APPENDIX E

Chapter 5
of the Florida Development Manual: A Guide to Sound Land and Water Management (June 1988)

(Guidance on the use of the Modified Rational Hydrograph Method; referenced in section 4.5.2 of
Volume Il

DEP-NWFWMD ERP AH Volume II Appendix E [Effective date]



Chapter 5

This chapter provides a basic introduction to stormwater hydrology and how
the stormwater treatment volume can be estimated. The Rational Method and
its assumptions, misconceptions, limitations and components is discussed.
Additional procedures for calculating detention storage volume, flood routing

and exfiltration drawdown can be found in the descriptions of stormwater BMPs
in Chapter 6.
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CHAPTER 5
CALCULATIONS TO ESTIMATE RUNOFF

INTRODUCTION

To convert precipitation to stormwater runoff, hydrologic calculations are
used to quantify precipitation losses which occur as part of the hydrologic
cycle. Typically, stormwater management calculations only consider
infiltration, interception and surface storage losses, since short time
scales will render losses from evaporation and transpiration insignificant.

A wide variety of procedures have been developed to estimate runoff volume,
peak discharge rate and to route the runoff through stormwater management
systems. This chapter discusses only a few methods which are acceptable for
estimating the runoff treatment volume required to meet the water quality
objectives of the Stormwater Rule. To obtain a greater understanding of
hydrologic methods, especially those used in designing stormwater systems to
achieve flood protection purposes, the reader is urged to obtain the
following documents:

1. "Urban Hydrology for Small Watersheds", Technical Release 55 (TR55),
USDA-Soil Conservation Service, 1986.

2. Drainage Manual, Florida Department of Transportation, 1987.

3. National Engineering Handbook, Section 4-Hydrology, USDA-Soil
Conservation Service, 1985,

GENERAL PROCEDURE

To meet the water quality objectives of the Stormwater Rule, it is vital that
the first flush of pollutants be captured and treated. Many of the methods
used to estimate runoff will under estimate runoff volumes because of various
factors (e.g., abstraction losses). Therefore, to assure that the first
flush is captured and treated, the easiest method to determine the stormwater
treatment volume is simply to multiply the project size or contributing
drainage area times the treatment volume.

EXAMPLE 5-1: What is the treatment volume for a 50 acre subdivision?
a. Retention treatment

(50 ACRES) (0.5" RUNOFF) _ 2.08 AC-FT
12 :

b. Detention treatment

(50 ACRES) (1.0" RUNOFF) _ 4 17 Ac-FT
12 |
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Appendix 5-1 contains an analysis and discussion of the ability of various
hydrologic methods to estimate the runoff treatment volume. As will be seen,
the rational method is recommended.

RATIONAL METHOD

The Rational Formula is the most commonly used method of determining peak
discharges from small drainage areas. This method is traditionally used
to size storm sewers, channels and other stormwater structures which handle
runoff from drainage areas less than 200 acres.
The Rational Formula is expressed as Q = CiA [Eq 5-1]

where:

Q = Peak rate of runoff in cubic feet per second.

C

Runoff coefficient, an empirical coefficient representing a
relationship between rainfall and runoff.

i = Average intensity of rainfall in inches per hour for the time of
concentration (T¢) for a selected frequency of occurrence or
return period.

Tc = The rainfall intensity averaging time in minutes, usually
referred to as the time of concentration, equal to the time
required for water to flow from the hydraulically most distant
point in the watershed to the point of design.

A = The watershed area in acres.

The assumptions, Timitations and misconceptions of the Rational Formula will
be discussed in hope that the reader will obtain a better understanding of
the proper use of the formula. Much of the following discussion is from
Rossmiller (1980). Users of the rational formula are urged to read this
paper.

Assumptions and Misconceptions

Assumptions and misconceptions are grouped together because an assumption
used in the Rational Formula might in itself be a misconception. Several
assumptions are listed below with each followed by a brief discussion.

1. The peak rate of runoff at any point is a direct function of the
tributary drainage area and the average rainfall intensity during

5- 2
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the time of concentration to that point. This is the rational
formuTa stated in words and forms the basic assumption for
Kuichling's 1889 paper. Neither sufficient rainfall nor runoff
records are available to test this hypothesis.

2. The return period of the peak discharge rate is the same as the
return period of the average rainfall intensity or rainfall event.
While watershed-related variations may cause this relationship to
break down, this assumption is widely used in methodologies for
estimating peak flows or hydrographs.

3. The rainfall is uniformly distributed over the watershed. Whether
this assumption is true depends upon the size of the watershed and
the rainfall event,

4, The rainfall intensity remains constant during the time period
equal to T.. Based on rainfall records, this assumption is true
for short periods of time (a few minutes), but becomes less
true as time increases. In turn, this assumption has led to a
common misconception that the duration of the storm is equal to
Tc. This is theoretically possible but it is much more common
for the total storm duration to be considerably longer than Tc.

0f equal importance is the concept that T. (the rainfall
intensity averaging time) can occur during any segment of the total

storm duration--at the beginning; before, during or after the
middTe portion; or near the end. This concept has important
implications for the runoff coefficient C and how well the Rational
Formula mirrors the hydrologic cycle. If T occurs at the
beginning of the storm, then the antecedent moisture conditions
become important. If T, occurs near the end of a long storm,

then the ground may be saturated and depression storage already
filled when T. begins.

5. The relationship between rainfall and runoff is linear. If
rainfall is doubled then runoff is doubled. This is not accurate
because of all the variables which interact and determine runoff.
In fact, one of the major misconceptions in the use of the formula
is that each of the variables (C, i, A) is independent and
estimated separately. In reality, there is some interdependency
among variables; however, the aids used in estimating the variables
do not recognize such a relationship.

6. The runoff coefficient, C, is constant for storms of any duration
or frequency on the watershed. This 1s a major misconception of
many who use the Rational Formula. C is a variable and during the
design of a stormwater system, especially a storm sewer, it should
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take on several different values for the various segments even
though the land use remains the same,

Limitations of the Formula

The major limitation is that the Rational Formula only produces one point on
the runoff hydrograph--the peak discharge rate. When basins become complex,
and where sub-basins combine, the Rational Formula will tend to over estimate
the actual flow. The over estimation will result in the oversizing of
stormwater management systems.

When the formula is used for larger developments as a basis for establishing
predevelopment flow rates which are to define the restrictions needed for
peak rate control, higher flow rates are likely to be obtained than actually
occur. The implication of this is that greater flow rates will then be
allowed after development, resulting in less on-site flow reduction being
required and higher post-development flow rates. This condition can
adversely affect downstream property owners.

The average rainfall intensities used in the method bear no time sequence
relation to the actual rainfall pattern during a storm. The intensity-
duration-frequency curves prepared by the Weather Bureau are not true
sequence curves of precipitation but are developed from data on peak rainfall
intensities of various duration. For example, an intensity of one inch per
hour may occur for various durations at various frequencies (e.g. 25 minute
duration for a 5 year return period; 45 minute duration for a 25 year return
period). In neither case does this analysis deal with any part of the total
storm other than the peak, nor does the formula differentiate between an
intense summer thunderstorm or a winter frontal storm. This weakness becomes
especially glaring in the design of stormwater systems since the design
storms specified by local governments are usually large, long duration
events.

The method assumes that the rainfall intensity is uniform over the entire
watershed. This assumption is true only for small watersheds and time
periods, thus 1imiting the use of the formula to small watersheds. Whether
"small" means 20 acres or 200 acres is still being .debated.

Finally, one of the most important limitations is that the results are
usually not replicable from user to user. There are considerable variations
in interpretation and methodology in the use of the formula. The simplistic
approach of the formula permits, and in fact, requires, a wide latitude of
subjective judgement in its application. Each firm or agency has its
favorite Tc formula, its favorite table for determining C, and its own
method for determining which recurrence interval is to be used in certain
situations.

o~ 4
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Components Of The Rational Formula

1. AREA

The drainage area, in acres, tributary to any point under consideration in a
stormwater management system must be determined accurately. Drainage area
information should include:

a. Land use - present and predicted future - as it affects degree of
protection to be provided and percentage of imperviousness.

b. Character of soil and cover as they may affect the runoff
coefficient.

c. General magnitude of ground slopes which, with previous items above
and shape of drainage area, will affect the time of concentration.
This includes information about individual lot grading and the flow
pattern of runoff along swales, streets and gutters.

2.  RAINFALL

The determination of rainfall intensity, i, for use in the Rational Formula
involves consideration of three factors:

a. Average frequency of occurrence.

b. Intensity-duration characteristics for a selected rainfall
frequency.

c. The rainfall intensity averaging time (T.).

The critical storm duration, that which will produce the peak discharge of
runoff, is the duration equal to the rainfall intensity averaging time. The
average frequency of rainfall occurrence used for the design of the
stormwater system determines how often the structure will become inadequate
and will not serve the protective purpose for which it was designed.

3. C, THE RUNOFF COEFFICIENT

The runoff coefficient, C, is expressed as a dimensionless decimal that
represents the ratio of runoff to rainfall. Except for precipitation, which
is accounted for in the formula by using the average rainfall intensity over
some time period, all other portions of the hydrologic cycle are contained in
the runoff coefficient. Therefore, C includes interception, infiltration,
evaporation, depression storage and groundwater flow. The variables needed
to estimate C should include soil type, land use, degree of imperviousness,
watershed slope, surface roughness, antecedent moisture condition, duration
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and intensity of rainfall, recurrence interval of the rainfall, interception
and surface storage. The fewer of these variables used to estimate C, the
less accurately the rational formula will reflect the actual hydrologic
cycle,

The use of average runoff coefficients for various surface types is common.
In addition, C is assumed to be constant although the coefficient will
increase gradually during a storm as the soil becomes saturated and
depressions become filled. A suggested range of runoff coefficients is shown
in Table 5-1. These coefficients are only applicable for storms of 5 to 10
year return frequencies and they were originally developed when many streets
were uncurbed and drainage was conveyed in roadside swales (grassed
waterways). For recurrence intervals longer than 10 years, the indicated
runoff coefficients should be increased since nearly all of the rainfall in
excess of that expected from the 10 year storm will become runoff.

4. Tc, THE RAINFALL INTENSITY AVERAGING TIME

Tc is usually referred to as the time of concentration. However, rainfall
intensity averaging time more accurately defines the reason for and the use
of this variable. T, is not the total duration of a storm, but is a period
of time within some total storm duration during which the maximum average
rainfall intensity occurs.

Travel time (T¢) is the time it takes water to travel from one location to
another in a watershed. The rainfall intensity averaging time (Te) is
computed by summing all the travel time for consequtive components of the
stormwater conveyance system.

Several factors will affect the time of concentration and the travel time.
These include:

SURFACE ROUGHNESS -One of the most important effects of urbanization on

flow velocity is less retardance to flow. Undeveloped areas have very slow
and shallow overland flow through vegetation which becomes modified by
development. The flow is then delivered to streets, gutters and storm sewers
that transport runoff downstream more rapidly thus decreasing travel time
through the watershed.

CHANNEL SHAPE AND FLOW PATTERNS - In small rural watersheds, much of the
travel time results from overland flow in upstream areas. Typically,
urbanization reduces overland flow lengths by conveying stormwater into a
channel as soon as possible. Since channel designs have efficient hydraulic
characteristics, runoff flow velocity increases and travel time decreases.
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TABLE 5-1
RUNOFF COEFFICIENTS2 FOR A DESIGN STORM RETURN PERIOD
OF TEN YEARS OR LESS

SANDY SOILS CLAY SOILS

SLOPE LAND USE MIN. MAX. MIN.  MAX.
Flat Wood1ands 0.10 0.15 0.15 0.20
(0-2%) Pasture, grass, and farmlandD 0.15 0.20 0.20 0.25
Rooftops and pavement 0.95 0.95 0.95 0.95

Pervious pavements€C 0.75 0.95 0.90 0.95

SFR: 1/2-acre Tots and Tlarger 0.30 0.35 0.35 0.45

Smaller lots 0.35 0.45 0.40 0.50

Duplexes 0.35 0.45 0.40 0.50

MFR: Apartments, townhouses & condominiums 0,45 0.60 0.50 0.70

Commercial and Industrial 0.50 0.95 0.50 0.95

Rolling Woodlands 0.15 0.20 0.20 0.25
(2-7%) Pasture, grass, and farmlandP 0.20  0.25 0.25 0.30
Rooftops and pavement 0.95 0.95 0.95 0.95

Pervious pavementsC . 0.80 0.95 0.90 0.95

SFR: 1/2-acre lots and larger 0.35 0.50 0.40 0.55

Smaller lots 0.40 0.55 0.45 0.60

Duplexes 0.40 0.55 0.45 0.60

MFR: Apartments, townhouses & condominiums 0.50 0.70 0.60 0.80

Commercial and Industrial 0.50 0.95 0.60 0.95

Steep WoodTands 0.20 0.25 0.25 0.30
(7%+) Pasture, grass, and farmlandd 0.25 0.35 0.30 0.40
Rooftops and pavement 0.95 0.95 0.95 0.95

Pervious pavementsC 0.85 0.95 0.90 0.95

SFR: 1/2-acre lots and larger 0.40 0.55 0.50 0.65

Smaller lots 0.45 0.60 0.55 0.70

Duplexes 0.45 0.60 0.55 0.70

MFR: Apartments,townhouses & condominiums 0.60 0.75 0.65 0.85

Commercial and Industrial 0.60 0.95 0.65 0.95

Source: FDOT (1987)

aWeighted coefficient based on percentage of impervious surfaces and green areas
must be selected for each site.

bCoefficients assume good ground cover and conservation treatment.

CDepends on depth and degree of permeability of underlying strata.

NOTE: SFR = Single Family Residential; MFR = Multi-Family Residential

For recurrence intervals longer than ten years, the indicated runoff coefficients
should be increased, assuming that nearly all of the rainfall in excess of that
expected from the ten year recurrence interval rainfall will become runoff and should
be accommodated by an increased runoff coefficient.

The runoff coefficients indicated for difference soil conditions reflect runoff
behavior shortly after initial construction. With the passage of time, the runoff
behavior in sandy areas will tend to approach that in heavy soil areas. If the

designer's interest is long-term, the reduced response indicated for sandy soil areas
should be disregarded.
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SLOPE - Slopes may be increased or decreased by urbanization, depending

on the extent of site grading or the extent to which swales and storm sewers
are used in the stormwater management system. Slope will tend to increase
when channels are straightened and decreased when overland flow is directed
through storm sewers or street gutters.

Water moves through a watershed as sheet flow, shallow concentrated flow,
open channel flow or some combination of these. The type of flow that occurs
is a function of the conveyance system.

