Design Criteria Memorandum: DCM-2

Effective Date:  February 6, 2006 Acceler8 Ref #: P 599
Subject Wind and Precipitation Design Criteria for Freeboard

1. Introduction

DCM -2 presents the SFWMD design criteria for the determination of the wind speed coincident with
precipitation and/or normal full storage level. Determination of the controlling conditions for
establishing freeboard on storage impoundments will be defined and detailed. This memorandum is an
overview and is not intended to be a comprehensive presentation of hydrologic design criteria.

Freeboard allowance is determined from wave characteristics, wind setap and wave run-up, as well as a
several other factors. This memorandum addresses the combined wind and precipitation design criteria
for freeboard determination of high, significant and low hazard dams. Dams assigned the high hazard
potential classification are those where failure or mis-operation will probably cause loss of human life
{FEMA 333). Significant hazard dams will have similar freeboard design criteria because of potential
for high economic losses or loss of highly valued environmental ecosystems. Low hazard dams may
have different frecboard design criteria based on socio-economic analysis performed on a case-by-case
scenario. Hazard potential classification is covered in DCM - 1.

This memorandum presents the joint criteria and recommendations developed by the South Florida
Water Management District (SFWMD), the U.S. Army Corps of Engincer’s (USACE) and the Florida
Department of Environmental Protection (FDEP) for developing wind speed and precipitation events
for freeboard determination of CERP impoundments.

2. Freeboard Determination

Freeboard is defined as the vertical distance between the crest of a dam and some specified pool level,
usually the normal full storage level or the maximum flood level (USACE, 1997). Freeboard and flood
control storage are required to provide the capacity to store and/or route the design storm through the
reservoir considering inflows, precipitation on the reservoir basin and wind generated waves without
overtopping of the embankment. The objective in selection of design freeboard is to assure that failure
of the dam will not result from wind setup, wave action, uncertainties in analytical procedures, and
uncertainties in project function in combination with the most critical pool elevation (USACE, 1991).
Freeboard determination should be based on site-specific conditions that can be reasonably expected to
occur simultaneously. Settlement, waves induced by potential landslides, or malfunction of the
spillway and/or outlet works are also important considerations for fresboard determination. This
memorandum identifies and develops design criteria for logical combinations of reservoir
levels/precipitation, and wind conditions for freeboard determination. Freeboard is shown graphically
on Figure DCM 2-1. The reference elevation for freeboard determination will be the “normal full
storage level” (NFSL) elevation which is defined as the maximum elevation of storage at an un-gated,
uncontrolled level where outflow would begin with continued storage. For a reservoir with outflow
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controlled in part by moveable gates or other means, the NFSL is the maximum level to which water
may rise under normal operating conditions, exclusive of any provision for flood surcharge. The
maximum water storage level (MWSL) is defined as the maximum (still-water) level resulting from
routing of the inflow design flood (IDF). Surcharge pool is defined as the storage between the normal
full storage elevation and the maximum water storage level. Spillway design and routing of the IDF is
an integral part of freeboard determination and is to be included in design of the impoundments. The
IDF, wind and wave design requirements for CERP impoundments are included in DCM-2. Spillway
requirements for CERP impoundments are included in DCM-3.

Embankment freeboard will be determined as the minimum required embankment height above the
reference pool level (normal full storage level) to prevent overtopping from the defined condition. As
defined by the USACE (1997):

Freeboard is generally based on probable maximum wind conditions when the reference elevation
is the normal operating level, When estimating the reservoir level to be used with the probable
maximum reservoir level, a lesser wind condition is used because it is improbable that maximum
wind conditions will occur simultaneously with the maximum flood level.

Neither the probable maximum wind (PMW) condition nor the lesser wind condition associated with
the maximum flood level is numerically defined in any standard reference document. In addition, the
duration of the flood level near the maximum pool level needs to be included in the freeboard
determination. As described in ER 1110-2-8 (FR) paragraph 9c., “when the IDF pool hydrograph is
within three feet of the maximum pool for 36 hours or longer or where the project has been designed
with little surcharge for the maximum pool above full pool elevation, the minimum freeboard will be
five feet for embankment dams and three feet for concrete dams or greater ...."

