined fyrom the

equation:

t
= Y 5
Qp Ip (1 2b) A
Where Ip = Maximum effective rainfall intensity

ininches/ hour {(mm/hr.)
A>=» Aredof Jthe drainage basin in acres
7 =d1me of concentration in minutes, and

bv= Duration of effective rainfall in
minutes (b;tc).

The“lengthening of the time base, A, is given by

t

A = ¢ b
iZb—tC5



RUNOFF
HYDROGRAPH

RAINFALL
EXCESS

FIGURE IV-B-6 RELATIONSHIP BEFWEEN SIMPLIFIED
TRIANGULAR PLOT OF RAINFALL EXCESS
AND JTRIANGULAR RUNOFF HYDROGRAPH

Example

Assume thevfollowing:
Drainage larea = 6 acres (0.156 sz)

DesignsStorm Frequency (Return Period) = 10 years

2 hours

a 0.33
Rainfall Depth, D 3.63 inches (92.2mm)
Time of Concentration, tC = 30 minutes

Duratdoen of Storm

]

1

Infiltration rate of drainage area:
Initial = 1 inch/hr. (25.4mm/hr.)
Final = 1/4 inch/hy. (6.4mm/hr.)
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Step 1

Step 2

Step 3

Derive and plot the triangular hyetograph as
previously described (Figure IV-B-2).

ho= 22 23.03) - 3,63 inches/hr. (92.2 mm/hr.)
d

a =t a® = 2 hr. (60 min./hr.) (0.33) = 40 minutes

Deduct losses as shown in Figure IV-B-7. (The
resulting shape must be approximately a triangle.)

Scale the new time base and the maximum‘effective
rainfall intensity.

b = 105 minutes
1

p ® 2.9 inches/hr¢)(73.7 mmphv.)

40

/\\
/ . Noté: linch = 25.4 mm
. 1

I 7RAINFALL
EXC%S@
——b=|O5 Min

ow
o

Rainfoll Intensity, in Inches per Hour
N
[o
——

1.0 _~~-/ \\\
H - LO@/Z i74 1n./H

o 1/ 77/}7/‘ /] /:;ZZ% Sl
0 25 50 75 109 125 150

Time, ih minutas

FIGURE IV-B-7 TRIANGULAR HYETOGRAPH SHOWING
PEAK RAINFALL INTENSITY



Step 4

Compute Qp, and the time to peak.

t
_ C

0 = I, (1 - 55) A
= 2.9 (1 - -5—13—8—) 6 = 14.9 cfs (0.417 m/sec)

H

30 )

c _ _ .
(?ET?:) b = (s15o3g) 105 = 17.5 minutes

Time to peak = 40 + (1-0.33)(30)
= 60 minutes

Plot the triangular runoff hydrograph usinggthese
parameters (Figure IV-B-8a).

The cumulative runoffycurve (5 determiwned by summing
the area under thé~triangular hydweograph from left
to right and plotting #ahe/resulfs™as a function of
time (Figurel ™W-B-8hK).

Runoff hydrographs will differ depending on the storm dura-

tion chosen. The desjigner may need to investigate various

types of storms in,s¥zing an\underground disposal system.

do

Computer ModeWlhing

In recent\ywears computer models have been developed to
aid thé designerNin his analysis of the hydroloagical and
hydrauhic analyses of drainage systems. Of the numerous

medels available today, the ones listed below are believed

to"be most applicable in the generation of runoff for the

designm0f subsurface disposal facilities:
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SWMM: A sophisticated hydrologic and hydraulic
simulation model used primarily for complex
urban drainage systems.,

ILLUDAS: A simulation model with the capacity of
accurately simulating the runoff from urban
areas, but continuing a relatively simple
routing procedure for pipe flow.

HYMO: A model well-suited for generating runoff
from rural or undeveloped Tlands (may “aTso
be used in urban areas) based on .the SCS
CN runoff parameters, but with,a medified
unit hydrograph protedure.