Travel time (Ti) is the ratio of flow length to flow velocity:

Tt = 365% v (Eq 5-2]
where
Tt = travel time (hr)
L = flow Tength (ft)
V = average velocity (ft/s)
3600 = conversion factor from seconds to hours

Time of concentration (T.) is the sum of Tt values for the various
consecutive flow segments:

Te = Tep + Tz + .o + Ty [Eq 5-3]
where

Tc = time of concentration (hr)
M = number of flow segments

SHEET FLOW is flow over plane surfaces which usually occurs in the
headwaters of streams. With sheet flow, the friction value (Manning's n) is
an effective roughness coefficient that includes the effect of raindrops
impact; drag over the plane surface; obstacles such as litter, crop ridges
and rocks; and erosion and transportation of sediment. Table 5-2 gives
Manning's n values for sheet flow (depths of about 0.1 foot) for various
surface conditions.

For sheet flow of less than 300 feet, use Manning's kinematic solution to
compute Tg:
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Tt - 0-0g75(25)2°8 [Eq 5-4]
2 L ] L ]

where
Ty = travel time (hr)
n = Manning's roughness coefficient (Table 5-2)
L = flow length (ft)
Po> = 2 year, 24-hour rainfall (in)
S = slope of hydraulic grade 1ine (ft/ft)

This simplified form of the Manning's kinematic solution is based on the
following:

1. Shallow steady uniform flow.

2. Constant intensity of rainfall excess.

3. Rainfall duration of 24-hours.

4. Minor effect of infiltration on travel time.
After a maximum of 300 feet, sheet flow usually becomes SHALLOW
CONCENTRATED FLOW.  The average velocity for this flow can be determined
from Figure 5-1, in which average velocity is a function of watercourse slope
and type of channel. For slopes less than 0.005 ft/ft, the average velocity
can be calculated from the following equations:

16.1345 (530-5 [Eq 5-5]
20.3282(5)0-5

UNPAVED v
PAVED v

These two equations are based on the solution of Manning's equation (Eq.5-6)
with different assumptions for n and r. For unpaved areas, n is 0.05 and r
is 0.4; for paved areas n is 0.025 and r is 0.2.

After determining the average velocity in Figure 5-1 or Equation 5-5, use
Equation 5-2 to estimate travel time for the shallow concentrated flow
segment,

OPEN CHANNELS are assumed to begin where surveyed cross-section

information has been obtained, where channels are visible on aerial
photographs or where blue lines (indicating streams) appear on USGS
quadrangle sheets. Manning's equation or water surface profile information
can be used to estimate average flow velocity. Average flow velocity is
usually determined for bank-full elevation.
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Figure 5-1
Average velocities for estimating travel time for shallow concentrated flow.

5- 10
AH. Volume Il Chapter 5 Florida Development Manual
Appendix E-1



Manning's equation is

V = 1.49 p2/3 s1/2 [Eq.5-6]
n
where

V = average velocity (ft/sec)

r = hydraulic radius (ft) and is equal to a/pw

a = cross sectional flow area (ft2)
Pw = wetted perimeter (ft)

s = slope of the hydraulic grade line (ft/ft)

N = Manning's roughness coefficient for open channel flow

Manning's n values for open channel flow can be obtained from Table 5-2.
Standard textbooks such as Chow (1959) or LinsTey et.al (1982) also may be
consulted to obtain Manning's n values for open channel flow. Manning's n
valves for other conditions can be found in Tables 5-3 through 5-5. After
average velocity is computed using Equation 5-6, Tt for the channel segment
can be estimated using Equation 5-2.

EXAMPLE 5-2

The sketch below shows an urbanized watershed in Leon County, Florida. The
problem is to compute Tc at the outlet of the watershed: (point E). The 2
year 24-hour rainfall depth is 4.8 inches (Figure 5-2). Four types of flow
occur from the hydraulically most distant point (A) to the point of interest
(E). To compute T., first determine Tt for each segment based on the
following data:

B 1400 C

3000
s/ - — D__ 2000 E

(]

SLOPE LENGTH
REACH DESCRIPTION OF FLOW (PERCENT) (FEET)
A to B Sheet flow; dense grass 1 100
B to(C Shallow concentrated; unpaved 1 1400
CtoD Channel flow; Manning's n = 0.05 .5 3000

a =27 ft2, p, = 28.2 ft

DtoE Storm sewer; Manning's n = 0.015 1.5 2000

diameter 3 ft
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As seen in Figure 5-3a, SCS Worksheet 3 can be used to compute steps 1, 2 and
3 below:

1. Compute sheet flow travel time.

2 Compute shallow concentrated flow.
3. Compute channel flow.
4

Compute storm sewer travel time - use Manning's equation to compute
pipeful velocity:

V= 1.49 (D>2/3 s1/2

= =

7

= 1.49 (?)2/3 (0.015)1/2

0.0I5 \Z

10 ft/sec

L 2000
3600 v = 3600 (10) - 0.0555 hr

Tt

—
[g]
1

=Tyl + Te2 + T3 + Tt4
0.256 + 0.240 + 0.406 + 0.056

.958 hr (57.5 minutes)

Figure 5-3b is a blank worksheet for determining the time of concentration or
time of travel,

HOW TO USE THE RATIONAL FORMULA

The general procedure for determining peak discharge with the Rational
Formula is:

Step 1 - Determine the drainage area (in acres).

Step 2 - Determine the runoff coefficient, C, for the type of soil/
cover in the drainage area (Table 5-1). If land use and soil
cover are homogeneous over the drainage area, a C value can be
determined directly from Table 5-1. If there are multiple soil
cover conditions, a weighted average must be performed (see
Example 5-3).
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TABLE 5-2
ROUGHNESS COEFFICIENTS (MANNING'S n) FOR SHEET FLOW

SURFACE DESCRIPTION n
Smooth surfaces (concrete, asphalt, gravel or bare soil) ....... 0.011
Fallow (N0 residue) vuiueiiiinreninernnneeeneeenceneneronannnenn, 0.05
Cultivated soils:

Residue COVEr C20% uuivinuveneeneneneeenenneennsenneennnenns 0.06

Residue COver >20% ..uivevieeeeneenernseensencsseonnnseennnns 0.17
Grass:

ShOrE grass Prairie vuveeeeeeeseeeeeseeneseneeeenoneesnnennnns 0.15

Dense grassesl L. i iiiiiiiiii 0.24

BErMUdAgraSS tuetiiieiinenriieieertereteanttencernerrannnn s 0.41
Range (natural) ..iuuviiiniiiiniineineeinneenneeennsseneneennenns 0.13
Woods : 2

Light underbrush ...ueiieiiiiiieeeineeeenenneennncsennnsennns 0.40

Dense underbrush ......ceveerennecenns SHNSINSITs » 2 8 2 s 8 s s 0 cconaliales 0.80

Source: SCS, 1986
11ncTudes species such as weeping lovegrass, bluegrass, buffalograss and
native grass mixtures.

2When selecting n, consider cover to a height of about 0.1 ft. This is the
only part of the plant cover that will obstruct sheet flow.

TABLE 5-3

RECOMMENDED MANNING'S n VALUES FOR ARTIFICIAL CHANNELS
WITH BARE SOIL AND VEGETATIVE LININGS

DESIGN MANNING'S

CHANNEL LINING DESCRIPTION n VALUE
Bare Earth, Fairly Uniform Clean, recently completed 0.022
Bare Earth, Fairly Uniform Short grass and some weeds 0.028
Dragline Excavated No vegetation 0.030
Dragline Excavated Light brush 0.040
Channels Not Maintained Clear bottom, brush sides 0.08
Channels Not Maintained Dense weeds to flow depth 0.10
Maintained Grass or

Sodded Ditches Good stand, well maintained 2"-6" 0.06*
Maintained Grass or

Sodded Ditches Fair strand,length 12"-24" 0.20*

*Decrease 30% for flows 20.7' depth (maximum flow depth 1.5').
Source: FDOT, 1987
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TABLE 5-4

RECOMMENDED MANNING'S n VALUES FOR
ARTIFICIAL CHANNELS WITH RIGID LININGS

DESIGN MANNING'S

CHANNEL LINING FINISH DESCRIPTION n VALUE
Concrete Paved Broomed 0.016
Concrete Paved "Roughened" - Standard 0.020
Concrete Paved Gunite 0.020
Concrete Paved Over rubble 0.023
Asphalt Concrete Smooth 0.013
Asphalt Concrete Rough 0.016

Source: FDOT, 1987

TABLE 5-5
RECOMMENDED MANNING'S n VALUES FOR CULVERT DESIGN
Concrete Pipe 0.012
Concrete Box Culver Precast or Cast-in-Place 0.012

Corrugated Metal Pipe (non-spiral flow - all corrugations):

Round 15" - 24" 0.020
Round 30" - 54" 0.022
Round 60" - 120" 0.024

Corrugated Metal Pipe (spiral flow - all corrugations):

Round 15" - 24" 0.017
Round 30" - 54" 0.021
Round 60" - 120"+ 0.024
Corrugated Meal Pipe-Arch - all sizes:
2-2/3 x 1/2 0.024
3x1 0.027
5 x 1 0.027
Corrugated Structural Plate Pipe and Pipe-Arch - all sizes:
6 x1 0.030
6 x 2 0.033
9 x 2-1/2 0.034

Source: FDOT, 1987
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Figure 5-2,
2 Year 24 Heur Rainfall
(inches)

Figure 5~2b
5 Year 24 Hour Rainfall
(inches)

Figure 5-2c¢
10 Year 24 Hour Rainfall
(inches)
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Figure 5-2d
25 Year 24 Hour Rainfall
(inches)

Figure 5-2e
50 Year 24 Hour Rainfall
(inches)
12
12
T n
12 1 1 9 910 1
=
14 A 4
N3
\"
b Figure 5-2f
B v 100 Year 24 Hour Rainfall
h 12 .
3 > (inches)
o\
HieHA s
r 14
11N/ [
11y} 14
12 .4
‘,‘ ’
AH. Volume I'I Chapter 5 Florida Development Manual

Appendix E-22

o- 16



Figure 5-3a

Worksheet 3: Time of concentration (T,) or travel time (Ty)

prosect NATUCE's Way AU.D. by EHC Date 10-1 877
Location _L&Eon) (ounTy Checked JC  Dare /0-S 877
Circle one: Present

Circle one: @ 'l't through subarea

NOTES: Space for as many as two segments per flow type can be used for each
worksheet.

Include & map, schematic, or description of flow segments,

Sheet flow (Applicable to 'Ic only) Segment ID AB

DENSE
l. Surface description (table 3=1) sececocccasss GRALS
2. Manning‘s roughness coeff., n (table 3-1) .. 0.24-

3. Flow length, L (total L < 300 ft) ceeeessne  ft | /OO

4o 'Iwo-yr 2“-hr r‘inf‘ll. Pz ssecsesuscecsssees in 4'3

5. hnd Slope, B ccecevorvrosssoccecsovsosssacnns ft/ft 0.0’

0.8

6. 'r‘ - 0'_0871(_"10‘_)‘_. mnputg Tt veomos hr 0.25‘ + = 0025‘

| SR

2
Shallow concentrated flow Segment ID B&
7. Surface description (paved or unpeved) .c.ee UVPAVED
8. Flow length’ L ccencncsevccanncesconssssssss fr 14-00
9, Watercourse SlOPE, 6 sscccsssssssssssecnsasss FL/fL 0.0]
10. Average velocity, V (figure 3=1) .csescusses ft/s ’L’

-t __ 0.24 |+ = 0.2¢0

1l. Tt 3600 V Compute 'It sessus hr
Channel flow Segment ID [

12, Cross sectional flow BTrea, & ccecccccscsccse ftz 2'7

13. Vetted perimeter, P cccccesccnssssssscscsscs ft Z8.2

14, Hydraulic radius, r -;‘- Compute T cessess ft 0'957
w
15, Channel 8l0PE, B sccscsccvrcocrssessrssnncanss fL/EE 0'.005

16, Manning’s roughness coeff., N sessscossvsnse 0.05
2/3 172
17. Ve 1.49 rn £ Conpute V soecsen ft/‘ 2'05
18, TFlow 1€ngth, L secovvccosossavccssccsssnssss ft 3000
-t ] + =0, 406
19, Tt 3600V Compute ‘It cosees hr 04oé>

20. Watershed or subares 'rc or '.t't (add 'rt in steps 6, 11, and 19) .cveeee hr 0.9 02

Ao Swem Sewse FLow + 0.05b

0.-958
Source: USDA-SCS (1986)
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Figure 5-3b

Worksheet 3: Time of concentration (Tc) or travel time Ty

Project By Date

Location Checked Date

Circle one: Present Developed

Circle one: T Tt through subarea

c

NOTES: Space for as many as two segments per flow type can be used for each
worksheet,

Include a map, schematic, or description of flow segments.

Sheet flow (Applicable to Tc only) Segment ID

1. Surface description (table 3-1) ceccacoscass

2. Manning’s roughness coeff., n (table 3-1) ..

3. Flow length, L (total L 300 £t) seceecrsss ft

4, Two=yr 24=hr rainfall, Pz esecesssescucsannae in

5. Land S10De, 8 ecccvsecsacsanncsacsccnssscsas FL/fL

6. T, = O;Og? (:g?j:i Compute T, ...... hr *

2

Shallow concentrated flow Segment ID

7. Surface description (paved or unpaved) .....

8. Flow length, L cocevcscsccsesssssscacoscosss ft

9., Watercourse SlOpPE, 8 secscccesccssssccessoss FL/EL

10. Average velocity, V (figure 3=1) ..ceeceases ft/s

1. T, -STBW Compute T, «evee. hr &
Channel flow Segment ID

12, Cross sectional flow area, @ ceccsesscsssssce ft2

13, Wetted perimeter, Py eovessscscscsrecsncrecs ft

14, Hydraulic radius, r = ;3' Compute I esccecses fr

15. Channel 8l0pP€, 8 cuscecssaccossssnssssssnsss LfL/fL

16. Manning’s roughness coeff., N cecsecscccscss

17, v = 149 ’:/3 o!/2 Compute V .oen.. f£t/s

18, Flow length, L ccccuecsssscescccccnccscanses ft

19. T, = gpis Compute T, ...... hr *

20. Watershed or subarea Tc or Tt (add 'I‘t in steps 6, 11, and 19) ..seee. hr

AH. Volume '] Chapter 5 Florida Development Manual
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Step 3 - Determine the rainfall intensity averaging time, T, in
minutes for the drainage area (time required for water to flow
from the hydraulically most distant point of that tributary
watershed which produces the greatest discharge to the point of
design). Example 5-2 illustrates how to calculate the time of
concentration, T..

Step 4 - Determine the Rainfall Intensity Factor, i, for the
selected design storm.

This is done by using the Rainfall Intensity - Frequency -
Duration charts (Figures 5-4 through 5-15). Select the chart
for the locality closest to your project site. Enter the
"Duration" axis of the chart with the calculated time of
concentration, T.. Move vertically until you intersect the
curve of the appropriate design storm, then move horizontally
to read the Rainfall Intensity Factor, i, in inches per hour.

Step 5 - Determine the peak discharge (Q - in cubic feet per second)
by multiplying the previously determined factors.

Q = CiA
Example 5-3
Given: Drainage Area: 80 acres

30% - Rooftops (24 acres)

10% - Streets & Driveways (8 acres)

20% - Lawns @ 5% slope (16 acres) on sandy soil
40% - Woodland (32 acres)

Time of Concentration (T:) = 15 min.