Therefore, design criteria to be used for high and significant hazard water storage impoundments and
dams for the CERP program were developed as detailed herein. Design criteria for impoundments
classified as low hazard potential are also included.

2.1 High and Significant Hazard Potential

Several impoundments to be constructed for CERP will be high or significant hazard structures with the
IDF defined as the flood resulting from the Probable Maximum Precipitation (PMP) event.
Determination of design criteria will include combinations of reservoir level, precipitation and wind
conditions that are reasonably expected to occur simultaneously or within 36 hours of the maximum
surcharge pool level. A list of four combinations of precipitation and wind conditions that could be
reasonably expected to occur are presented in Table DCM 2-1. Each combination of precipitation and
wind will be hereafier referred to as Case x. These four cases are also described in the following

paragraphs.
¢ Case 1 consists of a 100-year wind combined with the PMP.

® Case 2 consists of a 100-year precipitation event combined with a Category 5 hurricane, wind
condition.
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* Case 3 consists of a PMW combined with the normal full storage level, and

e Case 4 consists of a storm specific (historical) event.

Case 1 (the 100-year wind combined with the PMP) and Case 3 (a PMW assumed to be 200 mph wind
combined with the normal full storage level) are consistent with the USACE criteria (USACE, 1997).
The remaining two cases (Case 2 and Case 4) were developed to address specific combinations of wind
and precipitation that have occurred or could reasonably be expected to occur in southern Florida.

Table DCM 2-1: Reservoir Level/Precipitation and Wind Conditions Reasonably Expected to
Occur Simultaneously for Freeboard Determination

Precipitation or Reservoir Level

Nlo:n}'!nai 100-Year PMP
u
Storage Storm

100-Year
Wind

-§ 156 mph
T | Category 5
S h
o 200 mp
§ (PMW)
Huégz?;ne Storm Specific Wind
{1950} and Precipitation

The values of wind speed and definition of the type of wind (gust, one-minute, fastest-mile) required
further analysis to identify the method to be used in analyzing conditions for freeboard determination.
In particular, since there is no consensus definition of a “lesser wind condition.” Comparison of various
wind speeds that could be used for design criteria were evaluated for each of the reservoir
level/precipitation events described in Table DCM 2-1, and each case is presented below.

2.1.1 Case 1: PMP Combined with 100-Year Wind

The Probable Maximum Flood (PMF) results from routing the Probable Maximum Precipitation (PMP)
event. The PMP is determined using the National Oceanic and Atmospheric Administration (NOAA)
published data in Hydrometeorological Report (HMR) Numbers 51, 52, and 53. As shown in HMR 51,
the PMP depth for southern Florida ranges from about 32 to 60 inches for 6 hour and 72 hour storm
duration’s, respectively. For CERP reservoirs, inflow is derived from a combination of pumping into
the impoundment and direct rainfall rather than gravity inflow from a contributory drainage area.
Therefore, the PMF will primarily result from the PMP falling directly on the reservoir surface, plus an
insignificant contribution of runoff from the surrounding perimeter crest road and interior slope. The
PMF for design will depend on the PMF hydrograph (duration) that produces the critical condition
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within the impoundment and at the dam. The critical condition could result from the inflow rate, timing
or total volume of storm event, dependent on the spillway design and reservoir storage available at the
beginning of the storm event. The PMF hydrograph for design could result from a high-intensity local
storm or a general storm with a long duration. Therefore, the PMP event that develops the most critical
condition, determined from the various storms identified in HMR 51, will be the design PMF for the
impoundment and associated structures.

Identification of an appropriate design wind to be used in conjunction with the unlikely PMF does not
have a documented standard practice or requirement in Florida. Therefore, different sources of wind
conditions that are typically used in facility design were evaluated. Sources included:

USACE regulations,

US Bureau of Reclamation Design Guidelines for Dams,

Federal Energy Regulatory Commission,

Florida Building Code,

The American Society of Civil Engineer’s Manual on Wind Load Conditions ASCE 07-02
(ASCE, 2003), and

e Comparable projects.

