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Outlhine Of Presentation

1. Today’s presentation will tell a story which, since the mid 1990's,
has been repeated many times by the author. However, it only
gets serious attention from drainage engineers and regulators
when we have significant cumulative rainfall surpluses or deficits

. The range and magnitude of water level fluctuation in closed
(a.k.a. land-locked) lakes, ponds (both wet & dry), and wetlands
are linked closely to surpluses and deficits in cumulative rainfall
over relatively long periods of time. A "long" period, in this
sense, refers to a duration of 1 month to say 42 months. The
"critical duration” for a land-locked basin depends on the
characteristics of the contributing watershed (time lag before
ground water enters) and the geology and geometry of the
"pond".




Outline Of Presentation

(Continued)

3. Current regulations (FDOT & SRWMD) model storm events up to
10 days in duration which don’t reflect the true "critical duration™
for these closed basins. After all, is 24.11 inches of rainfall in
one month for critical than 10.6 inches of rain in 1 day? Is
220 inches of rainfall in 36 months (3 years) more critical than
the design 100 yr storm event?

. First data slide will show a plot of recent ground water level
trends to get a feel for the actual range of water table fluctuation
measured on a Clermont sand ridge over the past 13 years
(1994 to the present). This period was somewhat wild and
covers 2 major droughts (2001, 2007) and several periods of
high rainfall including Tropical Storm Gordon, 1994-1996, El Nino
Rains in early 1998, troika of hurricanes in 2004, and record
monthly rainfall total in June 2005.




Outline Of Presentation

(Continued)

5. Analyze cumulative rainfall patterns over the last 100 years at 2
rainfall stations in Central Florida (Orlando International Airport
and Clermont) and mark their peaks and valleys for various
"critical durations” ranging from 1 month to 48 months. Compare
the 1 month totals to the FDOT 100 yr/10 day storm which is the
highest rainfall storm currently regulated.

6. A quick comparison is done for a site in Seminole County (Lake
Sylvan) to compare to cumulative rainfall patterns at OIA. The
purpose of this is to show trend similarity between rainfall
stations 25 miles apart.

7. A summary of the regulatory criteria for each agency will be
presented. How applicable are these criteria for providing true
regulation of peak stages and duration in these systems?




Outline Of Presentation

(Continued)

Examples of recent flooding in land-locked lakes. Show a
rainfall trending analysis and high water stage correlation for 2
lakes which flooded in the Lake Wales area of Polk County
(SWFWMD).

Long-term continuous simulation modeling: discuss the

conceptual models, technology and software

. Show some real-world applications of continuous simulation
modeling

. Geotechnical Pitfalls in stormwater design - will discuss some of
these bonus slides if time permits




Review of Long Term Cumulative Rainfall
Patterns & Recent Trends in Central Florida

Long-term and short-term continuous simulation

modeling of stormwater management systems.

Applicability of Current Regulatory Criteria
for Ensuring Flood Protection in Land-
Locked Drainage Systems

Some Screen Shots of PONDS 3.2 Software
Continuous Simulation Hydrograph Generator

Some lessons in stormwater management
design learned from post-mortem investigations




Review of Long Term Cumulative Rainfall
Patterns & Recent Trends in Central Florida




Groundwater Levels at
Southlake Utilities on
Lake Wales Ridge

What has been the measured groundwater level fluctuation on
the Central Florida ridge for the past 13 years? Let us look at the

trends on a sandhill site which has been continuously monitored
since 1994.
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10-day Antecedent Rainfall (ORLANDO)

#1: 6/30/1910 #2: 10/21/1940
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31 Day Antecedent Rainfall (ORLANDO)

|
#1: 9/8/1933

#3: 10/28/1915 l

\

2: 7/25/1960

l #6: 7/4/1968
/
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Comparison of Measured Rainfall to FDOT
100-yr / 24-hr Storm Event

OIA Peak 10-day & 31-day Rainfall

10-day Antecedent 31-day Antecedent
Rainfall (inches) Rainfall (inches)

15.25 21.70
(6/30/1910) 9/8/1933

14.20 20.50

(10/21/1940) 7/25/1960

13.33 20.07

(9/16/1945) 10/28/1915

13.31 20.02
(9/8/1933) 6/29/2005

13.03 19.43

(10/14/2015) 9/6/2004

FDOT 100-yr/10-day is 16 to 18 inches.
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12 Month Antecedent Cumulative Rainfall (ORLANDO)