4, Summary

This chapter has prowided a bhrief overyiew on the hydrol-
logy involved in estimating\storm water runoff for under-
around disposal system§ .\ A reference 1ist is provided at
the end of this section,to allowthe designer to obtain
additional information on methdds and techniques which he
feels are applicable to his/study area. Particular design
applications arencontafined in Chapter IV-C.

Table IV-B~3 summarizes the characteristics and application

of thelmethodsseovered in this chapter, to assist the
designer in the selection of the appropriate method.
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TABLE IV-B-3

RUNOFF MODELS

REQUIRED
METHOD DRAINAGE AREA THFORINATION VARIABLES QUTPUT APPLICATIUNS

RATIONAL < 20 acres (APWA Land Cover Runoff Coefficient Peak Flows MWinor and Hajor Storm
METHOD Spec. Rep. No. 43) Time of Concentration (C) System=Design

<500 acres (FHWA) 1DF Curves

<1000 sq. mi. Rainfall and Hydrograph Fhoods Flows
UNIT Tonly daily rain- Streamflow Maler Storm System
HYDROGRAPH fall and average Records Storage Volumes

daily discharge)

Up to 5000 sq. mi,

(extensive records)

Up to 20 sq. mi. Soil Type Runoff Curve Flood Flow
SCS if large water- Rainfall Hyetograph No . (CN) Hydrogfaph Minor and Major Storm
UNIT shed, break down Time of Concentration Runo®f (Q) inches Systems
HYDROGRAPH to 20 sq. mi. >V.5y CN >60 Storage Volumes

Sections )

Up to 20 sq. mi. Soil Type Runoff Cdwve Flood Flows
SCS if large water- 24 Hr, Cumulative No. (CNY Hydrograph Major Storm System
TABULAR shed, break down Rainfall Accountsy for Hydro- Storage Volumes
METHOD to 20 sq. mi. Time of Concentrdtion logicalsAbstrations

sections
SCS <20 sqg. mi. Soil Type Runoff Curxve Flood Peaks
GRAPHICAL Cumulative No. (CN) Peak Flow Minor and Major Storm
METHOD Rainfall Runof£-% Q9 inches Systems

>1.5 WCNWw60

COMPUTER Dependent on See Users Sae Users Hydrographs Trouble Shooting
MODELLING capacity of Manual Manual Design of Minor

program and Major Storm Systems

Storage Volumes

RATIONAL <20 Acres Landcover Runoff Storage Detention and Infiltration
MASS . I0F Qurves Coefficient (C) Volume Facility
INFLOW Spec. Rep. #43 Design
SIMPLIFIED Sod1 Type Runoff Curve Hydrograph Small Storaqe and
EQUIVALENT <200 Acres Railfa¥g Hye tbgraph No. (CN) varograp Infiltration Facility
TRIANGULAR Time of(Concentration Punoff (0) inches Design
HYDROGRAPH >1.5 CN>60
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C. DESIGN OF STORM WATER COLLECTION AND DISPOSAL SYSTEMS

1. Methods of Collecting Storm Water

Surface runoff can be collected at either a point or along
a linear collector. The point collector can consist of a
catch basin, inlet, small pond, or basin. A linear
collector can be a swale, ditch, curb and gutter, or
perforated or slotted pipe.

2. Methods of Disposal of Collected Storm.dlaten

a. Positive Systems

Any system that conveys accumulated drunoff divrectly to a
stream, canal, river, lakey sea, ox“ocean (isyconsidered

a positive system. Thésevwould( include normal outfall
systems such as underground _pipes, box culverts, and open

or covered trenches Yor ditches. Pipe~“sizing and design
specifics of such systemsnare net\within the scope of this
manual. However, for'detailed information refer to a
hydraulics textbook or agencyspublication on storm drainage.
A few of many reférencessavailable on the subject are Tlisted
at the end of~lhapter LV=B.

b.. Infiltration Systems

There are three basic types of infiltration systems: basins,
vertical wel's or pits, and trenches. Each has a particular
"Yest area of use”, dependent upon situation and conditions.
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