Location: Tallahassee, Florida

Find: Peak runoff rate from 10-year frequency storm.

Solution: 1. Drainage Area = 80 acres (given)

2. Determine runoff coefficient (c)

o- 19
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Perform Weighted Average

Area X C from Table 5-1
Rooftops 24 X .90
Streets 8 X .90
Lawns 16 X .15
Wood1and 32 X .10

80

_ 34.4 _
C - —8'0_ = .43

3. Time of Concentration (T.) = 15 min. (given)

4, Determine Rainfall Intensity Factor (i)
(i) = 6.2 in/hr (from Figure 5-6)

5. Q= C(i)(A)
Q = .43(6.2)(80) = 213.3 cfs
5- 20
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RAINFALL INTENSITY IN INCHES PER HOUR

VOLUME 2—PROCEDURES Florida Department of Transportation Drainage Manuat
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Rainfall Intensity-Duration-Frequency Curves for Zone 1
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RAINFALL INTENSITY IN INCHES PER HOUR
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RAINFALL INTENSITY IN INCHES PER HOUR
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FIGURE 5-9

Rainfall intensity-Duration-Frequency Curves for Zone 5
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FIGURE 5-13

Rainfall Intensity-Duration-Frequency Curves for Zone 9

5- 30
Chapter 5 Florida Development Manual
Appendix E-36

A.H.Volume Il



VOLUME 2—PROCEDURES Florida Department of Transportation Drainage Manual

5T 1° 15
— -1 5
“9) S e SN A N1 - - - 11000 10
8 I T '“-...“\ S —j 9
7 P~ \"\;\"\\\\g —| -t -t} - =1 2 Year 8
SR TR = T o q’
6 B : 16
PETNENSNCEE 1=
T 5 R Wy Vi =
8 ey ol by LR : =N
2 - N N K o8
[ 4 4 == = s ] __T;.: - x .; 3 "‘: 4
w F—§.7]- - . L= g - Y =
o. F—{—1- -1 - T 3
¥ 3= N - I - ‘; 3
g e o o o > = - HH
-z- 2)T- (- - T - 2
7] 41
Z 1111 N -] .
ig 11
[
Z -—- =1 -
410 . 10
g 9f- 9
s S S Y ;
zZ 8= 8
< 7 NEASA -1
[+ SRR et I \\‘ h = 7
6 - NN NN -
AR : A [ D R N NI THIHE N
°E ZONE 10 SiER
- 7 N : N :
—{-1 1 : o) [N S NN th I
=l . hNENEEN "
Atk — S N _ qf L AN LS 4
Sl T u | ELEER . PRI
== —111-H - === = = - e E N e R
— . N =y P S (S S N T1TThH e 1. ™ N NI =
3E - 1 L - - PR 3
= ] - 1 o - MLE
A i =t =T e 11 -
= H |- : L EHHRE
2

8 10 15 20 30 40 50 60 2 3 4 5 10 15 20 24
L — —— MINUTES I HOURS J

DURATION

FIGURE 5-14

Rainfall Intensity-Duration-Frequency Curves for Zone 10
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FIGURE 5-15
Rainfall Intensity-Duration-Frequency Curves for Zone 11

5- 32
AH. Volume I I Chapter 5 Florida Development Manual
Appendix E-38



APPENDIX 5-1
CALCULATING STORMWATER TREATMENT VOLUME

The intent of the Stormwater Rule is to obtain 80 to 90% pollutant removal
from stormwater discharges. The pollutant removal efficiency of any system
is difficult to accurately predict since the treatment ability of any BMP is
highly variable among storm events, depending upon many factors which
fluctuate independently with time and location. However, the average annual
removal of various pollutants can be estimated based on two of the more often
studied properties of storm events and runoff waters. These properties are
the frequency distribution of rainstorm volumes and the first flush of
pollutants.

The requirements in the Stormwater Rule are based on a statistical analysis
of Florida rainfall data and field investigations of the first flush
undertaken in Florida. Nearly 90% of all storm events that occur in any
region of Florida during a given year will provide one inch of rainfall or
less (Table 5A-1). These storms account for over 75% of the total annual
volume of rain. If the concentrations of pollutants are relatively constant
with time during the course of a storm as has been observed in large
watersheds then the percentage mass of pollutants removed would be
proportional to the fraction of yearly runoff waters which are treated.
However, first flush effects, in which the amount of pollutants are greater
during the early part of a storm, occur in small urbanized drainage areas
(Figure 5A-1). Thus, the infiltration of the first one-half inch of runoff
from watersheds less than 100 acres in size will result in the capture of at
least 80% of the annual average stormwater pollutant load.

Consequently, it is important that the first flush treatment volume be
estimated accurately and conservatively in order to achieve water quality
objectives. Table 5A-2 presents a summary of the treatment volumes estimated
by various hydrologic methods.

As may be seen, the Rational Formula, despite its deficiencies and over
simplicity which may render it undesirable for stormwater quantity
calculations, will work to estimate the first flush treatment volume.

The SCS equations will tend to under predict runoff volume from most small
storms when compared to the rational method due to the basic presumptions in
the "curve number" procedure. The SCS method assumes that runoff will occur
only when the storage (S) capacity of the watershed is exceeded. It is
postulated that the storage is directly related to the curve number (CN) as
expressed in the equation S = (1000/CN)-10. As a result, for low volumes of
rainfall (e.g. 6 inches or less, typical of storms with a return period of
five years or less) the use of the SCS curve number procedures will
underestimate runoff for most urbanizing situations. This will also reduce
the amount of the first flush pollutants that are captured and reduce the
overall treatment efficiency of a stormwater system.
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The Wanielista design equations were developed as a result of stormwater
research conducted by Dr., Martin P. Wanielista and his colleagues at the
University of Central Florida. These equations can be used to determine the
stormwater treatment volume for off line retention systems. A complete

discussion of these equations can be found in RETENTION BASINS (SW BMP
3.07).
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Table 5A-1

CUMULATIVE PROBABILITY VALUES (%)
FOR 15 FLORIDA LOCATIONS

Location Volume (in)/Probabilicy (%)
0-1/2 1.1/2=11 1=2 | 2-3 | 3-4
Niceville 68.2 B4.5 93.8417 97.7 98.4
7allahassee 70.3 83.7 94.2 98.0 96.6
Jacksonville 77.1 91.7 §7.7 99.1 99.6
Appelachicola 75.3 87.9 07.4 95.3 9%.7
Gzinesville 76.9 90.0 97.0 98.9 99.8
Daviona 75.9 B9.3 96.2 98.7 96.8
Inglis 71.1 85.1 96.6 99.2 59.8
Orlando 80.1 90.0 98.0 29.6 99.9
Tampa 76.4 89.7 97.9 99.5 99.9
Vero Beach 77.5 89.9 98.7 99.3 99.5
Clewiston 76.3 87.3 97.0 95.9 99.6
West Palm Beach 80.6 90.8 97.0 98.7 95.1
Fort Myers 70.5 86.4 95.6 ©8.4 99.6
Miami 82.7 $3.3 98.5 99.4 89.6
Key West B4.9 94.0 98.4 g¢.3 9%.6
Florida 76.4 89.0 87.0 99.0 29.6

Source: Anderson, 1982
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TABLE 5A-2

Comparison of Five Different Methods of Calculating Runoff Volume
(Ac-Ft) to Satisfy Section 17-25.,035(2)(b) Criteria

Method of ~ % Impervious
Calculation Acres 10 40 60 80 90
Santa Barbara 10 .04 .16 .35 .48 .62
Jrban Hydrograph

50 .21 .79 1.75 2.38 3.08

100 .42 1.58 3.50 4.75 6.17

200 .83 3.17 7.00 9.50 12.33

SCS Weighted Q 10 .07 .27 .39 .53 .59
50 .33 1.33 1.96 2.63 2.96

100 .67 2.67 3.92 5.25 5.92

200 1.33 5.33 7.83 10,50 11.83

Rational 10 .16 .38 .53 .67 .74
50 .79 1.88 2.63 3.33 3.71

100 1.58 3.75 5.25 6.67 7.42

200 3.17 7.50 10.50 13.33 14.83

1/2" Volume 10 .42 .42 .42 .42 .42
50 2.08 2.08 2.08 2.08 2.08
100 4.17 4,17 4.17 4,17 4.17
200 8.33 8.33 8.33 8.33 8.33

Wanielista Equation 10 .23 .25 .26 .28 .28
(80%) Efficiency
50 1.81 1.97 2.07 2.17 2.23
100 4.40 4,78 5.02 5.27 5.40

200 10.67 11.61 12.19 12.81 13.12
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APPENDIX F

Section 3.10 of Chapter 6
of the Florida Development Manual: A Guide to Sound Land and Water Management (June 1988)
(Structural Stormwater Controls SW BMP; referenced in section 6.1 of Volume II)
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SW BMP 3.10
UNDERDRAINS AND STORMWATER FILTRATION SYSTEMS

Definition

Stormwater underdrain and filtration systems usually consists of a conduit,
such as a pipe and/or a gravel filled trench, which intercepts, collects, and
conveys stormwater following infiltration and percolation through the soil,
suitable aggregate, and/or filter fabric. Many of the principles established
for “subsurface drains" discussed earlier in the chapter may also apply.

Purpose

In Florida, these systems serve one or more of the following purposes:

1) To filter a portion (normally 0.5 to l-inch) of the stormwater runoff
contained in detention facilities prior to discharge to surface waters
or other receiving waters of the state.

2) To alter the soil environment in treatment areas when not suitable for
desired vegetation; usually by regulating the period of inundation, the
water table elevation, and/or the inflow of shallow groundwater.

3) To improve the infiltration and percolation characteristics of the soil
in stormwater management facilities when permeability is restricted due
to soil texture or high water table conditions.

AH. Volume II Chapter 6 Florida Development Manual, Section 3.10
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Conditions Where Practice Applies

Underdrain systems and filters are used in combination with a variety of storm-
water management measures where space, soil permeability, and/or water table
conditions dictate that sufficient pollutant removal cannot normally be
achieved through natural percolation, sedimentation, or other means. A gravity
outlet must be available or pumping must be provided. A pumped discharge will
usually require a permit from the Department and/or Water Management District.

Planning Considerations

Underdrains and filter systems are very similar in design. They differ
slightly in their function however.

An underdrain system is intended to improve the percolation rate of the soil
and/or control the water table elevation over the entire area of a stormwater
treatment facility. Examples include the installation of a tile drainage
system in the bottom and along the banks of a detention pond, in the bottom

of a grassed waterway, or under a site used for overland flow or Tandspreading
of stormwater. Such a system would be needed when the soil has a good capacity
for percolation but has high water table conditions that otherwise prevent the
infiltration of the prescribed amount of stormwater through the soil profile of
the treatment facility.

A filtration system may also function to lower the water table in its immediate
vicinity to some extent; however, the system is not usually designed with this
in mind. Filters are normally installed in the bottom or along the banks of
detention ponds above the water table elevation. The trench or bed where
conduits are installed represent only a small part of the area of the storage
facility. The trench is usually backfilled to the surface with aggregate
material that is much more permeable than the surrounding soil. Pollutant
removal primarily occurs as the prescribed volume of stormwater passes through
the sand, gravel, and filter cloth which usually surrounds the conduit.

Filter systems may be used in situations where underdrains are not suitable.
For example, filtration is often used in combination with wet detention
facilities. Likewise, filtration may be used in situations where the natural
s0i] permeability is restrictive to percolation even when underdrained due to a
high percentage of clay or other fine material.

The selection of suitable filter material is critical to the pollutant removal
capacity of filter systems. When selecting backfill material the designer
should consider its pollution abatement capability not just its hydraulic
efficiency. Research has shown that a high percentage of the pollutants
associated with urban stormwater may be absorbed on the fine and very fine
solids portion of the sediment carried by runoff waters. Generally the more
porous and highly permeable the filter fill material, the less efficient the
system will be in removing many stormwater contaminants.
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In most cases percolation through the soil profile will provide better
pollutant removal rates than filter material. However, in some poorly
graded, very sandy soils, or in areas where facilities are excavated into
highly porous limestone formations, a filter may be capable of providing
more treatment than the natural base material. In these circumstances,
detention ponds should be Tined with impermeable material and the first
one-half to one-inch of runoff filtered before discharge to surface water
or percolation to groundwater.

Design Criteria

The design of underdrains and stormwater filtration systems involves several
steps. The procedures are illustrated below through the use of several
example situations.

PART-T

Conventional Underdrain System Design Using Spacing Equations (Normally Used
in Conjunction with Dry Detention Facilities)

Suppose the designer has a project in which the area contributing runoff is a
10-acre office complex. Six acres are impervious and 4 acres are lawn.

Based on the initial site survey and published soil survey information, the
permeability (e.g., hydraulic conductivity) of the soil is estimated to be
10.0 inches per hour. The site has slow internal drainage due a restrictive
layer of finer textured materials which occurs at approximately 80 inches
below the surface. The slope of the project averages 0 to 2%. The soils are
classified as sandy.

The task of the engineer is to determine the length of underdrain required to
drain and filter the water from a detention pond within 72 hours as specified
by state regulations. Assume the facility was designed to store the runoff
from the first inch of rainfall prior to any direct discharge to surface
waters. No additional local water quantity regulations have been adopted.
The designer would like the holding area to be no more than 3 feet deep. The
steps in sizing an underdrain system to satisfy the provisions discussed
above are:

1) Calculate Storage Volume and Area of the Facility

Due to the small size of the project the detention volume (e.g. the amount of
runoff to be temporarily stored for filtration through the soil and/or
underdrain system) can be most appropriately estimated using a modified form
of the Rational Formula.
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Volume of Rainfall Excess (Runoff)= CAR

where: C = Runoff or Rational Coefficient
A = Contributory Area in Acres
R = Rainfall

Converting the volume of runoff to cubic feet we find:
Runoff = C (A acres) (R inches) (43,560 ft2/Ac) or,

Runoff = CAR (3,630)ft3

The contributory area (A) is 10 acres and the amount of rainfall (R) with
which we are concerned is equal to one inch. However, the runoff co-
efficient (C) must be established in order to calculate the volume to be
treated.

Runoff coefficients have been estimated for various land uses with some
typical values shown in Table 6-12. The selection of the appropriate value
is at the discretion of the designer and should be based upon experience.
Designers generally use average values for pollution control and larger,
more conservative values when sizing flood abatement structures.

In this instance the project will be composed of 4 acres of lawns and

6 acres impervious area with flat (0 - 2%) slopes and sandy soil. The
procedure used to determine the average value of (C) for this project is
illustrated in Table 6-13. The preparation of such a table is useful to
the designer to help explain the basis for the coefficient used in runoff
calculations. Such foresight may speed up approval from officials res-
ponsible for reviewing design plans to determine compliance with various
water management regulations.

Substituting C = 0.60 into the equation:
Runoff = CAR (3,630 ft3) = (0.60) (10) (1) (3,630) ft3; or, 21,780 ft3,

Therefore, in order to satisfy the requirements of the example problem
the detention area must be capable of detaining and filtering approximately
21,800 ft3 of runoff prior to discharge.