¥

#1: 6/15/1906
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\ #6: 10/24/2005

#4: 11/10/2003

#1: 9/1/1960

/

#3: 10/26/1924
/
/ #5: 10/13/1930
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24 Month Antecedent Cumulative Rainfall (ORLANDO)

#1: 10/11/
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36 Month Antecedent Cumulative Rainfall (ORLANDO)

. 6/16/2005

#2: 7/29/1960
#4: 4/19/1926 1

17#3: 4/15/1948 |

\\ #5: 3/8/193 x
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101 Years of Rainfall Data at

Clermont Weather Station
1901 - 2002

Cumulative
Rainfall
(Clermont)
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Rainfall at Lake Sylvan

The Lake Sylvan site is located near the Heathrow community
in Seminole County. The purpose of this exercise was to
compare the rainfall patterns at OlIA and Lake Sylvan to see

If their trends were consistent from a long term standpoint or

vastly different.




1 Month Antecedent Cumulative Rainfall Total
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12 Month Antecedent Cumulative Rainfall Total
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18 month Antecedent Cumulative Rainfall Total

Aug-Dec 2004 Jun 05 to Mar 06
(inclusive) (inclusive)
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Rainfall Surplus/ZDeficit at Lake
Sylvan




1 Month Cumulative Rainfall Surplus/Deficit

Aug-Dec 2004 ~ Jun 05 to Mar 06
T (inclusive) (inclusive)
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12 Month Cumulative Rainfall Surplus/Deficit
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18 Month Cumulative Rainfall Surplus/Deficit

Aug Dec 2004 Jun 05 to Mar 06
(inclusive) (inclusive)
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Applicability of Current Regulatory
Criteria for Ensuring Flood

Protection in Land-Locked Drainage
Systems




SUMMARY OF REGULATORY CRITERIA FOR LAND-LOCKED BASINS

Agency

Initial Stage for routing

Design Storm Event
to compute
runoff volume

Recovery
Criteria

SWFWMD

stage after 36 hr
following slug
quality volume.
if dry, seasonal high water table

of recovery
loading of water

100 yr/24 hr

SIRWMD

the pond bottom or the elevation at
which the water quality volume is
recovered to;

on a case by case basis, the
seasonal high water table may be
used

25 yr/96 hr

on a case by case basis, the
100 yr/24 hr storm may be
used

14 days

on a case by case basis, back to back
storms may be analyzed if full recovery
cannot be achieved in 14 days

average wet season water table

100 yr/72 hr

no separate criteria for land locked basins
since there are so few in SFWMD

seasonal high water table

critical duration but usually the
critical one for maximum
runoff volume is:

100 yr/240 hr storm

50% of the retention volume to be
recovered in 7 days, with the total volume
to be available in 30 days

NWFWMD

seasonal high water table

25 yr/96 hr

None

Lowest elevation of available
storage above the seasonal high
water table

critical duration/frequency that
yields highest pre-post runoff
volume.

max duration of 240 hr

50% of the retention volume to be
recovered in 7 days, with the total volume
to be available in 30 days

seasonal high water table

100 yr/96 hr storm, or

100 yr/24 hr preceded by a
mean annual storm (2.33
yr/24 hr)

seasonal high water table
not more than 50%
quality volume

of water

100 yr/24 hr

14 day recovery
natural seepage or bleed-down




Some Examples of Recent
Flooding Problems




Lake Belle, Tractor Lake,
& Saddlebag Lake

Polk County




Saddlebag Lake




Saddlebag Lake
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Lake Belle




Site Vicinity Map

GRAPHIC SCALE

1 INCH = 3,200 FEET
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Figure 2.1
Lake Levels for Lake Belle
Period of Record: 5/16/1992 to 11/7/2005

T Ten Year Flood Guidance Level = +123.6 ft NGVD

High Level = +120 ft NGVD

Low Level =+117 ft NGVD

i i
Extreme Low Level = +115 ft NGVD
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Figure 2.3
Lake Levels for Saddlebag Lake
Period of Record: 1/23/1986 to 11/8/2005

Ten Year Flood Guidance Level = +106.8 ft NGVD

High Level = +105 ft NGVD

Level = +102 ft NGVD

" Extreme Low Level = +1
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Figure 3.1
Annual Rainfall Totals
Period of Record: Jan 1, 1935 to Oct 31, 2005

| 39691860 Partial Year
Jan 1, 2005 to Oct 31, 2005+

2]
o
L
3}
=
8
c
T
14
>
=
T
[
>

== Measured Rainfall = Historical Average Rainfall (50.9 inches, 1935 to 2004)