The basic wind speeds for building design presented by the ASCE for hurricane prone areas and in the
Florida Building Code are based on 3-second gusts for 50-year to 100-year return periods (ASCE, 2003,
Fig. 6-1b and Table C 6-3). ASCE Figure 6-1b (ASCE, 2003) corresponds to Figure 1606 in the
Florida Building Code.

Various wind conditions were considered in developing combinations of precipitation/reservoir level
and wind events that could reasonably be expected to occur simultaneously. Since there is little
documentation in this area, other areas of standard practice that could be used as a potential guideline
were reviewed. One analogous condition that is used in standard practice is the method for determining
the PMF based freeboard for impoundments in the northern States. The PMF for cool season months in
the northern States is determined as the PMP in combination with snowmelt from the 100-year snow-
pack (FERC, 2001, pg. 66). In many places in northern States, particularly in mountainous areas, the
contribution of snowmelt of the 100-year snow-pack with the PMF runoff is very significant. This can
be summarized as using an extreme precipitation event, in combination with a “lesser” snowmelt
condition. In identifying a combination of events for freeboard determination, a level of risk or
probability of occurrence similar to the PMP plus 100-year snow-melt would be an analogous selection.
While a PMF in Florida obviously would not have a snowmelt contribution, a similar critical condition
(ie. level of risk or probability of occurrence) that is characteristic of Florida would be the combination
of the PMP with an extreme wind speed of some lesser condition. An example of a lesser wind
condition would be a 100-year recurrence interval wind speed.

The 100-year wind condition (has a 1 in 100 probability of occurrence each year) represents a severe
criterion when placed in combination with the PMP event. The 100-year wind speed was identified as a
“lesser wind condition™ that could be reasonably expected to occur simultaneously with a PMP event,
and will be used for defining Case 1 in the freeboard determination, In addition, a recurrence interval
of 100 years will be used for the frequency of occurrence for the analysis since this will allow the
magnitude to vary with the site location in Florida, such as distance inland. Wind speeds for any given
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frequency are logically greater near the coast than they would be near the center of Florida as hurricanes
generally decrease in strength/intensity once the eye of the hurricane makes land fall. Faster moving
hurricanes tend to only weaken slightly as they move across the peninsula of Florida, but generaily have
less rainfall due to this fast progression. Significant surcharge pool levels may not result from an
individual storm. However, sequential precipitation events frequently occur with storms that provide
extreme precipitation events. Therefore, a minimum design wind speed will be used for all of the
impoundments. Slower moving hurricanes generally have greater rainfall but diminish more in strength
as they move across the peninsula of Florida.

An altemative wind speed for freeboard determination has been considered in a working draft
document by the USACE (Jacksonville District, 2004). The USACE selected a 125 mph wind speed as
the value to be used in combination with the PMP. The 125 mph wind speed would be applied to all
reservoirs to be designed in the CERP study area, Based on our understanding, the 125 mph wind
speed represents a wind at the reference level of 33 feet above ground surface, and is interpreted to
represent a wind of sufficient magnitude and duration to develop significant reservoir waves. In
summary, the December 2004 Working Draft by the USACE (Jacksonville District) states that the
maximum design wind speed recommended for CERP impoundments is 125 mph based on the
following:

1. Acknowledging South Florida’s Building Code requirement for 120 mph.

2. The theorized maximum sustained wind velocities of 130 mph for Water Conservation
Area (WCA) 1 and 2 which is further referenced to C&SF GDM summarized data as “7t is
estimated that the maximum sustained velocity on Lake Okeechobee would be about 115
mph, with a lake wide average of 85 mph. WCA-1 and —2 maximum sustained velocity
would be 130 mph (area average of 100 mph) with WCA-3 having a 120 mph (area
average of 85 mph).”’

3. GDM specifies for provision of protection against wave action for 3 or 4 hours in the case
of a stagnated hurricane,

4. Category 3 Hurricane on Saffir-Simpson Scale.

The basis for selecting the 100-year wind speed from the Florida Building Code and ASCE (2003) for
CERP projects, and the method to be used to calculate wind speeds for design for Case 1 are described
in the following section.