Since the holding area is being designed for a maximum degth of 3 feet,
it will average approximately 7260 ft2 in area (21,780 fto volume
divided by the 3 ft depth of the facility).

2) Determine Drain Spacing

The area over which a subsurface drain can be expected to function must

first be estimated in order to determine the length of underdrain needed

to lower the water level in the holding area to the desired elevation within

a specified time interval. In humid areas such as Florida, both the depth and
spacing of drains have been determined largely by experience and judgement
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TABLE 6-12
Runoff Coefficientsa,b

DESCRIPTION RUNOFF CHARACTER RUNOFF
OF AREA COEFFICIENTS OF SURFACE COEFFICIENTS
Business Pavement
Downtown 0.70 to 0.95 Asphalt or concrete 0.70 to 0.95
Neighborhood 0.50 to 0.70 Brick 0.70 to 0.85
Residential Roofs 0.70 to 0.95
Single Family 0.30 to 0.50 Lawns, Sandy Soil
Multiunits, detached 0.40 to 0.60 Flat, 0-2% 0.05 to 0.10
Multiunits, attached 0.60 to 0.75 Average, 2-7% 0.10 to 0.15
Residential, suburban 0.25 to 0.40 Steep, 7% or more 0.15 to 0.20
Apartment 0.50 to 0.70 Lawns, Heavy Soil
Industrial Flat, 2% 0.13 to 0.17
Light 0.50 to 0.80 Average, 2-7% 0.18 to 0.22
Heavy 0.60 to 0.90 Steep, 7% or more 0.25 to 0.35
Parks, Cemeteries 0.10 to 0.25
Railroad Yard 0.20 to 0.35
Unimproved 0.10 to 0.30

aThe coefficients in these two tabulations are only applicable for storms
of 5 to 10 year return frequencies and were originally developed when many
streets were uncurbed and drainage was conveyed in roadside swales.

For recurrence intervals longer than 10 years, the indicated runoff
coefficients should be increased, assuming that nearly all of the rainfall in
excess of that expected from the 10 year recurrence interval rainfall will
become runoff and should be accommodated by an increased runoff coefficient.

The runoff coefficients indicated for different soil conditions reflect runoff
behavior shortly after initial construction. With the passage of time, the
runoff behavior of sandy soil areas will tend to approach that of heavy soil
areas. If the designer's interest is long term, the reduced response
indicated for sandy soil areas should be disregarded.

bFrom Design and Construction of Sanitary and Storm Sewers. ACSE Manual
of Practice No. 37, 1970. Revised by D. Earl Jones, Jr.

Wanielista M.P. et.al. "Stormwater Management Manual", 1981
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TABLE 6-13

Example Procedure for Determination of

Average Runoff Coefficient (C)

Yalues of C Value of C Acreage x

Acreage Land Use (Min) (Max) Table 1 Selected C Selected
4 Ac Lawns (Sandy Soil, 0.05 to 0.10 0.075 0.30

Flat Slope 0-2%)

6 Ac Roofs, Asphalt, 0.70 to 0.95 0.95 5.70
or Concrete T
Total Total
10 Ac 6.00

Avg. C = Total from Column 5

A.H. Volume II

Total from Column I

C=256.00 =.60
5
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for specific soil conditions. Optimum drain spacing for laterals is
influenced by soil permeability, drain depth, optimum depth of water table
desired after drainage, cover crops, depth to impervious strata, and the
outlet elevation of the system. The minimum cover over the drain should be 2
feet in mineral soils and 2.5 feet in organic soils. The drain trench depth
usually varies from 30 to 60 inches. Where practical, increasing the depth
of the drain will permit the use of wider spacing and minimize the length of
underdrain required for the facility.

In areas where drainage installations and knowledge of effective spacings are
limited, the ellipse equation or other similar procedures may be used to
determine underdrain spacing. As noted earlier, the procedures used to
design the underdrain systems presented in this mahual are largely based on
techniques commonly used to design agricultural subsurface drainage systems
by the Soil Conservation Service (SCS).

The "Ellipse Equation" is expressed as:

=
=
9]
=
[¢]

drain spacing (feet)
average hydraulic conductivity (in./hr.)
vertical distance, after drawdown, of water table above drain at
midpoint between lines (feet)
depth of barrier below drain (feet)
drainage coefficient (in./hr.)
depth of drain (feet)
depth to water table desired (feet)
(refer to Figure 6-38)

SRAW»
nonon

[ =W = I, T}

NOTE: The units of K and g may be in "inches removed in 24 hours" or
"gallons per square foot per day" but both must be in the same units in this
equation. Where there is no barrier stratum present, a barrier should be
assumed at a depth equal to twice the drain depth.

Underdrains are designed to remove a certain quantity of groundwater from a
given area subject to a high water table due to poor internal drainage. They
are used where lateral groundwater flow or movement toward the treatment area
is expected to be insignificant. The quantity of water to be removed by the
drain is equal to the storage volume which must be percolated within that
given area. The objective of the system is to remove a quantity of water
that will Tower the water table to some predetermined level during the
required period of time. The design is based on the spacing and depth
required to maintain a certain minimum water level at the midpoint between
drains. This is illustrated in Figure 6-38 which shows the configuration of
the new water table established after drainage.
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The ellipse equation is based on the assumption that groundwater accretion
from outside the given area is slight. Although it is known that this
assumption is only approximate, it may approach actual conditions very
closely under certain site conditions. For this reason use of the formula
should be Timited to the following conditions:

1) Where the hydraulic gradient of the undisturbed water table is one
percent (0.01 feet per foot) or less. Under these conditions there
is likely to be very little groundwater flow or movement from
outside the facility.

2) Where soil and subsoil materials are underlain by a barrier at
relatively shallow depths (twice the depth of the drain or less)
which restricts vertical flow and forces the percolating water to
flow horizontally toward the drain.

3) Where a gravel envelope or porous sandy backfill materials are used
such that there is a minimum of restriction to flow into the drain
itself.

The depth of the drain must be determined before the spacing may be computed
by formula. As noted above, a minimum depth of 2 feet should be maintained
for mineral soils such as those described for this example project. This is
especially important for facilities where heavy mowing equipment or other
large vehicles are likely to be used for maintenance.

The following illustrates the use of the equation. (NOTE: Variable (a)
should not exceed the value of variable (d) to be within the limits of the
assumptions associated with the use of the formula). Working through the
various factors of the equation:

1) Assuming 6-inch diameter underdrains are to be installed at the
minimum depth recommended for mineral soils (2 ft), the depth to the
flow line of each drain would equal 5.25 ft. (d), since the desired
pond depth is 3 feet and the radius of the pipe is 3 inches or 0.25
ft.

2) As specified earlier the soils information indicates a restrictive
layer at a depth of 80" or six and one-half feet. Therefore,
a=(6.5-d)=1.25ft.

3) The system should be capable of lowering the water level to the pond
bottom within 24 hours following storm events if improved grass
varieties are to be used as a cover crop or if the storage area is
to serve other purposes such as parks and recreation, Assuming the
storage area is to be sodded with lawn grass, the depth to water
table after drawdown in the vicinity of facility would be equal to
the depth of the pond, therefore ¢ = 3.0 ft and m = (d-c) = 2.25
ft.
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4) The average hydraulic conductivity was specified earlier. (K = 10
in/hr).

5) The applicable drainage coefficient is:

g=c/t =3.0ft. =1.50 in/hr.
da

Substituting the values specified above into the Ellipse Equation:

w
n

[4(10)(2.252 + 2(1.25)(2.25)]
1.5

S

16.9 or 17.0 ft.

In actual practice this value may be adjusted slightly to conform with tract
dimensions. Suppose the dimension of the facility perpendicular to the
direction of the underdrains is limited to 100 feet. Five drains equally
spaced (20 ft) would slightly exceed the recommended spacing however, this
spacing is within adjustment limits.

Based on the Ellipse Equation, Table 6-14 presents values of (S) or the width
in feet over which a subsurface drain would be estimated to be functional given
a number of drain depths, soil permeability rates (k) and drainage
coefficients (q).

TABLE 6-14

Underdrain Spacing Chart
(based on Ellipse Equation)

q* k Drain Burial Depths(ft)
(in/hr) (in/hr) 1 2 3
(S) Spacing (ft)**

1 4.9 9.8 14,7
0.5 10 15,5 31.0 46.5

1 6.0 12.1 18.1
0.33 10 19.1 38.1 57.2

1 8.5 17.0 25.4
0.167 10 26.8 53.6 80.4

*Drainage rates required respectively to drawdown 3-feet, 2-feet, and 1l-foot

[ (2 + 2 an)11/2 yhere:
q

k% §

spacing (ft.) )

drainage rate from column #1 (in/hr.)

soil permeability rate from column 2 (in/hr.)

drain burial depth (ft.)

?epth of bar;ier below drain equal to drain burial depth (ft.)
€.Gg., a =m

o3I xawm
[T T TR (]
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It should be noted that the values of (q) listed in Table 6-14 from top to
bottom represent the drainage rates which would be needed to drain 3-feet,
2-feet, and 1-foot of water from the holding area over a 72-hour period.
This is the maximum time frame allowed according to specifications adopted
by the state. Such limitations are needed primarily for mosquito control
purposes, and to ensure a high level of treatment of the average annual
rainfall volume based on storm frequency analysis. As can be seen from
the table, the deeper the drain, the greater the space over which it can
be expected to remove the required amount of water. Likewise the spacing
increases as the depth in the holding area is reduced and/or as the
permeability of the surrounding base material (soil) increases.

3) Calculate the Length of Underdrain Required

A quick estimate of the length of underdrain can be determined by dividing
the value of spacing (S) into the average area of the storage faci11t¥. The
area was specified in step one of the design procedure (A = 7260 ft 2).
There- fore, the Tength of the underdrain system would equal 7260 square feet
divided by the 20.0 foot spacing or 363 ft.

To prevent damage to the cover crop due to erosion and/or seepage, it is
usually desirable to keep both the bottom and sides of the detention area
dry. Using the top dimensions to determine the configuration of the
underdrain can help ensure this function. Suppose the installation in the
direction perpendicular to the underdrains is limited to 100 feet and the
designer wants the pond to be a maximum of 3-feet deep. Assuming the slope
of the sides and shape of the storage area are known, it is possible to
determine the top width of the facility and the exact length of drain tile
needed.

For example, suppose that the basin is to be rectangular shaped, 3-feet

deep, 100 feet along the top, with 3:1 side slopes. A detention area with a
top width equal to 88.8 feet, would be capable of storing the required volume
of runoff (21,780 ft3). The area served by each lateral in the system

would equal the spacing (S) times the Tength of the drain (L) plus one-half
the spacing at each end 2(S/2). In equation form, A = S(L+S). As
illustrated in Figure 6-39 the length of each lateral (L) would be equivalent
to the top width of the facility (88.8 ft) minus two times one-half the
spacing (2)(S/2) or (20.0 ft) which gives [L = 68.8 ft/lateral.] Since five
laterals will be needed as specified earlier, the total length of underdrain
laterals (L) would equal 344 feet. In mathematical terms

Total Length of Laterals = Lx5 =
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4) Estimate Design Capacity

The size of the drain may be found by determining the discharge using the
following formula.

Qr=qS(L+S)

43,200
Where:
Qr = Relief drain discharge (c.f.s.)
q = Drainage coefficient (in/hr.)
S = Drain spacing (feet)
L = Drain length (feet)

In this example: (Assuming a 3' deep pond)
Drain spacing = 20.0 feet (S)
Drain length = 344 feet (L)
Drain coefficient = 1.50 in/hr (q)

Qr = 1.50 x 20.0 (344 + 20) =[0.25 cfs.]
43,200

5) Determine Drain Diameter, Sizing Underdrains

Subsurface drains ordinarily are not designed to flow under pressure. The
hydraulic gradient is considered to be parallel with the grade line of the
underdrain. The flow in the drain is considered to be open-channel flow.
The size conduit required for a given capacity is dependent on the hydraulic
gradient and the roughness coefficient--"n" value--of the drain, Commonly
used materials have "n" values ranging from about 0.011 for good quality
smooth plastic pipe to about 0,025 for corrugated metal. When determining
the size of drain required for a particular situation the "n" value of the
product to be used must be known. This information will normally be
available from the manufacturer. The diameter pipe required for a given
capacity, hydraulic gradient, and four different "n" values may be determined
from Figures 6-40, 41, 42 and 43.

Example: Assume an underdrain on a 0.2% grade (s = 0.002) is to discharge

.25 cubic feet per second. What size drain will be required if the material
to be used has a roughness coefficient of 0.015? Find the hydraulic
gradient 0.002 on the horizontal scale in Figure 6-40 then follow vertically
upward to intersect the line representing the design discharge of 0.25 cubic
feet per second. This point falls in the space between the Tines marked 6 to
8 inches in diameter therefore, an 8-inch drain is required. Since the point
of intersection is below the 1ine marked 8 inches, the drain will not flow
full. The full capacity of the drain is 0.47 cfs therefore, the drain will
flow about 50% full for the design discharge. The same procedure is followed
when using Figures 6-40, 41 and 43 for roughness coefficients of 0.011,
0.013, and 0.025, respectively.
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FIGURE 6-40

(Source USDA-SCS)

Subsurface Drain Capacity Chart - "n" = (0,011
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FIGURE 6-41

Subsurface Drain Capacity Chart - *n* = 0.013
(Source USDA-SCS)
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FIGURE 6-42

0.015

(Source USDA-SCS)

Subsurface Drain Capacity Chart - *n"
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FIGURE 6-43
(Source USDA-SCS)
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Most filtration and underdrain systems currently being installed throughout
the state use a minimum of 6" pipe. Smaller diameters may be used, however,
it is presently recommended that the pipes be no smaller than 4-inch material.
The area to the right of the broken Tine in the charts indicates conditions
where the velocity of flow is expected to be less than 2.0 feet per second.
For a field scale, agricultural subsurface drainage system lower velocities
may present a problem with siltation in areas of fine soils. Underdrain and
filter beds for urban stormwater treatment should be designed to remove much
of the fine solids portion of the particulates being carried in the runoff.
Due to the sandy nature of the soils over much of Florida, maintaining
velocities greater than 2.0 ft/sec is usually not critical. However, a filter
or underdrain system must be designed with this in mind in order to be
effective. A layer or combination of layers of pervious materials must be
used and installed in a manner to provide for water movement yet prevent the
migration of soil particles due to flowing water. In most cases, it is felt
that systems designed to the specification contained in the Stormwater Rule
should be capable of meeting this goal.

6) Sizing of drains within the drainage system

The previous discussion on drain size deals with the problem of selecting the
proper size for a drain at a specific point in the stormwater system (the
outlet). 1In drainage systems with laterals and mains, the variation of flow
within a single line may be great enough to warrant changing size in the line.
This is often the case in long drains or systems with numerous laterals. The
following example illustrates a method for such a design.