0L0c/L/L

8/1412005

<S00c/L/1L

000c¢/L/1

Ge6L/L/L

0866L/1/1

G86lL/L/1

Average (51.1 inches)

086L/1/1

GlBLILIL

04617171

Figure 3.2

CoBL/L/1L

0sBL/L/1L

w
o
o
|2
T <
Y=
530
¥ O
o O
Vt
i Ty )
oo
mw
E
QO c
ta
(= |
s .
53
Lo
c @
Zx
_.If
= ©
= 2
‘=
[1}]
o

GSeL/L/L

0S6L/1/1

Antecedent 1-yr Rainfall

Srel/L/1L

orslL/L/1L

SeBL/L/L

0€BL/L/1

(sayoul) jejuiey JA- | Juapasajuy




0L0Z/L/L

S00Z/L/L

000Z/L/1

S86L/L/L

086 1L/L/L

G861/L/1

0861/1/1

Average (102.0 inches)

Si8L/L/L

046171/

Jan 1, 1935 to Oct 31, 2005

Figure 3.3

SoB6L/L/L

096 L/L/L

3
=
[y]
14
[1H]
=
bt
=
=
£
=
o
-
=
[F)
o
@
Q
[1F)
—t
c
<
e
>
o™

SS6L/L/L

Period of Record:

0S6lL/L/1L

Srel/L/1L

Antecedent 2-yr Rainfall

ovelL/L/1L

SEBL/L/L

0c6lL/L/1L

30

(sayoul) [esUley 14-Z JUSpPIIBJUY




0Loe/L/1L

S0ooz/L/L

000Z/L/1L

G667/

08617171

e861L/L/1L

Average (152.8 inches)

0861L/L/L

G617/

04617171

b
o
w
[
S
2
iC

w
Q
(=]
|2
B
U=
5 B
¢ O
L O
Vt
-
oo
mw
=
O c
w (O
[ |
3 ..
55
L o
ne
g«
rlf
yo

=]
@0
s
o

So6L/L/L

0961/1/1

gSelL/L/

0sslL/L/1L

Srel/L/L

Antecedent 3-yr Rainfall

orelL/L/L

GEBL/L/L

0cBlL/L/L

(sayaul) jejuley JA-¢ Juspadajuy




010c/Li1

S00c/L/1

000¢/L/1L

S661/1/1

06617171

G361/1/1

Average (203.3 inches)

08617171

GL6L/L11

04617171

10
o
o
=
3
=
I

G96L/L/1

09617171

4 yr Antecedent Cumulative Rainfall
Period of Record: Jan 1, 1935 to Oct 31, 2005

Ga6lL/Li

0S6L/1Li1

SrelL/L/1

Antecedent 4-yr Rainfall

ov6lL/L/L

GEGL/L/L

0E6L/L/1

(sayoul) [Jejuley JA- Juspasajuy




Big Sand Lake
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Big Sand Lake




| ake Sherwood

Orange County




Lake Sherwood

Normal Water Level = +69.10 N Sep. 2004
100 yr flood = +90.2

Drainwell control=+76.9 EINi
Note : Original Drainwell Installed in 1960 .
New Drainwells Online in July 2005 Storms

New Drainwells
Dec. 1994
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Lake Sherwood
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Lake Sherwood




Lake Sherwood




| ake Rexford
and Lake Osage

Orange County




Lake Rexford and Lake Osage
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Lake Rexford and Lake Osage Potentiometric Surface Contours
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Calvin Street
and Crystal Cove
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Lake Sylvan

Seminole County




Lake Sylvan
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Long-term and short-term continuous

simulation modeling of stormwater

management systems.

Is it time for its integration in stormwater
management criteria?

Are the tools & technology available to
practitioners?