2.1.1.1 100 - Year Wind Speed.

Determination of the 100-year wind speed at a site using the Florida Building Code
(www.sbcei.org/floridacodes.htm, Section 1606 Wind Loads) begins with Figure 1606, which is
reproduced herein as Figure DCM 2-2. The wind speeds on Figure DCM 2-2 are 3-second gusts in
miles per hour that would be expected to occur 33 feet (10 meters) above the ground surface. The 33-ft
height for wind speeds is a standard reference height. The wind speeds are further identified as
representing 50-year to 100- year peak gusts.
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Site 1 Impoundment without the center berm
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Figure DCM 2-2: Florida 50-Year to 100-Year Gust Wind Speeds (mph)
(ref. ASCE 7-02, Figure 6-1b; Florida Building Code, Figure 1606)

The conservative assumption is to assume that the wind speeds on Figure DCM 2-2 represent 50-year
wind speeds and convert the values to 100-year wind speeds, as shown below. The equivalent 100-year
wind speeds listed in Table DCM 2-2, use a factor of 1.07 to convert hurricane wind speeds from a 50-
year to a 100-year return (from the standard structural design reference of the American Society of Civil
Engineers (ASCE) Table C 6-3, ASCE 2003). For example, if an area with a 125-mph wind speed is
selected from Figure DCM 2-2, the corresponding 3-second gust 100-year wind speed would be 134
mph.

Table DCM 2-2: Wind Speed Conversion Factors by Return Period

Return
Period Conversion
(years) Factor
500 1.23
200 1.14
100 1.07
50 1.00
25 0.88
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The 3-second gust wind speeds shown on Figure DCM 2-2 are of an insufficient duration to fully
develop significant waves. Specifically, the wind speed duration of 3 seconds is insufficient to develop
the wave height, which would occur due to the traction of a constant wind at this speed and propagate
the wave across the reservoir. Therefore, wind speed adjustments appropriate for developing significant
reservoir waves are to be developed as shown below.

ASCE Figure 6-1b (ASCE, 2003) shows the same wind speeds as Figure 1606 in the Florida Building
Code. Figures 6-1a, 6-1b, and 6-1c¢ {ASCE, 2003) cover the Gulf and Atlantic coasts from southern
Texas to Florida to North Carolina and to Maine. The figures provide “smoothed” contours of wind
speed and are based on a substantial amount of data and analysis. It would be impractical for CERP
dam design consultants to duplicate the scope of data analysis used in developing the ASCE figures and
is generally not necessary. Use of these figures provides reliable and consistent data from location to
location. The analysis of local wind speed gage data, even from first-order stations, would provide
unreliable and inconsistent results from location to location because of routine gage malfunctions at
extreme wind speeds and the “hit and miss” nature of hurricanes relative to data recording stations.
Freeboard criteria for CERP reservoirs, therefore, will be based on Figure 1606 of the Florida Building
Code for wind speed data, rather than developing wind speeds based on local gage data, with the
appropriate adjustments described below. Figure 1606, which is identified as being based on 50-year to
100-year wind speeds, will be conservatively interpreted as representing 50-year wind speeds for
application to freeboard determination.

2.1.1.2 Duration Adjustment of Wind Speeds

When evaluating wave generation in water bodies of different sizes, different wind speed averaging
intervals are appropriate. The current Coastal Engineering Manual notes that if extreme wind speeds
are being considered, wind speed should be adjusted from the averaging time of the observation (3-
second on Figure DCM 2-2) to an averaging time appropriate for wave prediction (USACE, 2003, pg.
II-2-34). To adjust the wind speeds for duration, the Coastal Engineering Manual references a figure on
page II-2-4, which also includes the defining equations? The following equations (USACE, 2003, pg.
1-2-4) show the calculation adjustments for the ratio of wind speeds by various durations, to 1-hour
average wind speeds.

