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Description of Tropical Storm Bob

The system which became Tropical Storm Bob developed when the
remnants of a weak surface trough of low pressure merged with an upper
low to form a tropical depression in the southeast Gulf of Mexico on the
afternoon of July 21. Despite unfavorable atmospheric conditions, the
depression reached tropical storm strength on the afternoon of the 22nd,
and was christened "Bob".

The storm moved eastward, reaching its maximum intensity of 50 miles
per hour (mph) with gusts of 70 mph just before moving inland near Fort
Myers on the morning of July 23. Figure 1 illustrates the path of
tropical storm Bob. The broad, disorganized center crossed the
peninsula, emerging into the Atlantic in the Stuart-Jupiter area during
the late evening of the 23rd, after which it turned northward moving out
of the area. The storm received a short-lived hurricane status after
gaining strength over the Atlantic and producing 75 mph winds with gusts
up to 92 mph.

The storm was noteworthy in that the southeast quadrant of the storm
was very wet, while the northern half was virtually rain-free. This was
due to the fact that the storm's low level inflow was confined to the>
southern section off the Gulf of Mexico. The southern section was the
area of strongest convergence in the storm, and consequently had the
most rain. Rather strong high level winds from the northwest also
contributed to keeping the majority of the convection on the south side
of the center.

In addition to the asymmetry of the rainfall pattern, Bob was also
rather unusual for the track it followed (refer to Figure 2). In nearly
100 years of data, no storms have been observed to move eastward across

1
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south Florida in late July; a motion far more common in very early
season or very late season storms. The motion was due to a temporary
suppression of the Atlantic high far enough south to allow upper level
westerlies to develop across south Florida. In fact, this invasion of
the westerlies was the major mechanism responsible for initiating the
disturbance which eventually became Tropical Storm Bob, and also was a
factor in the storm's unusual structure.

Tropical Storm Bob's intense rains and gusting winds affected the
southwest coast of Florida the most. Many of the areas from Fort Myers
to Everglades City reported flooded streets, downed power lines, and
closed businesses. The most common property damage reports were limited
to screened porches, car ports, and roofs.

The Sanibel Island causeway was closed for four hours during the
storm due to heavy rain and winds gusting up to 60-65 mph. Extensive
street flooding and an estimated $250,000 damage to the Sanibel Arms
West condominiums were also reported.

In Naples, heavy rain and 65-70 mph winds resulted in widespread
flooding and some sunken boats. Two pilings of the Naples pier were
washed out by the surf. After the storm, the Florida Marine Patrol
monitored erosion along the Gulf Coast and reported that damage was the
worst in Naples and on Lido Beach in Sarasota. Sanibel, Captiva, and
Marco Islands, as well as Bonita Beach also reported varying degrees of
beach erosion.

Much of Marco Island was covered with a foot of water after 10.5
inches of rain fell in the area. Water was also reportedly lapping at
the steps of the city hall in Everglades City. Fort Myers Beach
reported 3 feet above-normal tides.

4



Palm Beach and Broward Counties received heavy rainfall and 40-50
mph winds. Many streets were flooded, but there were no reports of
flooded homes. Gusting winds at the Butler Aviation compound at Palm
Beach International Airport overturned three small planes. Florida
Power and Light representatives estimated that 75,000 customers were
temporarily without power.

Thunderstorms with high winds dropped several inches of rain and
caused power failures in the Miami area. Two confirmed tornadoes were
sighted in the Miami-Fort Lauderdale area, but did little damage. Eight
Miami families received emergency shelter aftér the roof of their
apartment building collapsed from the rain. Beach erosion at Miami
Beach and Key Biscayne was severe enough that renourishment may be
required.

Tropical Storm Bob caused minimal damage compared to the June 1982
unnamed storm that hit the southwest coast (causing at least $100,000
damage in Collier County and $3 million damage in Lee County, mostly to
condominiums along Bonita Beach).