Example:

Assume that the total discharge from 344 feet of smooth perforated plastic
underdrain is to be .25 cfs, that no surface water is admitted, and that the
accretion to the drain is uniform throughout its length. Also assume a
constant grade of 0.20%. The accretion per 100 feet of drain would be 0.25 =
3.4
.07 cfs. The "n" value of the pipe to be used is listed as 0.011. Use Figure
6-40 to determine the sizes of tile required. Start the design process at the
upper end of the drain using a minimum size of 4 inches. First compute the
distance that the drain would carry the flow on the assumed grade. Let (L)
equal the distance (in 100-foot sections) down gradient that a 4-inch drain
would be adequate. Referring to Figure 6-40, a 4-inch tile with a slope of
0.20% or .002 feet per foot has a maximum capacity of 0.10 cfs and:

L =0.10 = 1.4 (100-foot sections)
L07

The 4-inch drain is adequate for 140 feet of line. Continue these calculations
for the next size pipe (5-inch) which has a maximum capacity of 0.18 cfs.

L =0.180 = 2.60 (100-foot sections)
0.070
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The 5-inch drain would be adequate for 260 feet. Of this 260 feet, 140 feet
would be 4-inch drain; and the remaining 120 feet would be 5-inch drain.
These computations should be continued progressively for the total length of
the system. The following tabulation shows the complete problem:

Tile Maximum Accretion L-Value Length
Size Capacity per Number of of Tile
.20% Grade 100' Line 100 Foot Required

inches c.f.s. c.f.s. stations feet

4 0.10 0.07 1.4 140

5 0.18 0.07 2.6 120

6 0.29 0.07 4.1 84l

344

ITotal length of the drain desired is 344 feet. Although the
6-inch tile would be adequate for 150 feet, only 84 feet are
needed.

The example assumes a single line with uniform accretion throughout its
length. If investigations indicate a variation in permeability, the accretion
rate per 100 foot station may be varied. The same procedure is applicable for
mains in a system where laterals join at regular intervals. In this case the
accretion to the main would be the accumulative discharges of each of the
laterals at intervals equal to the drain spacing.

Example:

Assume that the configuration of the underdrain system being considered is
similar to the design illustrated in Figure 6-39 but it has only five lateral
drains. One drain line connects into the main drain at the middle, opposite
the outlet, followed by two laterals of equal size spaced 20 feet apart on
each side. In other words, the total length of the main tile drain runs 40
feet in each direction from its midpoint at the outlet. Further assume that
the total discharge expected from the system is 0.25 c.f.s. and that all the
other presumptions made in the preceding example also pertain.

Begin by estimating the accretion per lateral. Since each line is of equal
length this may be accomplished simply by dividing the total discharge by the
total number of lines which feed into the main tile drain. In this case, 0.25
¢.f.s./5 laterals = 0,050 c.f.s. per lateral. From Figure 6-40, 4-inch drain
tile with a grade of .002 feet per foot has a discharge capacity of 0.10
c.f.s. Therefore, 4-inch pipe is adequate to handle the accretion expected
per lateral. Each line would function at 50% of total capacity (e.g., .050
c.f.s. compared to the 0.10 c.f.s. maximum discharge ability).
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Given the "T" shaped configuration of the outlet pipe and main tile drains
as shown in Figure 6-39 the accretion in each 20-foot section of main tile
drain would be .050 c.f.s. at the first lateral plus ,050 c.f.s. for each
additional lateral or 20.0 foot station. Use Figure 6-40 to determine the
sizes of pipe required for the main tile drain. Start computation at the
upper end of each main with a minimum size equivalent to the diameter of
the Tlaterals. 1In this instance begin with 4-inch pipe. Compute the dis-
tance down drain that it would carry the flow on the assumed grade. Let (L)
equal the distance that a 4-inch tile would be adequate. This number must
be reduced by the number of laterals which enter at the upper end or head
of each main (in this case, one). As noted earlier, a 4-inch drain on a
grade of 0.20% has a maximum capacity of 0.10 c.f.s. and:

L =0.10 -1 = 1.00 (20 ft. sections)
.05

The 4-inch pipe size is adequate for the first 20 feet on each side of
the main tile drain. Continue these calculations for the next size tile
(5-inch). From Figure 6-40 the 5-inch plastic pipe has the capacity to
carry 0.18 c.f.s. assuming a constant grade of 0.20%. Therefore;

L =0.18 -1 = 2.6 (20 ft. sections)

0.05

The 5-inch drain would be adequate for 52 feet (2.6 x 20 ft. per section).
Of this 52 feet, the first 20 feet would be 4-inch pipe. Given the con-
figuration of this system the remaining 20 feet must be increased to 5-inch
drain. These computations should be continued for the total length of main
drain. However, in this example each main tile line is designed to be

40 feet long in each direction. The following tabulation illustrates the
complete problem.

Maximum Accretion L-Value Length
Tile Capacity per Number of of Tile
Size .20% Grade 20' Line 20 Feet Required
inches c.f.s. c.f.s. stations feet
4 0.10 0.050 1.0 20
5 0.18 0.050 2.6 20
40

Continue calculations to determine the size of the outlet pipe required.
Once again refer to Figure 6-40 to determine the size of smooth plastic

drain pipe required. Procedures for selecting the proper size for a drain
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at a specific point in a system were discussed earlier. In this example the
designer must estimate the discharge capacity for plastic pipe (n value =
0.011).

Find the hydraulic grade 0.002 ft/ft. or .2% on the horizontal scale in Figure
6-40 and follow vertically upward to intersect the Tine representing the total
design discharge from the five laterals (e.g., 0.25 c.f.s.). This point falls
in the space between the lines marked 5 to 6 inches in diameter. Therefore, a
6-inch diameter pipe is required. The pipe will not flow full since the
capacity of the drain is 0.29 c.f.s.

The final design for the underdrain system would consist of five laterals each
4 inches in diameter spaced equally at 20 feet apart. Each of the main tile
drains would be 40 feet Tong. The first 20 feet would be 4-inch diameter pipe
and the final 20 feet to the outlet must be five-inch diameter drain. The
outlet must be sized to handle 0.25 c.f.s. therefore six-inch diameter pipe is
required,

PART-II

Design Criteria for Stormwater Filtration Facilities

Filter systems for stormwater quality renovation may be used in conjunction
with either wet or dry detention facilities. The bottom elevation of the
former is below the grade line of the underdrain pipe. Conversely, subsurface
drains are normally located in the lowest portion and below the bottom of dry
detention facilities,

Examples of stormwater filtration systems include:

1) Filter systems in the banks of wet detention facilities. A typical
cross section is illustrated in Figure 6-44. A slightly modified
version of this particular style of discharge control structure is
shown in Figure 6-45. The major difference between the two consists
of a "flash board" type riser for adjustable depths of detention and
flood control. Also notice that underdrains enter at the base of the
riser pipe in the system shown in Figure 6-45 as opposed to entering
somewhere along the outlet pipe as shown in Figure 6-44,

2) Bank filter systems used in conjunction with online or offline wet
detention facilities which use the natural in place soils for filtration
in conjunction with underdrain pipe for drainage. (See Figure 6-46).

3) Raised filtration beds projecting outward toward the center or extending
along the sides of wet or dry detention facilities. (See Figures 6-47,
48, 49 and 50).
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FIGURE 6-45

Typical Stormwater Control Structure @ Orlando Jetport with
Bank Filter or Underdrain Pipe to Treat Runoff and Flash Board Riser
for Adjustable Levels of Retention and Flood Control

This unit is a custom prefab.
pipe, 48-inch riser, and 12-inch underdrain headers; all aluminum

The structure consists of a 30-inch outlet

construction. (It is suitable for both wet or dry detention facilities).

(Courtesy of Mr. Charles King, P.E., Greiner Engineering Sciences, Tampa,
Florida).
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FIGURE 6-51

I1lustration of Bottom Filter or Underdrain System in
Conjunction with Rectangular Weir and Drop Spillway
(Normally Used with Dry Detention Facilities and
Swales on Tight Soils and/or Steep Slopes)
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4) Sand filter systems installed in the bottom of swales to improve
percolation. (See Figure 6-51).

How does the Stormwater Rule standards 1isted in Chapter 17-25, F.A.C.,
affect these systems?

Underdrain systems and bank filters which use natural soil for
filtration do not have to meet the requirements in section 17-25.025(2),
F.A.C. pertaining to effective grain size, uniformity coefficient, etc.

However, these systems must be designed to prevent piping both
within and through the filter. They are also subject to the 2 feet
minimum flow requirements specified in Section 17-25.02(8), F.A.C.

Filter systems which use an aggregate other than natural soil for
filtration must satisfy the standards Tisted in Section 17-25.025(2),
F.A.C. The current standards for filter media are summarized and noted
at the bottom of Figure 6-48,

Material with effective sizes less than .20 millimeters are
acceptable to the Department for pollution control.purposes.
However, applicants may find the permeability to be restrictive.

Likewise, material mixed with organic matter or colloidal material
may improve pollutant removal. However, anything more than slight
amounts of material less than 0.074 millimeters in size has the
potential to reduce hydraulic capacity quite substantially. The
improvement in removal efficiency of such practices is still being
tested by Dr. Wanielista and others at this time.

Design Procedures for Sizing Stormwater Filtration Systems

Underdrain design procedures will often involve the use of "spacing
equations” to determine the area over which the drainage network can be
expected to function to drain the proper amount of water in the required time
frame.

Filter systems are usually designed by trial and error. In this procedure
drainage capacity is checked for compliance with various regulations until a
suitable configuration (e.g., trench area, depth, pipe diameter, and
hydraulic conductivity of filter media) is achieved to meet drawdown time and
grain size requirements. In terms of stormwater treatment, the Department
is interested in the various design procedures from the standpoint that
underdesign will result in reduced hydraulic capacity. This, in turn, will
result in a reduction in storage between subsequent rainfall events and an
associated decrease in the annual average volume of stormwater treated
resulting in a reduction of pollutant removal. Such circumstances also
reduce the aesthetic value of the system and may promote mosquito
production,
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In most cases, various forms of the Darcy Equation for saturated flow through
porous media are used to design filters. The equation is written:

Q=KiA
Where:
Q = Flow in ft3/p,
K = Permeability rate of filter media (ft/hr)
i = Hydraulic gradient (ft/ft)
A = Area of the aquifer or water bearing strata intersected (ftz)

The basic equation is applied in a number of different ways.

1) Calculating the length of a bottom filter and determining drain pipe
size.

a) Possibly the most simplistic application of the Darcy Equation involves a
slight manipulation in the formula such that the designer may determine
the length (L) of a bottom filter, as illustrated in Figure 6-52, to
treat and dewater an area sized to hold either the first one-half inch of
runoff or the runoff from the first inch of rainfall. The flow (Q) of
water reaching the underdrain pipe is assumed equal to its average
velocity as it moves through the filter profile multiplied by the cross
sectional area of the aquifer or filter trench intersected.

The velocity of flow is assumed proportional to the soil hydraulic
conductivity (K) at a hydraulic gradient of unity (i.e. i=1).

The cross-sectional area intersected (A) is usually assumed equal to the
average width of the drain field or trench (W) times the 7length of the drain
(L). In mathematical form:

A = WL and therefore, Q = KiWL.

The drain length is unknown but can be determined by rearranging the equation
if the width of the trench is known:

L= 9
KiwW

The flow (Q) is based on the storage volume which must be removed in the time
frame desired. (K) is determined based on field permeability test or other
information. The value of (W) is determined at the discretion of the
designer. Its value normally will vary depending on the depth of the drain
and the size pipe required.
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Example:

Suppose a facility is required to store one-half inch of runoff water per acre
of project area as per state design criteria. Further, suppose the project is
twenty acres in size with the hydraulic conductivity or permeability of the
filter media (K) equal to ten inches per hour. The design calls for a three
feet wide filter trench with the underdrain system installed two and one-half
feet below the bottom of the detention facility for drawdown.

The length of filter and underdrain pipe needed to satisfy FDER criteria may
be derived using the equation:

Based on information presented in the paragraph above the one-half inch volume
of runoff which must be temporarily stored and treated would equal ten
acre-inches or 36,300 cu. ft. To drain the entire amount (36,300 cu. ft.) in
three days (72 hrs.) would require an average rate of outflow equal to 504 cu.
ft./hour. The length (L) of underdrain needed to satisfy the three day
requirement is:

L = Q = 504 cu. ft./hr.
KW (.833 ft./hr.)(1)(3 ft.)
L = 202 ft.

However, let's suppose the detention area was also planned for use as open
space such as a park or recreation facility. In this instance it would be
desirable to discharge the stored water within a day. The length (L) needed
to provide sufficient drawdown in 24 hours would be:
L = 1513 cu. ft./hr.
(.833 ft./hr.) (1) (3 ft.)

L

606 ft.

In either instance, the discharge capacity of the underdrain pipe must be
equal to or greater than the flow intercepted (Q). Given the latter
circumstances, the pipe should be sized to carry at least a flow equal to
1513 cu. ft./hr. Converting this value to 0.42 cfs., the pipe size may be
determined in accordance with procedures mentioned earlier (see Part I),
Using the SCS Drain Capacity Charts included in this section, 8" corrugated
polyethylene pipe (CPEP) with a roughness coefficient (n = 0.015) at a grade
of 0.5% or .005 ft./ft. would be capable of conducting the proper amount of
water.

The results of this analysis are based on several simplifying assumptions that
would rarely, if ever, occur. The hydraulic gradient (i), for example, does

6- 267

A.H. Volume II Chapter 6 Florida Development Manual, Section 3.10
Appendix F-32



not remain constant. The value will change as the water level in the facility
rises and falls. A more detailed assessment procedure capable of ascertaining
the difference in drainage capacity under variable head conditions would
reduce the amount of drain required.

Likewise, the assessment also presumes there are no other contributions from
sources such as groundwater. Artesian type conditions would be expected to
occur should high water table elevations surround the treatment area during
any portion of the year. The size of the underdrain pipe would need to be
increased. An increase of 1.5 to 2 times should be used in these situations.

b) A more complex method to determine if a specific design will satisfy the
drawdown requirement under various head conditions is currently used by
several engineering companies. The procedure combines Darcy's Law and
the Falling Head Equation into a form similar to that used to determine
the hydraulic conductivity (K) from falling head permeability testing
techniques. The equations may be rearranged to solve for either drawdown
time (t) or filter area (A) if the hydraulic conductivity (K) is known,
and certain simplifying assumptions are made.

K=2.3aL Logig hg
A dt hj

dt = 2.3 aL Log hqg and,
AK h

In these equations a is the average cross-sectional area of the pond or
reservoir; A is the cross-sectional area of the soil profile or filter served
by the drain tube; L is the length or depth of the soil profile (filter media)
through which the water must travel to reach the gravel envelope or perforated
pipe; in most cases that value will be a minimum or two feet; and dt is the
time interval (hrs.) during which the elevation drops from its initial value
(hg) to some lower value (hj) as the water approaches the pond bottom.