For t < 3,600 v _ 1.277+0.296 tanh(0.9 log,, (4—5J] Eqn. 1
3,600 t
U,
For 3,600 <1< 36,000: =-0.15log,, t +1.5334 Eqn. 2
3,600
where:

t=time (seconds)
U, = wind speed (mph) at time t (seconds)

Us o0 = 1-hour average wind speed (mph)

This document provides working level guidance to assist in the implementation of projects and project features under the
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For a given wind speed and fetch, there is an associated wind duration that, if exceeded, cannot increase
the wave size because of the limiting effects of the fetch and depth. The following equation (USACE,
2003, Eqn. II-2-35) can be used to determine whether or not waves in a particular situation can be
categorized as fetch limited.

0.67
t = 77.23;&/1-3-(‘-%?33 Eqn. 3
where:
t = wind duration time (seconds)
X =fetch length (meters)
u = wind velocity (meters/sec)
g = gravitational constant (meters/sec’)
In English units, the above equation would be:
=112 f;: Eqn. 4

where:
¢t = wind duration time (minutes)
X = fetch length (miles)
u = wind velocity (mph)

The above Eqn. 4 is also presented in a current publication on freeboard analysis (Holler, 2004). An
example can clarify the procedure for determining the 100-year wind speed that would be coincident
with the PMP.

2.1.1.3 Example Wind Speed Adjustments

The following wind speed determination generally follows the example procedure for estimating winds
for wave prediction provided in the Coastal Engineering Manual beginning on page II-2-34 (USACE,
2003).

1. Assume the reservoir is in an area where the gust-wind is 125 mph based on the Florida
Building Code (Figure DCM 2-2).

2. Adjust the 50-year, 3-second wind speed to an equivalent 100-year wind speed:

(125 mph) * 1.07 = 134 mph

This document provides working level guidance to assist in the implementation of projects and project features under the
Comprechensive Everglades Restoration Plan (CERP) program implemented by the South Florida Water Management District,
the Florida Department of Environmental Protection, and the U.S. Anmy Corps of Engineers. The guidance does not supersede
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3. Adjust thel34 mph, 3-second wind speed to a 1-hour wind speed duration with Eqn. 1

U,

=1.51

3,600
The resulting 1-hour average wind speed would be 89 mph (134 mph/1.51).

4. Adjust the over land wind speed to an over water wind speed (USACE, 2003, pg. 11-2-36).
Considering that various sources provide some conflicting information regarding overland
versus over water wind speed adjustments, the conservative approach has been taken that
adjusts over land wind speeds to an over water wind speed using a factor of 1.2. The resulting
over water wind speed is (89 mph)*1.2 == 107 mph.

5. Assume the reservoir fetch is 5 miles. For this 107 mph wind speed, the minimum duration
from Eqn. 4 is 67 minutes (4,020 seconds). Eqn. 4 is used to determine whether or not waves
in a particular situation should be categorized as fetch limited.

6. Adjust the 1-hour 107 mph wind speed to 67 minutes duration using Eqn. 2.

Yaam _ 993

3,600

The resulting 67-minute average wind speed to be used for the freeboard determination would
be 106 mph. Note, that if the fetch distance was longer, the adjusted wind speed could be less
than 100 mph. The minimum wind speed for impoundment design will be a 100 mph over-
water, one hour wind speed.

In summary, the application of a 100-year frequency wind speed with the PMF is judged to be of a
similar level of risk or probability for freeboard determination, as applied in engineering practice
elsewhere for reservoir design. Based on reviews and discussions it was agreed that the 100-year wind
speed will be used to represent an extreme, but reasonably possible wind speed in combination with the
PMF, for Case 1 as described above. The 100-year wind speed will be determined from the Florida
Building Code or ASCE 07-02 map (and assuming the values have a recurrence interval of 50 years)
for the specific project site, and adjusted to the 100-year recurrence interval at the applicable over water
wind height, and duration required for wave setup and wind run-up analysis.