The storm brought local relief to some of the areas of south Florida
which had been experiencing a severe rainfall deficiency, although most

of south Florida continued to have below-normal rainfall for the year.



II.

Rainfall Characteristics

A.

Distribution

The poorly-defined center of Tropical Storm Bob passed over the
west coast of Florida during the early morning hours of July 23 and
reached the Atlantic Ocean by that evening. Rainfall associated
with the storm lasted through parts of July 24 for some areas of
Florida's east coast. The daily rainfall readings for the storm
event were taken at various stations throughout south Florida.

Figure 3 illustrates the locations of the rainfall stations
that were used in this report. The daily rainfall values recorded
at these stations were used in developing Figures 4, 5, and 6, and
are tabulated in Appendix B.

Figure 4 shows the isohyetal map of the total three-day
rainfall accumulated from July 22 to July 24. Collier and Monroe
Counties received the highest rainfall amounts ranging between 2 and
20 inches during this period. The highest three-day total of 21.5
inches was recorded at the rainfall station near Everglades City
(MRF6048). Rainfall station MRF370 in Royal Hammock State Park
recorded 15.3 inches during the storm. Hendry County received
between 1 and 4 inches, while Palm Beach County received from 1 to 6
inches. The highest rainfall amounts along the east coast occurred
between the areas surrounding Boca Raton and Fort Lauderdale. These
areas received 4 to 6 inches with a maximum of 7.8 inches recorded
at Lake Worth station MRF213. Dade County received between 2 and 4
inches. Areas north of Lake Okeechobee received the lowest rainfall

amounts--ranging from 0 to 2 inches. Martin and St. Lucie Counties
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received about 2 inches, with a small area near Fort Pierce
receiving 3 inches.

Since it is difficult to accurately estimate daily rainfall
distribution over a large area due to the fact that reading times
for the gages vary, isohyetal maps of one-day and two-day maximum
rainfall were constructed. Figure 5 illustrates the maximum
recorded one-day rainfall that occurred between July 22 and July 24.
The largest one-day maximum rainfall amount was 14.5 inches which
was recorded near Everglades City on July 22. Figure 6 shows the
maximum recorded two-day rainfall that occurred between July 22 and
July 24. The largest two-day maximum rainfall was 21.5 inches which
was also recorded near Everglades City between July 22 and July 23.
Figures 5 and 6 resemble Figure 4 with respect to the areal
distribution of the storm. These isohyetal maps all illustrate that
the lower west coast received the largest rainfall amounts during
the storm. The return periods associated with the maximum one- and
two-day rainfall amounts for various locations are discussed at the
end of this section.

The occurrence of Tropical Storm Bob brought many areas of
south Florida from a monthly rainfall deficiency to a monthly
surplus; however, some areas remained below the normal July totals.
Figure 7 shows the isohyetal map of total rainfall for July 1985.
Figure 8 illustrates the isohyetal map of the normal July rainfall.
Comparison of these two figures indicates that most of the areas
south of Lake Okeechobee received rainfall in excess of normal.

Some areas of northwest Palm Beach County and central Hendry County
received near-normal rainfall; while most of the areas

9
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north of Lake Okeechobee had below-normal July rainfall. These
areas received little or no rainfall from Tropical Storm Bob.

Figure 15 illustrates the contribution that Tropical Storm Bob
made to the cumulative 1985 rainfall. Rainfall in excess of 10
inches at Naples raised the cumulative rainfall to about 4 inches
above normal. Precipitation at S-6 near Water Conservation Area 1
brought the cumulative rainfall to near-normal Tevels; however, the
precipitation at S-131 on the northwestern shore of Lake Okeechobee
was minimal, providing little relief to the existing rainfall
deficiency in the area.