Example: Assume our objective is to estimate the time to remove the 36,300
ft3 of runoff discussed in the previous problem. The area of the facility
is assumed to remain constant as the water receeds. The head (hy) at the
time when the facility was full would equal 5.0 feet. The average area (a)
may be calculated by dividing the pond volume by the depth. In this case
presume the pond was designed 3 feet deep.
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Working through the equation when the facility was full to determine the area
(A) of filter needed: -

a = 12,100 square ft.
L = 2.0 ft. (average length of travel)
K = 10 in/hr. or .833 ft. hr.
ho = 5.0 ft.
h; = 2.0 ft.
dt = 24 hrs,
Therefore:
A=2.3al Log hg
Kdt hj
A=2.3(12,100)(2.0) Log 5.0
.833 (24) 2.0
A = 55,660 X 0.40
20
A =1,113 ft2

Given no accretion from other sources, a filter three ft. wide by 371 ft. Tong
should be capable of draining the facility. As may be seen, the results using
this procedure will be much more favorable to the applicant since the drain
length is reduced. This is because the previous assumption relative to a
hydraulic gradient of unity (i = 1) is not used in this procedure. The
procedure is much less conservative than the former.

The designer should also notice that this analysis is dependent on the
presumption that the size and slope of the drain tube as well as the number
and size of pipe orifices or openings will not restrict the maximum peak flow
delivered to the drain tube via the filter media.

In using the equation above, pipe size must be checked using the pipe flow
capacity charts mentioned previously. Likewise, orifice area must be checked
using the orifice equation which may be written:

Q = CqA (2gh)1/2

Where:
Q = Orifice discharge (cfs)
C4 = Coefficient of discharge (usually assumed to be 0.6)
A = Orifice cross-sectional area (ft.¢)
g = Gravitational acceleration (32.2 ft./sec.2)
h = Hydraulic head above the orifice (ft.)
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The maximum peak flow expected from the filter system must first be
calculated once again using Darcy's Law.

Q=KiA=KYa
D

Where:
K = Coefficient of soil permeability (ft./hr.)
i= %.= Instantaneous hydraulic gradient
A = Area of trench or filter (ft.2)
Y = Head difference between water level elevation

behind the structure at any point in time and
the flow line of the underdrain pipe or top or
gravel envelope if used

D = Depth of soil column or filter to flow line of
underdrain or top of envelope material

Q = Instantaneous rate of discharge (ft.3/hr.)

Continuing to work through this example problem;

K = 0,83 ft./hr.
Y = 5.0 ft. (when the detention area is full)
D=2,0ft.
A = 1113 ft.2
Therefore:
Qmax = K Y A = 0.833(2.5)(1113)
D
= 2318 ft.3/hr.
Qmax = 0.64 cfs.

Checking this rate of flow with the SCS pipe capacity charts mentioned
previously for n = 0.015 and hydraulic grade (0.005 ft./ft.) indicates that an
8-inch pipe will remain adequate to handle the maximum peak flow.

The minimum orifice area required is then determined using the following
equation:
A= __Q

Cd\[?ﬁﬁ—__

Where: A = total orifice area required
Q = .64 cfs
Cq = .6 ?
g = 32.2 ft./sec.
h = 5.0 ft.
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.059 ft.2/371 ft. of pipe

1.6 X 10-4 ft.2/ft. of pipe
.023 in? ft. of underdrain pipe

A= .64

.6 \,64.4 X5 A

Therefore, a pipe is required that contains at least eight or more 1/16 inch
diameter holes per foot.

2) Calculating the length of a bank filter and determining pipe size
required.

Either of the two basic procedures discussed above may also be used to
determine the length of a bank filter system. However, the designer should
notice that both the cross-sectional area of the filter media intersected by
the drain and the hydraulic gradient which was presumed to be unity or larger
in the previous analysis decrease with time in these systems. These factors
must be taken into account and act to complicate the more simplistic
procedures discussed previously. The length of bank filters is usually
established by trial and error. The designer chooses the underdrain length
desired and subsequently checks drawdown time against state regulations or
land use requirements until a suitable configuration is reached.

a) Procedure for sizing bank filters based on Darcy's Equation

The most simple and easily understood method for sizing bank filters is
primarily applicable to conditions wherein lateral flow is predominant (see
Figure 6-52).

Once again, the rate of flow should be in accordance with Darcy's Law which
states that the flow velocity of water through porous media media is
proportional to the hydraulic conductivity and the hydraulic gradient. The
relationship may be stated:

V = Ki

Where: V = velocity of flow
K = the hydraulic conductivity
= the hydraulic gradient AY
AD

the change in elevation between the free water

surface in the reservoir and a horizontal reference

plane usually passing through the flow line of the
underdrain pipe.

D = the horizontal distance from the edge of the free
water surface to the verticle reference plane
(usually chosen passing through the center of the
underdrain pipe).

—
It
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The flow of water delivered to the drain is equal to the velocity (Ki) as it
moves through the media, multiplied by the cross sectional area (A) of the
filter. Contrary to the more simplistic situations analyzed earlier, this
area changes not only in relation to the depth of the free water surface but
also decreases in relation to the upper line of seepage as it moves toward
the underdrain.

Hence, Darcy's Law is usually applied in the design of bank filters in much
the same way as it is for determining seepage through an embankment. The
media is assumed to be homogenous throughout and Tocated on an impervious
foundation (e.g., the bottom and sides of filter trenches are presumed
impermeable). Since the depth of the saturated zone varies as it approaches
the drain, the mean width is used to calculate the area factor used in these
determinations.

When the bottom of the filter and the horizontal reference plane coincide,
(A) is assumed to equal one-half the vertical distance (H) shown in Figure
6-52 multiplied by the length of the filter (L). Stated in mathematical
form:

Where: A = Mean cross sectional area of the saturated zone (ft2)
H = Change in elevation or depth of the filter from the free water
surface to the bottom of the filter (ft)
L = Length of the filter (ft)

The instantaneous rate of discharge (Q) is subsequently calculated at the
various stages of drawdown or storage elevations in the pond. The greater
the number of increments the more accurate the assessment is likely to be.

The formula for expressing the discharge through a unit length of filter
media for each increment is:

When the elevation of the free water surface does not exceed the top of the
filter, the value of (Hn) is equivalent to the change in elevation per
increment of rise or fall in the storage area (i.e., Hn = A Yn). The
equation subsequently may be written:

q =5 (—_D__AHZZ )
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Where: g = discharge rate per unit Tlength

hydraulic conductivity of the filter material comprising the

least permeable section

Hn = change in elevation from the flow line of the drain or other
reference point to the water level in the reservoir

Dn = horizontal distance measured from the edge of the free water
surface to the vertical plane of reference (in this instance, the

middle of the perforated pipe).

Values of (q) are multipled by the total length (L) of the filter system to
determine the total discharge capacity (Q) of the facility. In equation form
the relationship may be stated: '

Q = (q)(L)

In some situations, the bottom of the filter is located below the flow-line of
the pipe. In these instances, the value of (H) will exceed ( Yn). The mean
discharge area may be determined as follows:

_ (H-AY) +H
A= 7

L=-270

In either case, the instantaneous discharge is averaged between each
increment. The drawdown time is then determined by dividing the volume of
storage available in the reservoir between stages by the mean rate of outflow
projected through the filter.

Similar to previous examples presented in this section, Table 6-15 shows how
the drawdown time would be calculated for a project designed to treat
approximately 36,300 ft3 or 10 acre inches of runoff. By comparison, it may
be seen that bank filtration is not nearly as hydraulically efficient as a
means of treatment as bottom filters or underdrains. Earlier it was shown
that only 200 ft. of bottom filter would be needed to drain an equivalent
amount of water within 72 hours. However, a 75% increase in length (350 ft.)
of bank filter is required to accomplish the same task even though the
hydraulic conductivity of the media is presumed to be more than five times
greater than the earlier example.

The designer should be aware that the configuration of the system itself can
have substantial influence on the hydraulic efficiency of these facilities.
Most of these systems are relatively low head since they are normally designed
with 1ittle more than 2 feet of elevation difference between the maximum stage
in the facility and the bottom of the filter. Consequently, there is often
only a very slight energy gradient to move water toward the drain. In such
situations elongated envelopes (see Figure 6-53) are often used to provide
higher internal gradients and improve the flow of water through these
structures. The higher discharge capacity decreases the length of filter
needed to satisfy drawdown requirements.
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b) Flow Nets

Another commonly used method for evaluating problems related to seepage
through porous media involves the construction of flow nets. This type of
analysis can also prove to be a valuable tool for the design of stormwater
filtration systems. A diagram of a flow net constructed for a rather commonly
used bank filter design is illustrated in Figure 6-54. Those interested in
developing skills in flow net analyses for this and other configurations of
bank filters may find Seepage, Drainage, and Flow Nets by H.R. Cedergren to be
a vaulable reference,

Flow nets may be applied in sizing a bank filter in the same manner as Darcy's
Law was used earlier. A number of diagrams are constructed, each correlating
to various stages within the reservoir. The individual diagrams are then used
to determine the discharge relationship per linear foot of filter. The flow
net equation may be written:

qg = KH %g
Where: q = seepage quantity (L3/T/ft. of filter)
K = permeability of the media (L/T)
H = net head (L) as illustrated in Figure 6-54
nf = number of flow channels
nd = number of equipotential drops

The ratio nf/nd is otherwise known as the shape factor. As noted by
Cedergren, the number of flow channels and the corresponding number of
equipotential spaces depends on the shape of the cross section, and will not
necessarily be a whole number. A different shape will produce a different
number of spaces and channels. He goes on to warn those who are just learning
by stating that novices "sometimes overlock one or more of the basic rules.
The resulting flow net can be so filled with errors that a grossly distorted
picture of a seepage pattern will be given". However, he also points out that
any number of flow nets for a given problem will agree when the work has been
done correctly. There is but one solution to a given problem. Consequently,
although this work may be quite cumbersome at first, once flow nets have been
constructed for a given configuration of filter they will continue to apply to
the specific design or shape as long as they are not changed.

Once the unit rate of discharge (q) is established at each increment of
drawdown the total stage discharge relationship may be determined by
multiplying the value of (q) at each stage by the length of the filter (L).
The instantaneous discharge Q is averaged between each increment., Assuming
the volume of storage between increments is known, the drawdown time (t) may
be calculated by dividing the volume by the average rate of outflow in the
same manner as illustrated in Table 6-15. Here again, the preparation of such
a table is an aid to any reviewing agency and can help speed up project
approval. Preliminary evaluations seem to show that flow net analyses may
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offer benefits over the procedure described in section 2(a) when gradients
of 100% or more are likely to occur over much of each filtration cycle.

c. Other Analytic Approaches

Currently several other methodologies being used to design underdrains that
are not incremental in nature. In these instances several designers have
modified the designs illustrated previously. This has enabled the use of
equations in which drawdown time (t) or filter length (L) may be calculated
in one step based on a single formula. Figure 6-55 illustrates the general
design and important dimensions of two such systems.

The form of the expression used to estimate the length of filter trench (L)
required to accomplish drawdown in the time desired is written as follows:

_1.33Ar D
T TKtW

L In (Y1/Y2) for system (a), and;

Ar D

L = gti— 1n (Y1/Y2) for system (b) Figure 6-55.

Ay = Average area of reservoir between elevation Y and Y (ft2)
length of filter required (ft)

hydraulic conductivity of the filter media (ft/hr)

allotted drawdown time (hrs)

trench width as illustrated in Figure 6-55 (ft)

average distance which water must travel through the filter
profile as shown in Figure 6-55 (ft)

Difference in elevation between the flow-line of the underdrain
pipe and the water level in the reservoir at the appropriate
volume of storage (ft)

Difference in elevation between the flow-1ine of the underdrain
and the stage in the reservoir following discharge of the treat-
ment volume required (ft)

Where:

O = AT
ihwonounn

-<
—
n

-
™N
]

It should be noted that the mean distance (D) traveled is used for calculations
involving systems similar to that illustrated in Figure 6-55(a) while for the
system shown in Figure 6-55(b) the distance is equal to 2.0 feet. However, the
difference in the form of each equation is primarily due to differences in the
magnitude of the cross section visualized to be intersected by the drain in
each situation. In Figure 6-55(b) the trench is perpendicular to the face of
the bank. Flow through the filter, toward the drain is predominantly vertical.
The entire cross-section or width (W) of the filter is intersected by the drain
and its surrounding gravel envelope. Flow is primarily normal to the plane of
reference. In these circumstances, the discharge area remains relatively cons-
tant as water moves toward the drain. The phreatic surface will be parallel to
the upper trench wall, intersecting nearly the entire width of the drain before
curving toward the drain tube itself. The presumption that A = WL is primarily
correct in this circumstance,
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(a) Reduced Head System

Vesquen 34 mil.

| 20 Gravel Envelope T
D . W x
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. i N\ Perforated Plastic Fipe
Cempacted Material Netes
D= 2+SW,

R=W+¥ /o . L=T5wWL

(b) Side-of-the-Bank System

HWL
4

Datum

FIGURE 6-55

Sketch of Bank Filter Designs Illustrating Symbols for Use With
Single Step Evaluation of Trench Length and Drawdown Time

(Courtesy of Post, Buckley, Schuh and Jernigan Engineers, Clearwater, Florida)
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On the other hand, this assumption does not pertain in the horizontal flow
situation shown in Figure 6-55(a). The reference plane (passing through the
flow line of the pipe when full flow is assumed) does not intersect the entire
cross-section or width of the filter. Flow is primarily paraliel to the plane
of reference. In these circumstances the width of the saturated zones is re-
duced as water moves toward the drain. The average discharge area (see nota-
tion with figure) should be used in this situation. The presumption that the
discharge area (A) is equal to the entire width (W) of the drain times its
Tength (L) would be correct only in the event that the water level was ex-
pected to be at the top of the trench during operation. This assumption is
pertinent to submerged drains only. The latter situation would not be re-
commended because of added difficulties in the design, installation, operation
and maintenance of these systems due to constant anaergbic conditions,

When the Tength of the system is known, the equations may be rearranged to
solve for the drawdown time associated with the system as follows:

t = EQE%_QE_E In Y1/Y2 for system (a)

t = —éfwgt-]n Y1/Y2 for system (b)

Similar to using other forms of Darcy's Law when the length and drawdown con-
straints are predetermined, the equation may be used to establish the required
permeability. 1In this instance the designer would establish a trial thickness
of the filter and calculate the hydraulic conductivity needed to satisfy these
requirements. Likewise, the designer may select one or more permeabilities
that represent commercially available filter materials within acceptable
degrees of uniformity and effective size (as outlined in 17-25.025(2) F.A.C.)
and calculate their required thickness.

3) Other Design Considerations

a) Pipe Size, Orifice Area, and Filter Cloth

The design procedures discussed in section 1 and 2 of this BMP are all pri-
marily associated with the capability of the filter media to transmit water.
The permeability associated with filter cloth (when used), the size and number
of orifices or perforations in the drain pipe, and the capacity of the pipe
itself can also limit the rate of discharge. Each of these factors must be
checked as described in section 1(a) and (b) of the design criteria to also
ensure that these factors will not effect drain requirements.

b) Safety Factors

Permeability is crucial to all of the design procedures. However, as noted by
Cedergren, "Permeability can vary so widely that its physical significance is
often difficult to comprehend,..." 1In this instance, the author was referring
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to the differences in the properties of various aggregates (sand, clay,
gravel, etc). However, tests of similar types of materials show that even
these percolation rates may vary by 100% or more. In the light of the
large margin of discrepancy associated with most design techniques and
rest results, safety factors on the order of at least two are appropriate.
Drawdown time on the order of one-half of what is required should be
encouraged.