2.1.2 Case 2: 100-Year Precipitation Combined with Category 5 Hurricane
Winds

Case 2 was identified as one combination of precipitation and wind conditions that could be reasonably
expected to occur simultaneously. Freeboard Case 2 defined in Table DCM 2-1 includes a Category 5
wind speed as defined by the Saffir-Simpson Hurricane Scale with a 100-year precipitation event. The
Saffir-Simpson Hurricane Scale classifies hurricanes based on intensity and damage potential using five
categories from 1 through 5, with 5 being the most intense. The Saffir-Simpson Hurricane Scale
categorizes hurricanes based on 1-minute sustained wind speeds (ASCE, 2004, pg. 116). The Saffir-

This document provides working level guidance to assist in the implementation of projects and project features under the
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Simpson hurricane wind speeds are presented in Table DCM 2-3, including adjustments to comparable

gust (3-second) and 1-hour average wind speeds based on Eqn. 1.

Table DCM 2-3: Saffir-Simpson Hurricane Categories with Duration Adjusted Winds

Duration Duration
Hurricane Reference Adjusted Adjusted
Category Wind Speed Wind Speed Wind Speed
(1-min. avg.) | (3-sec. Gust) | (1-houravg.) |
1 74 - 95 mph 90 - 115 mph 59 - 76 mph
2 96-110mph | 116-133mph | 77 - 88 mph
3 111-130 mph | 134 - 158 mph | 89 - 104 mph
4 131 - 155 mph | 159 - 188 mph | 105 - 124 mph
5 > 155 mph > 188 mph > 124 mph

From Table DCM 2-3, it is evident that the 3-second gust wind speeds for southern Florida shown in
the Florida Building Code (see Figure DCM 2-2) mostly fall into the Category 2 equivalent wind speed
classification when compared to the duration adjusted values. Case 2 consists of a reference design
wind speed selected for combination with the 100-year precipitation event. The wind speed for Case 2,
the minimum wind speed that would classify a hurricane as Category 5 will be used, and interpreted as
an over water wind speed (i.e. the factor to convert an over land wind speed to an over water wind
speed is not applied). The Category 5, 156 mph wind speed for a 1-minute average converts to 125
mph for a 1-hour average wind speed that would have a sufficient duration to generate significant winds
on the water surface.

The 100-year precipitation depths coincident with the Category 5 wind speeds can be determined from
Technical Publication EMA # 390 - Frequency Analysis of Daily Rainfall Maxima for Central and
Southern Florida (Pathak 2001). In the freeboard determination, the 3-day 100-year precipitation, as
shown on Figure DCM 2-3, will be combined with the Category 5 wind speeds for Case 2.

This document provides working level guidance to assist in the implementation of projects and project features under the
Comprehensive Everglades Restoration Plan (CERP) program implemented by the South Florida Water Management District,
the Florida Department of Environmental Protection, and the U.S. Army Corps of Engineers. The guidance does not supersede
existing or future federal or state regulation, does not constitute policy for any of these agencies, and does not create authority
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Figure DCM 2-3: 100-Year, 3-Day Precipitation (inches)
(ref. Pathak, 2001)

2.1.3 Case 3: Probable Maximum Wind Speed

A third combination of precipitation and wind conditions that could be reasonably expected to occur
simultaneously would include a PMW. It is reasonable to assume that a PMW could occur, and
reasonable combinations of extreme precipitation events and extreme (but Iesser than maximum) wind
conditions are considered in Case 1 and Case 2. Therefore, another logical occurrence of events to be
considered would be a PMW combined with the reservoir level at the normal full storage level, which is
typically considered as the uncontrolled spillway level. There are no known standard references that
define the PMW, applicable to southemn Florida. Identifying a PMW in a hurricane area poses
substantial difficuity, ranging from recorded readings limited by the maximum speed capability of the
instrument or damage from flying debris, to fixed point land based instrument locations that most likely
have not experienced/recorded the maximum wind conditions (which vary substantially in various
sectors of a cyclonic event) generated by the storm. Therefore, selection and application of a PMW for
freeboard determination will be used for evaluation of the sensitivity of an extreme wind speed in
combination with a normal full storage level. Two hundred miles per hour was initially selected at the
workshop as the preliminary wind speed for Case 3. A review of historic hurricane wind speeds was
performed to evaluate wind speed records and develop an appropriate value to represent a PMW.

This document provides working level guidance to assist in the implementation of projects and project features under the
Comprehensive Everglades Restoration Plan (CERFP) program implemented by the South Florida Water Management District,
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