Continuous Simulation Modeling of
Stormwater Ponds, Lakes, & Wetlands:

BUILT-IN INTO PONDS 3.2 —

the continuous simulation

hydrograph, what additional

parameters do we need to

consider?
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CONCEPTUAL MODEL FOR PREDEVELOPMENT

fou wa rd Leakag

SEMI-CONFINING LAYER
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DEFINITIONS:

STAGE AREAFORMODEL

A,., = Areaofwatersurfaceinpond,varieswithstage > S, Agpen
A, = Areaofwatersurfaceinpondatcontrollevel =
n

= Soil porosity or soil storage Sz +S, [Ec _°ﬂ';pen] N+ A

S, = Stageatphysicalbottomofpond
S, = Stageatpondcontrollevel <S, A, %1

c

Wet Detention Pond With Outfall = elevation of control device (orifice)
Wet Detention Pond or Lake Without Outfall - normal water level

Dry Pond With Outfall -» top of water quality volume

Dry Pond or Depression Without Outfall = top of design high water
Wetland =# seasonal high water table

How to pick control level for different types of stormwater management systems:

Control level

v

il ii![t Mmlf L !Illmmm =
i"fm N

! Water in
Base of aquifer |

Hydraulically

hydraulic conductivity
of aquifer

k.= horizontal saturated
lli‘!”l;lm diffuse downward leakage (typ) |
iy

y %ﬂ//VQ,

it
n

Saturated So

I

fillable porosity
of aquifer




MODELFORCOMPUTINGDISCHARGEFROMLAKEORPONDTO
FLORIDAN

LAKE LEVEL

q(t) = (kA/L) Ah()
ALTITUDE OF L
POTENTIOMETRIC whare

SURFACE OF i qlt) = vetical leakage (flow rate) in units ft3/day at scme time t [days)
P‘LOR]DAN : k= vertical hydraulic conductivity of the materials between the
AQIJIFER : lake bottom and the top of the Floridan aquifer in umnits of ft/day

: Ah= difference betwesen the lake level and the level of the
potentiometric surface of the Floridan acquifer at timet (days)
L= thickness of the materials betwesn the lake bottam and the top of the
Floridan acquifer
A= cross-secticnal area of materials between the lake bottam and the top
of the Floridan aquifer (£t%)

TIGHTLY —> 3
CASED WELL CONFININGLAYER

. G

FLORIDAN AQUIFER




CONTINUOUS SIMULATION MODELING:
CONCEPTUAL MODELS DIFFUSE DOWNWARD

LEAKAGE - THINK ABOUT THIS FIRST

0 Simple models are those where the vertical recharge rate (aka
"diffuse downward leakage”) is uniform with time. There are
actual sites like this in the areas of very low recharge (for
example, East Orange County).

Less simple models are those where the diffuse downward
leakage changes markedly with time based on rainfall and the
water level (pot surface) in the underlying Floridan aquifer.
These models require some calibration to back-compute the
daily or monthly recharge rate. All other parameters are
known.




Some Screen Shots of PONDS 3.2
Software Continuous Simulation

Hydrograph Generator




Continuous Simulation Hydrograph
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Continuous Simulation Hydrograph
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Evap/ET Lake frea(acres)  |0.702

Leakage

Artificial Recharge

Idpgradient Flow

Pumnping

Summary

0| __cercd |




Continuous Simulation Hydrograph

r
. Continuous Simulation
Fi

e Surmmary Menu

S cenarnio 7 jll
Hydrograph Tepe |Eu:untinuu:uus Simulation ﬂ Clone

Drezcription |F'|:|st -Wwet wears: Jan 1, 1994 to Sep 21, 1938 <= Auta Describe |

Modflow Options el O = E

Seazan Definition far CH
Adjustment

Fainiall Lake ‘ iSurface Water Basin|  Ground W ater Basin ‘

Units |English |
Ewvap/ET . - '
Tatal area of drainage basin, including lake [acres] 10

Leakage Directly Connected |rmpervious Srea [acres) 3

Artificial Recharge Impervious area within bazin where there are no E.T. loszes [acres] |3

Idpgradient Flow
Pumping Curve Mumber for non-DCLA Area [AMC ] |70
Summary

[v Auto Corelate Curve Mumbers

0| __cercd |




Continuous Simulation Hydrograph

r
. Continuous Simulation
Fi

e Surmmary Menu
Scenario ¥ ill

Hydrograph Tepe |Eu:untinuu:uus Simulation ﬂ Clone

Drezcription |F'|:|st -Wwet wears: Jan 1, 1994 to Sep 21, 1938

<= Auta Describe |

Modflow Options el O = E

Fainiall Lake ‘ Surface Water Basin ‘ Ground #ater Basin Seaéﬁnh[;ﬁ::;::::ih'