¢) Pollution Control

Filters for stormwater treatment are designed to remove particulates and
their associated pollutants from the runoff waters as they percolate through
the fine textured aggregate on its way to the drain tube. According to pre-
liminary indications based on information published by Dr. Y.H. Chen et.al
(1981) "a layer of soil can stop the passage of a particle if the size of
this particle is larger than one-fifth of the size of particles establishing
the soil layer". Using the effective size (Djg) requirements specified

for filters in Chapter 17-25 F.A.C. it is expected that particles on the
order of .04 to .10 mm. may be removed. According to grain size distri-
bution data for pollutants associated with street surface contaminants
(Sartor and Boyd, 1972), more than 90% of the suspended and oxygen demanding
materials found in urban stormwater should be removed. Preliminary
information reported from an in-line filter system installed on a tributary
to Lake Jackson near Tallahassee supports this conclusion.

Soluble pollutants are not removed so readily. However, in general, the
more fine textured the media, the better the pollutant removal expected.
When designing a filter system, these considerations, as well as, the form
of contaminants to be removed from the stormwater, should be balanced with
the improved hydraulic capacities which are concommittent with more coarse
grained, even-graded filter media.

d) Filter Fabric and Piping Control

Filter cloth must also contain pore spaces which will not permit the filter
media (sand) to be carried away by the water. The Corps of Engineers and Yung
Hal Chen, Daryl B. Simons, and Phillip M. Demery in "Hydraulic Testing of
Plastic Filter Fabrics" discuss valuable information pertaining to the proper
selection of these materials. Several important guidelines are summarized as
below:

1) In order for filter fabric to work as a permeable constraint to stop
adjacent particles of filter material from washing through the fabric,
the EOS (equivalent opening size of the fabric) divided by the Dgs
of the sand should be less than or equal to two.
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EOS/Dgs < 2
2) To avoid clogging by fine particles requires that the EOS
of the fabric must be equal to or greater than twice the
D15 of the filter material,

E0S > 2D5

Planning an Underdrain or Filter System

Analyzing Information and Data from Surveys and Investigations

In most humid areas, many years of experience with subsurface drainage
installation have provided the main basis for determining drainage
requirements for various soil types and problem areas. Special investi-
gations are necessary for drainage of soils where experience is lacking.
One of the most important phases of planning either an underdrain or
stormwater filtration system is to compile and analyze the field data
collected through various surveys, investigations and studies. These
investigations are difficult because subsoil and groundwater conditions
are not evident through visual inspection. Various methods and techniques
have been developed whereby these conditions can be determined and made
evident through a graphical or statistical presentation. The following is
a discussion of some of the methods and procedures commonly used.

1)

2)

Water Table Contour Maps - The elevation of the water table at
selected points covering the area are plotted on the base map. By
interpolation and extrapolation lines of equal water table elevation
are drawn. The completed map represents the surface configuration of
the water table at a specific time.

To be of greatest use as a tool in planning, groundwater contour maps
should be superimposed on topographic maps to give the relationship
between surface configuration and water table configuration. An
example of this type of map is shown in Figure 6-56. The completed
map will show areal delineation of depth to groundwater which is
usually the criteria for determining maximum allowable depth of
stormwater filters,

Observation Well Hydrographs - On profile paper, cross-section

paper or printed hydrograph sheets, plot water table elevation against
time. Well hydrographs may be compiled for all observation wells or
for a few selected wells at key locations. The time scale, which is
usually on the abscissa (horizontal), is in days by months for one
year's time. The ordinate (vertical) is used for water table elevation
and is in feet and tenths. The completed hydrograph shows water table
fluctuation by seasons: the high level and the low level for the season,

(5
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Typical Water Table Contour Map
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3)

4)

It is often very helpful in determining the source of groundwater.

Even when compiled from wells not exactly located on the immediate
grounds, this data may aide in the interpretation of more short term
instantaneous water table elevation mapping information. Knowledge
related to seasonal fluctuations of high water table conditions can
help prevent the under design and consequential bypassing of these
stormwater treatment systems due to an influx of water not normally
expected to occur and left unaccounted for in drain size analyses.

Profile Flow Patterns - Profile flow patterns may be shown by

plotting the surface of the ground, information on subsoil materials,
and hydraulic-head values at points where measurements have been made
with piezometers. Lines should be drawn to connect points of equal
hydraulic head. Convenient hydraulic-head intervals may be selected
extending over the range of measured values for hydraulic head. Usually
an interval is selected that allows a number of equal hydraulic-head
Tines to be sketched on the same profile. The component of flow in the
plane of the profile is normal to lines of equal hydraulic head if the
profile section is plotted.on a one to one scale. Using this scale,
flow lines can be sketched in at right angles to the equal hydraulic-
head lines, with arrows to show the direction of flow.

A vertical component of flow is indicated where the hydraulic-head
changes. This component may be either up or down. Profile flow
patterns are very helpful in detecting artesian conditions, which
is particularly an important consideration in determining the size,
shape, and spacing of laterals in underdrain system design.

Gradation and Permeability Tests Results - Mechanical analysis

(s1eve size) is important for both filter and underdrain design.

The results of tests run on the soils to be underdrained or the sand
or other fine textured aggregate used for filtration are recorded
and plotted on a grain size distribution chart as illustrated in
Figure 6-57. Shown on the vertical scale at the left of the graph
is the percentage of a soil or sand sample passing each of a number
of increasingly smaller (in opening size) screens or sieves. A
curved line connecting the points is shown for easy interpretation
of percentages related to sizes in between the size Separates.

This data is subsequently used to verify that the filter media con-
forms to state requirements listed in Section 17-25.025(2) pertaining
to effective size and coefficient of uniformity. 1In both underdrain
and filter design such information is also useful to help evaluate the
capacity of a given configuration and to avoid potential piping of the
filter sand or soil into the drain.
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Likewise, information pertinent to the capacity of a particular soil or
filter sand to conduct or transmit water is quite important. There are
a number of ways in which the permeability rate may be determined.
Discussions of the applicable techniques are included in most soil
mechanics texts. In this manual several of the more common field
testing procedures are discussed in more detail in Appendix 6-2. .Field
testing is usually preferred for underdrain design while laboratory
methods are most often used for establishing the hydraulic conductivity
(K) of filter media.

Salt-water Intrusion in Coastal Areas

When planning a filter or underdrain design system in areas in close
proximity to sea coasts, certain precautions must be considered in regard to
salt-water intrusion. Beneath coastal areas, the normal movement of fresh
ground water toward the sea usually prevents landward intrusion of the denser
sea water; however, pumped well drains or pumped surface and subsurface
drainage can reverse this situation. If this happens, the consequences can
be serious since land once subjected to salt-water intrusion is difficult to
reclaim.

Guidelines for Prevention - In coastal areas salt-water is present in
underground strata al a depth equal to about forty times the height of fresh
water above sea level. This is given by the Ghyben-Herzberg relation.

This relationship is only approximate because the density of sea water varies
with temperature and the salts present. However, the ratio of 40.0 to 1.0 is
adequate, as a general rule, for the purposes discussed here. In coastal
areas, lowering of the water table one foot will cause a 40-foot rise in the
fresh water-salt water interface. Lowering of the water table to mean sea
Tevel will bring the interface up to mean sea level which will in most cases
render the land salty and unfit for many uses.

As a general guide for use in planning pumped stormwater systems near the
coast, sumps should not extend below mean sea level. Filters and underdrains
should be designed and developed for minimum drawdown of the water table and
be located so that drawdown is distributed as widely as possible and not
concentrated in specific areas.

Outlets for Underdrains and Filters - An outlet for the stormwater system
must be available for gravity flow or by pumping. The outlet must be
adequate for the quantity and quality of the effluent to be disposed of
without causing damage to other areas and with minimum deterioration of
the water quality in the outlet.

An open-ditch outlet for gravity flow from a buried drain should permit
discharge from the drain above the elevation of normal flow in the outlet.
Interruption of flow from the drain due to storm runoff in the outlet should
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not occur so often and with such duration that the rate of drawdown by the
buried drain would fail to meet the design requirements specified in Chapter
17-25 F.A.C. during most situations.

Construction and Materials Specifications for
Underdrains and Stormwater Filtration Facilities

General

The location of the main drain and laterals should be planned to obtain the
most efficient and economical drainage system. A few general rules to follow
are:

1) Provide the minimum number of outlets.
2) When practical lay out the system with a short main and long laterals.
3) Orient the laterals to use the available slope to the best advantage.

4) Follow the general direction of natural waterways with mains and
submains.

5) Avoid Tocations that result in excessive cut.

6) Avoid crossing waterways wherever feasible. If waterways must be
crossed, use as near a right-angle crossing as the situation will
permit.

7)  Where feasible, avoid soil conditions that increase installation and
maintenance cost.

Laterals should be located in the direction for the most effective collection
of excess water, with due regard to the grade required for prevention of
sedimentation, and following the rule of long laterals with short mains where
feasible. Where it is desirable for main drains to be located parallel to a
ditch deeper than the drain, enough distance should be maintained between
ditch and drain to prevent washouts in the drain. Submains may be used to
eliminate crossing waterways and to reduce the number of lateral connections
to the main,

Inspection and Handling of Materials

Material for drains shall be given a rigid inspection before installation.
Bituminized fiber and plastic pipe and tubing shall be protected from hazards
causing deformation or warping. A1l material shall be satisfactory for its
intended use and shall meet applicable specifications and requirements.
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Placement and Coarse Aggregate Bedding Requirements

A1l drains, both flexible as plastic tubing and non-flexible as clay and
concrete tile, shall be laid to line and grade and covered with approved
blinding, or filter material. A minimum 3-inch thick gravel envelope wrapped
in filter cloth is suggested to improve flow into the drain. Either of the
two methods below may be used.

1) Except as provided in Method 2 below, the bottom of the excavated trench
shall be shaped or grooved. Flexible type drains, when placed, shall be
embedded in undisturbed soil for approximately 60 degrees of their
circumference. After placement of all types of drains, friable material
taken from the trench spoil or cut from the trench side walls shall be
placed around the drain in such a manner that it will completely
surround and support the drain and fill the trench to a depth of 3
inches over the top of the drain. To be suitable, materials surrounding
the drain must contain no hard clods, rocks, or fine materials which
would cause a silting hazard in the drain.

2) When special shaping or grooving of the trench bottom is not provided to
embed the drain when placed, the drain shall be laid directly upon the
envelope material. A sufficient quantity shall be used to fill the
trench to a depth of 3 inches surrounding the drain. Envelope material
shall consist of coarse material, all of which shall pass a one and
one-half inch sieve. FDOT No. 57 or equivalent is recommended. The
material should be washed and contain no more than 1% silt, clay or
organic matter. The aggregate should be hard, durable, and comply with
the requirements for soundness specified in ASTM D-694-62. This
provision is to determine that the aggregate is not susceptible to
disintegration by water. The loss when subject to the Los Angeles
abrasion test should not exceed 40%. Pre-Cenozoic limestones,
dolomites, nor stone containing phosphate shall not be used.

The gap between tile or other drain pipe joints shall not exceed 1/4-inch
for mineral soils or one-half inch for organic soils. Openings wider than
these, occurring on the outer side of a curve in a tile Tine or due to tile
irregularity, shall be permitted if they are covered with broken tile, fiber
glass, or other suitable material.

The upper end of each drain line shall be capped with concrete or other
durable material uniess connected to a clean out structure or other
facility.

Earth backfill or filter material shall be placed in the trench in such a
manner that displacement of the drain will not occur after backfilling.

No reversals in grade of the conduit shall be permitted.
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Where the conduit is to be laid in a rock trench, or where rock is exposed at
the bottom of the trench, the rock shall be removed below grade enough that
the trench may be backfilled, compacted, and bedded; and when completed, the
conduit shall be not less than 3 inches from rock.

Alignment

When change in horizontal alignment is required, one of the following methods
should be used to minimize head losses in the line:

1)  Use of manufactured fittings, such as ells, T's, and Y's.

2) Use of a gradual curve of the drain trench to prevent excessive gap-
space.

3) Use of junction boxes or manholes where more than two mains or laterals
join,

Connections

Manufactured connections or junctions for joining two lines should be used.
It is good practice to lay a submain parailel to a large tile main (usually
10 inches or larger) to prevent tapping the large main for each lateral.
Tapping a large tile is difficult, costly, and is frequently the cause of
failure. Savings, through the elimination of large connections, usually will
offset the extra cost of a submain. Smooth curves in tile lines and manu-
factured tile connections or junctions of less than 90° have been recommended
in the past on the assumption that energy losses at the junction of tile
Tines would be reduced. Investigations show that the variation in energy
loss for different angles of entry are insignificant from a practical stand-
point when the main and lateral are of the same size and the drains are
flowing full.

Loads on Drains

General

Drains installed in the ground must have sufficient strength to withstand
the loads placed upon them. In underdrains, the load which usually governs
the strength required is the weight of the earth covering the drain. The
magnitude of the load which the drain can safely support depends upon the
unit weight of the soil, or sand, the width and depth of the trench, and the
method of bedding and installation of the drain. Where the drain is at
shallow depths (3 feet or less) there is danger from impact loads from heavy
equipment. A1l installations should be checked to ensure adequate
loadbearing strength.
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Frequently drain installations are made in wide trenches and at greater
depths than is possible with the average trenching machine. Draglines,
backhoes, and other equipment may be used for deep trenches. Trenches
excavated by this equipment are wide and the greater loads to be placed
upon the drain must be determined so that a drain of adequate strength may
be selected.

Underground Conduits

Research on loads on underground conduits (including tile) has been carried
on by Marston, Schlick and Spangler at Iowa State University. The results

of their work are used in determining the loads on underground conduits and
their supporting strength. Information regarding loads on conduits may be

found in the following publications.

"The Structural Design of Underground Conduits," SCS Engineering
Division, Technical Release No. 5.

Engineering Handbook, Section 6, “Structural Design," U.S. Department of
Agriculture, Soil Conservation Service.

“Soil Engineering," by Merlin Grant Spangler, International Textbook
Company, Scranton, Pennsylvania,

"Design Data - Loads and Supporting Strengths," American Concrete Pipe
Association, Arlington, Virginia.

"Handbook of Drainage and Construction Products," Armco Drainage and
Metal Products, Inc., Middietown, Ohio.

Classification of Conduits as to Rigidity

Conduits used for subsurface drains may be of several kinds of materials.
One characteristic of these various conduits important in determining the
load-bearing strength is the degree of flexibility. Two classes of conduits
according to their flexibility are as follows:

1) Rigid conduits, such as concrete or clay, fail by rupture of the pipe
walls. Their principal load supporting ability lies in the inherent
strength or stiffness of the pipe.