Figures 9, 10, 11, and 12 illustrate the hourly rainfall
distributions (hyetographs) for areas near Naples, Homestead, WCA-3,
and Lake Okeechobee, respectively. These areas were selected in
order to illustrate the hourly distribution of Tropical Storm Bob
for different locations in south Florida. Comparison of Figure 9
with Figures 10, 11, and 12 shows that the area near Naples received
more rainfall than the Homestead, WCA-3A, and Lake Okeechobee areas.
Comparison of Figure 11 with Figure 12 shows that the areas near
WCA-3A received much more rainfall than the areas surrounding Lake
Okeechobee.

Table 1 lists the maximum hourly rainfall intensities for the

Naples, Homestead, WCA-3A, and Lake Okeechobee areas.
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Table 1. Maximum Hourly Rainfall Intensities
at Selected Stations

Most Intensive Rainfall Intensity
Location Time and Date (in/hr)
Near Naples
Royal Hammock State Park 8 a.m.-9 a.m., July 23 3.86*
(MRF370)
Near Homestead
S-332 (MRF309) 9 a.m.-10 a.m., July 23 0.60
Near WCA-3A
WCA 3-36 (MRF106) Noon-1 p.m., July 23 0.69
S-9 (MRF115) 1p.m.-2 p.m., July 23 1.94
S-140 (MRF145) 1p.m.-2 p.m., July 23 0.75
Near Lake Okeechobee
Pelican Lake (MRF131) 10 a.m.-11 a.m., July 24 0.27
S-131 (MRF52) 0.05

*MRF6048 near Everglades City is not an hourly station,
but the magnitude of the daily values indicate that the
hourly rainfall intensity at that station might equal or
exceed the intensities recorded at the Royal Hammock
State Park.
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The temporal distribution of the storm can be seen by noting
that the higher rainfall intensities occurred at different times.
Comparing the maximum intensity near Royal Hammock State Park with
the maximum intensities of the other stations indicates that the
area near Naples received the most intense part of the storm 1 to 4
hours before the areas near Homestead and WCA-3A, respectively.
Comparing the maximum intensity near Homestead to thosé 6f WCA 3-36,
S-9, and S-140 shows that the Homestead area felt the most intense

part of the storm about 3 hours before the area near WCA-3A.

Return Period Estimation

| As stated previously, the coastal areas of Collier and Monroe
Counties received the greatest amounts of rainfall from Tropical
Storm Bob. The reader may feel more comfortable expressing these
large amounts in terms of their return period (i.e, the n-year
rainfall). For example, the 100-year rainfall is defined as the

rainfall that is equalled or exceeded on the average once in 100

years. Using District Technical Publication 81-3, "Frequency
Analysis of Rainfall for Central and Southern Florida", return
ﬁeriods for various locations were determined for l-day and 2-day
maximum rainfall amounts. The 14.5 inches recorded at Everglades
City in one day has a return period greater than 100 years. The
two-day rainfall of 21.5 inches recorded at Everglades City also has
a return period greater than 100 years. (The one- and two-day, 100-
year rainfall amounts at Everglades City are approximately 11 and 16

inches, respectively.)
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Figures 13 and 14 illustrate the return periods for the maximum
one- and two- day rainfall resulting from Tropical Storm Bob.

The maximum one- and two-day rainfall amounts exceeded the 100-
year events in parts of Collier and Monroe Counties surrounding
Everglades City. They did not, however, exceed the 2-year events
outside Collier and Monroe Counties, with the exception of the Water

Conservation Areas. Portions of WCA-2A experienced a 3-year event.
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I1I1. Antecedent Conditions

A. Rainfall
Most of the SFWMD areas had received below-normal rainfall in
1985 prior to Tropical Storm Bob. Phase I restrictions were imposed
in Lee and Collier Counties in early June primarily due to the
regional rainfall deficiency. Figure 15 shows 1985 cumulative
monthly rainfall for three locations in the District compared with
their respective historical average values. These average values
are site-specific and contain at least 20 years of record. From
Figure 15 Naples, S-6 (near WCA-1), and S-131 (on the northwest
shore of Lake Okeechobee) all had received below-normal rainfall
prior to Tropical Storm Bob, with deficiencies ranging from 4 to 7
inches.
B. Canal Stages
Figures 16 and 17 show daily stage hydrographs at four selected
sites from July 1 to July 21, reflecting conditions prior to the
tropical storm. Also shown are the optimum stage for S-197 and the
automatic settings for S-18C. The reader is referred to the maps in
Figures 21-23 to locate these and all other structures referenced in
this report.