D ate Format |Ealendar pear, marthly j

Ewvap/ET Wet/Dry Seasons
Leakage 1 Q @ D | »

Autificial Recharge Date Season =
Jan

Upgradient Flow Feh darrnant

Purmping I ar dormant

Apr dormant
EE dormant

Summary

Jun growing

growing

0| __cercd |
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Continuous Simulation Hydrograph

. Continuous Simulation
Fi

e Surmmary Menu

Scenario

7=

Hydrograph Tepe |Eu:untinuu:uus Simulation

Drezcription

ﬂ Clane

Modflove Optionz

Rainfall

R unaff

Leakage

|F'|:|st -Wwet wears: Jan 1, 1994 to Sep 21, 1938

<= Auta Describe |

Evap/ET

Evapotranspiration [E T RBatio

ET [imperviouz 1/ ET [pervious] [%] (0

E vaporation and Evapotranzpiration (ET]

Artificial Recharge

Idpgradient Flow

Pumnping

Summary

Drate Format |Ealendar year, minthly j

itz E nglizh - |
Evaporation and E.T.
«Q F D2l 2 % b

kd anthly b by i
Drate Evaparation E.T.

[inches) [inzhes]

Jan

Feb
bd ar

0| __cercd |




Continuous Simulation Hydrograph

r
. Continuous Simulation
Fi

e Surmmary Menu

S cenarnio 7 jll
Hydrograph Tepe |Eu:untinuu:uus Simulation ﬂ Clone

Drezcription |F'|:|st -Wwet wears: Jan 1, 1994 to Sep 21, 1938 <= Auta Describe |

Modflove Optionz Leakage

Rainfall Leakage Model | Constant Rate -]
R unaff itz Englizh -

Evap/ET Leakage Inzide Fond [inchyr] 12
Leakage Outside Pond [inchdvr] |12

Artificial Recharge

Idpgradient Flow

Pumnping

Summary

0| __cercd |




Continuous Simulation Hydrograph

r
. Continuous Simulation
Fi

e Surmmary Menu

S cenarnio 7 jll
Hydrograph Tepe |Eu:untinuu:uus Simulation ﬂ Clone

Drezcription |F'|:|st -Wwet wears: Jan 1, 1994 to Sep 21, 1938 <= Auta Describe

Modflove Optionz Summary

Rairfall Uriiks |Eﬁg|igh j Generate Summary |

R unaff

Tatal Total

Evap/ET (FE] [ihches)

Leakage Sumrmary of outzside recharge water balance components

Total direct rainfall outside pond +291.5

Artificial Recharge -
: Recharge from zeptic tanks 1]

Upgradient Flow Fecharge from other bazeflows 0
Runoff frorm DCLA -7B.62352
Runoff from non-DC1A 19.81175
Diffuse vertical leakage BB ETEET
Evapotranspiration loss -126.946

Pumnping

Met recharge to water table dunng simulation +11.43408

-
0| __cercd |




LET US LOOK AT SOME EXAMPLES OF ACTUAL MODELING
PROJECTS AND COMPARISONS BETWEEN MEASURED
AND PREDICTED LEVELS




Example: Clermont Chain of Lakes
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GRAPHIC SCALE

1 INCH = 4,000 FEET

Cherry Lake

LAKEMNNEOLA *\. ol 2

[ Cook Lake ]

1

[ Wilson Lake ]

1

Lake Minneola

1

[ Lake Hiawatha ]

1

i m—

1

[ Lake Susan ]

1

Lake Louisa

1

Green Swamp
(Big and Little Creeks)

LAKE LOUISA
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Graphic Scale

5000 0 5000 10000 Feet
——

e Approximately 39,000 acres

e Running parallel to Lake Wales
Ridge

| Contributing Basin Areas
for Big and Little Creeks

@ Location of Southlake Uilties Monitor Wels L o— e

[ contributing Basin for Little Creek f | = e o Clermont Chain Of Lakes Study
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— PONDS 3.2 Modeled Lake Elevation —— Lake Louisa —— Lake Minnehaha —— Cherry Lake




Example: Lake Sherwood
Closed Basin Lake with Drainage
Well
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- Postdevelopment

Lake Sylvan
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& Measured Lake Level




Lake Clair

GRAPHIC SCALE

1 INCH = 500 FEET

Lake Minnehaha

Closed basin flooding with
emergency pumping in
July/August 2003




Average (102.4 inches)

Antecedent 2-yr Rainfall
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