2) Flexible conduits, such as corrugated metal pipes and certain types of
plastic pipe, fail by deflection. Flexible conduits rely only partly on
their inherent strength to resist external loads. When the pipe
deflects the horizontal diameter increases which compresses the soil at
the sides and thereby builds up passive resistance which in turn helps
support the vertically applied load.
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Bedding Conditions for Rigid Ditch Conduits

The supporting strength of a conduit will vary with bedding conditions. Two
types of bedding are generally used in drainage work and each has a load
factor which, when multiplied by the three-edge bearing strength, will give
the safe supporting strength of the conduit.

1)  Impermissible bedding is that method of bedding a ditch conduit in which
T1ttle or no care is given to shape the foundation to fit the lower part
of the conduit or to refill all the spaces under and around the conduit
with granular material. The load factor for this type of installation
is 1.1.

2)  Ordinary Bedding is that method of bedding a ditch conduit in which the
conduit is bedded with ordinary care in an earth foundation shaped to
fit the lower part of the conduit for a width of at least 50% of the
conduit breadth, and in which the remainder of the conduit is surrounded
to a height of at least 0.5 foot above its top by granular materials
that are shovel-placed and shovel-tamped to completely fill all spaces
under and adjacent to the conduit. The load factor for this type of
installation is 1.5,

When sand and gravel filter or envelopes are used, the foundation need not be
shaped since the filter and envelope material are placed entirely around the
conduit and provide for Tateral pressures on the conduit. With this type of
installation the supporting strength of the conduit is increased above the
three-edge bearing strength. Depending on its gradation and the care used in
placing the sand-gravel filter or envelope, the load factor will be in the
range of 1.2 for a poorly graded envelope of irreqular thickness to 1.5 for a
well-graded material of uniform thickness around the drain. To be effective
the gravel envelope should have a minimum thickness of 3 inches.

Bedding Conditions for Flexible Drainage Tubing

A flexible conduit has relatively little inherent load-bearing strength, and
its ability to support soil loadings in a trench must be derived from
pressures induced as the sides of the conduit deflect and move against the
soil. This ability of a flexible conduit to deform and use the soil pressure
to support it is the main reason that light-weight plastic drainage tubing
can support soil loadings imposed in drainage trenches.

A flexible tubing must be installed in a trench in a way which insures good
soil support from all sides. There must be no voids remaining which would
permit the soil pressure from backfill to cause deflection of the tubing to
the point of buckling. Most installations will be made with machinery,
without requiring a man in the trench to position the tubing or place the
bedding. Some modification of machinery designed for installation of rigid
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conduits usually is necessary to install flexible conduits efficiently. See
the section on installation of corrugated plastic drainage tubing.

Drain Grades and Velocities

Underdrains and filters are placed at rather uniform depths, therefore, the
topography of the land may dictate the range of grades available. There is
often an opportunity, however, to orient the drains within the site in order
to obtain a desirable grade. The selected grades should, if possible, be
sufficient to result in a nonsilting velocity which experience has shown is
about 1.4 feet per second.

The recommended minimum grades are as follows:

Precent
4" drain .10
5" drain .07
6" drain .05

On sites where topographic conditions require the use of drains on steep
grades which will result in velocities greater than shown in the following
table, special measures should be used to protect the line from undermining.

Maximum Permissible Velocity in Drains Without Protective Measures

Soil Texture Velocity-ft./sec.
Sand and Sandy Loam 3.5

Silt and Silt Loam
Silty Clay Loam

Clay and Clay Loam
Coarse Sand or Gravel

[Yoll N Ko & ]
OO 0OCOo

The protective measures may include one or more of the following:

1) Use only drains that are uniform in size and shape and with smooth
ends.

2) Lay the drains so as to secure a tight fit with the inside diameter of
one section matching that of the adjoining sections.

3) Wrap open joints with tar impregnated paper, burlap, or special filter
material such as plastic or fiberglass fabrics.

4) Select the least erodible soil available for blinding.

5) Use long sections of perforated pipe or tubing. (Bituminized fiber,
plastic, asbestos cement, etc.).
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Materials for Drains

“Drains" include conduits of clay, concrete, bituminized fiber, metal,
plastic, or other materials of acceptable quality.

The conduit shall meet strength and durability requirements of thg §ite:
Current specifications as listed below or as included in thg specifications
guide shall be used in determining the quality of the conduit.

The following specifications cover the products currently acceptable for use

as drains or for use in determinin
installations:

A.H. Volume II

(Source USDA, SCS-FL).

Trpe

Clay drain tile
Clay drain tile, perforated
Clay sewer pipe, standard strength
Clay pipe, extra strength
Clay pipe, perforated, standard and
extra strengtn
Clay pipe, testing
Concrete drain tile
Concrete pipe for irrigation or drainage
Concrete pipe or tile, determining
physical properties of
Concrete sewer, storm drain, and culvert pipe
Reinforced concrete culvert, storm drain,
and sewer pipe
Perforated concrete pipe
Portland Cement
Asbestos-cement nonpressure sewer pipe
Asbestos-cement perforated underdrain pipe
Asbestos-cement pipe, testing
Bituminized fiber, perforated drainage pipe

Homogeneous perfarated bituminized fiber
pipe for general drainage

Homogeneous bituminized fiber pipe, testing

Laminated-wall bituminized fiber perforated
pipe for agricultural, land, and
general drainage

Laminated-wall bituminized fiber pipe,
physical testing of

Plastic drain and sewer pipe, styrene
rubber
Perforations, if needed, are to be as
specified in Fed. Spec. S5-P-358a

Corrugated Polyethylene Pipe
Small diameter through 6"
Large diameter through 24"

Pipe, corrugated, aluminum alloy

Pipe, corrugated, iron or steel, zinc coated

g quality of materials used in drainage

Specification

asTME ¢ 4
ASTM C 498
ASTM €13
ASTM C 200

ASTM
ASTM
ASTM
ASTM

C
€211
€ 301
C 412
C 118
ASTM C 497
ASTM C 14
ASTM C
ASTM C
ASTM C
ASTM C 428
ASTM C 508
ASTM C 500
Feder51
Spec.
§$§-P-358a

ASTM D 2311
ASTM D 2314

76
444
150

ASTM D 2417

ASTM D 2315
Commercial
Standard?
CS-228

ASTM F 405
ASTM F 667
Federal Spec.
WW-P-402a
Federal Spec.
WW-P -00405

Clay Tile - These specifications may be modified as follows:
the freezing and thawing and absorption tests may be modified or

waived,

Corrugated Polyethylene Pipe - SCS standards and specifications
Tor perforated corrugated plastic pipe may be found under standard

606.

tAmerican Society for Testing and Materials, 1916 Race Street,

Philadelphia, Pa. 19103

2Superintendent of Documents, U.S, Government Printing Office,

Washington, D.C. 20402
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Other Clay and Concrete Pipe

Bell and spigot, tongue and groove, and other pipe which meets the strength,
absorption, and other requirements of clay or concrete tile as covered above,
except for minor imperfections in the bell, the spigot tongue or the groove,
and ordinarily classed by the industry as "seconds," may be used for drainage
conduits provided the pipe is otherwise adequate for the job.

Foundation Requirements

Soft or yielding foundations shall be stabilized where required and lines
protected from settlement by adding gravel or other material to the trench,
placing the conduit on plank or other rigid supports, or using long sections
of perforated or watertight pipe.

Envelopes and Envelope Material

Envelopes shall be used around drains where required for proper bedding of
the conduit, or where necessary to improve the characteristics of flow of
groundwater into the conduit.

Materials used for envelopes do not need to meet the gradation requirements
of filters, but they shall not contain materials which will cause an
accumulation of sediment in the conduit or render the envelope unsuitable for
bedding of the conduit.

Auxiliary Structures and Drain Protection

The outlet shall be protected against erosion and undermining of the drain,
against damaging periods of submergence, and against entry of rodents or
other animals into the drain as shown in Figure 6-58. A continuous section
of pipe without open joints or perforations (Figure 6-59) shall be used at
the outlet end of the line and shall outlet above the normal elevation of
flow in the outlet ditch.

The pipe and its installation shall conform to the following requirements:

1) Where there is a hazard of burning to vegetation on the outlet ditch
bank, the material from which the outlet pipe is fabricated shall be
fire resistant. Where the hazard of burning is high, the outlet pipe
shall be fireproof.

2)  Two-thirds of the pipe shall be buried in the ditch bank and the
cantilevered section shall extend beyond the toe of the ditch side slope
or the side slope shall be protected from erosion. The minimum length
of pipe shall be eight feet.
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FIGURE 6-58

Rodent Protection for Qutlet Pipe

Thread and use 3/8" square nuf or

bend end of rods at right angle. ;

= =
e Y _
\ . Drill 172"
| 3/8 ¢ rods holes in
/ spaced | 1/2"o.c. pipe =

U U | Fd
\_Riqid metal pipe either smooth or

corrugated may be used.

RODENT PROTECTION FOR QUTLET PIPE

Source: USDA-SCS-FL
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FIGURE 6-59
Metal Pipe Qutlet and Concrete Collar
(USDA-SCS-FL)
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3) Where floating debris may damage the outlet pipe, the outlet shall be
recessed to the extent that the cantilevered portion of the pipe will be
protected from the current in the ditch.

4) Headwalls which are used for tile outlets shall be adequate in strength
and design to avoid washouts and other failures.

Watertight conduit strong enough to withstand the loads upon it shall be used
where subsurface drains cross under irrigation canals or other ditches.
Conduits under roadways shall be designed to withstand the expected loads.
Shallow drains through depressional areas and near outlets shall be protected
against hazards of maintenance equipment.

Junction boxes shall be used where more than two main Tines join.

Where surface water is to be admitted to drains, inlets shall be designed to
exclude debris and prevent sediment from entering the conduit. Drain lines
flowing under pressure shall be designed to withstand the resulting pressures
and velocity of flow. Auxiliary surface waterways shall be used where
feasible.

Headwalls

Headwalls shall be constructed on compact foundation and shall be of Tong
lasting, durable materials such as steel piling, reinforced concrete,
concrete block and sand cement riprap. The structures shall be designed to
safely withstand expected loads.

Structure Capacity

Structures installed in tile lines must not unduly impede the flow of water
in the system. They shall have a capacity no less than that of the line or
lines feeding into or through them.

Where the tile system will carry surface waterflow, surface water inlets
shall have a capacity no more than that required to provide the maximum
allowable design flow in the tile line or Tines.

Size of Structures

Junction boxes, manholes, catch basins, and sand traps shall be accessible
for maintenance. A clear opening of not less than 2 feet shall be provided
in either circular or rectangular structures.

Velocities in Structures

The tile system shall be protected against turbulence created near outlets,
surface inlets, or similar structures. Continuous or closed-joint pipe shall
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be used in tile Tines adjoining the structure where excessive velocities will
occur.

Screens and Trash Racks

Surface water inlet structures shall be equipped with screens, trash racks,
or gratings to exclude debris.

Junction Boxes

Junction boxes shall be installed where more than two mains join, or where
two mains join at different elevations.

Vents

Vents will be located at changes in grade, sharp changes in direction and at
intervals along tile lines as needed. They shall be constructed as a tee
with the riser pipe extending to ground surface or above. The riser pipe
shall not be less than 4 inches in diameter. Each riser pipe shall be
provided with a wire mesh or grating cover to prevent trash from entering the
lines.

Maintenance of Filter and Underdrain Facilities

An underdrain filter system of adequate design and proper installation, using
good material, still requires maintenance to keep it operating. Inspection
of the drains, especially after heavy rains, should be made to see if they
are working and if maintenance is required. Pore spaces in stormwater
filters can be expected to seal with time following the beginning of
operation. The duration of a filter's effectiveness before the hydraulic
capacity is reduced to the point that drawdown requirements can no longer be
met will depend on a number of factors including the initial permeability of
filter material used, the degree of pretreatment (sedimentation) prior to
entering the filtration facility, and the nature of the polilutants being
removed.

Preliminary indication show that these systems can function for up to one
year with only minor maintenance. However, periodic discing or scrapping the
surface layers of the soil may be required following heavy events that carry
heavy sediment loads.

Coarse grained systems may require complete replacement of the filter media
to restore their function following clogging since pollutants would be
expected to further penetrate these systems than their more close-grained
counterparts, Most of the particulates will be trapped in the first 2 or 3
inches of the latter while suspended substances can be expected to penetrate
up to a foot or more into the coarse-grained filter. Semi-annual restoration
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efforts are likely to involve complete removal and cleaning and or
replacement of the top 12 inches or more of the filter material. While major
maintenance of this type may not have to be done as often, when it is
required, the operation will involve a significant amount of Tabor and
material. Heavy machinery may be needed if the facility is large and care
will be needed to prevent damage to the underdrain pipes. There may be some
problems associated with the ability of these more coarse-grained, evenly
graded materials to support machinery needed to perform maintenance
activities, such as scrapping without getting equipment stuck and/or damaging
the filter bed.

Common causes of subsurface drainage system failures include the following:
1) Drains installed with insufficient capacity.

2) Drains placed too shallow and lack of auxiliary structures necessary for
the installation.

3) Drains of insufficient strength or lacking in other qualities necessary
for the installation.

4) Poor construction resulting in such inadequacies as too wide or too
small a joint spacing, improper bedding, poor grade and alignment and
improper backfilling.

5) Failure due to mineral deposits such as iron oxide. These deposits do
not seriously affect the operation of the drain unless the perforations
or joints become sealed. Usually indications of deposits may be
observed at the outlets, junction boxes and inspection holes.

Hydraulic Cleaning - High pressure hydraulic nozzles have been used with
success to clean tile drains in Florida that have evidence of iron oxide.

Silt and Vegetation - One of the most common maintenance problems that we
have with tile drains in Florida is to get landowners to keep the outlets
free of silt and vegetation where they empty into open ditches. The outlet
end of the system must be kept clean if the maximum benefits from the tile
are to be obtained. Sediment and fast growing aquatic vegetation might cause
the outlets to become entirely plugged within one year after installation,
consequently frequent inspections must be made.

Rodent Guards - Landowners often do not maintain the rodent guards. These
appurtenances are sometimes removed, become rusted or plugged, and may

never be replaced. These actions invite damage that can lead to the failure
of the entire system. The outlet must be inspected periodically to make sure
that it is clear, and that these guards are in place and functional.
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Trees - If trees near the drain are not removed at the time of construction,
the tile may become plugged by roots. If it is found that the tile line is
not functioning and the outlet is open, the lines should be checked near
trees.

Auxiliary Structures - The 1ife and value of a tile system many times
depends on the repair of auxiliary structures. These structures are to pro-
tect the tile system as well as to aid in determining when maintenance is
needed. If they are not maintained, the value of the installation will
decrease. Regular inspection is required.

As-Built Plans - Upon completing a subsurface drainage installation and
after all checks and inspection have been made, a set of "As-Built" plans,
showing location, depths and sizes of all drains should be preserved and
made available to those that will be maintaining the system.
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