C. Groundwater Stages

Figure 18 shows the location map for the surficial aquifer
groundwater wells that are referenced in this section. Figures 19
and 20 illustrate the groundwater levels before and after the storm
for selected wells in Lee, Collier, Palm Beach, and Broward

Counties. The before-and after-storm reading dates for the wells in
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Lee County were July 18 and July 3l. Co]]iér County wells C-54 and
C-51 were read on July 18 and July 29. Well C-503 was read on July
15 and July 30. A1l of the Broward County wells were read on July
11 and July 25. Both Palm Beach County wells were read on July 12
and July 26. Most of these selected wells show an increase in water
levels after the occurrence of the storm. The exceptions are wells
C-54 and C-131 in Collier County which show a slight decrease.

These wells are located in eastern and northern Collier County areas

which did not receive the major rainfall from the storm.
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IvV.

Operation of the System

A.

Field Inspection of Affected Areas

Prior to the storm, rainfall in the general Marco Island/Naples
area was less than normal. As a result, lakes, canals, ditches, and
the ground itself had ample storage for Tropical Storm Bob. By mid-
morning, all lakes, canals, and ditches were overflowing. The
unpermitted areas and roads were inundated. Permitted projects,
however, had standing water in low areas only. For example, the old
unpermitted portions of Lely Estates (roads, low areas, golf
courses, etc.) were inundated, whereas the permitted portions held
water in Tow areas but roads were not inundated.

In the entire Marco Island/Naples area no adverse impact such
as home flooding was observed. The major drainage system in the
county and permitted projects functioned without incident. Within a
period of 24 hours the inundated area had receded because of two
factors; the dry season prior to Tropical Storm Bob provided ample
storage, and the outfall structures helped the system to drain
rapidly except during periods of high tides. Farmers in the area
detained the runoff from the storm in their fields for beneficial
purposes such as killing nematodes and increasing percolation.

The Collier County Water Management Department along with the
Big Cypress Basin Board had made adequate preparation for a storm
event and were very pleased with the results of the preparation.

No flooding complaints were received in relationship to
Tropical Storm Bob from North Palm Beach County or Martin County.
Minor street flooding was observed and served as an inconvenience
during and immediately after the storm. Runoff and percolation was
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rapid with the passing of the storm and this was attributed to the
unusually dry spring and winter. Low areas in Martin County did
have standing water for a few days, but it had no major effect on
residential areas. Wetlands which had been reasonably dry
benefitted greatly from this particular storm.

Hydrologic Conditions During the Storm

Coastal Collier County

Figure 24 illustrates the hourly stage hydrograph at Golden
Gate Canal at Naples. A peak stage of 5.45 feet NGVD was reached at
0900 hours July 24 and lasted about 3 hours. A gage height at 7.14
feet on September 14, 1971 was the highest recorded stage in 18
years of record. No peak discharge estimate was available.

Figure 25 shows the hourly stage hydrograph at Faka Union Canal
near Copeland during the storm. This gage is located five miles
west of the hourly rainfall station at Royal Hammock State Park (see
Figure 9). Figures 9 and 25 show the peak stage of 4.65 feet NGVD
at 1000 hours July 23 was reached one to two hours after the most
intense part of the storm. The maximum peak discharge at this
location was 3200 cfs on September 15, 1971 with a corresponding
gage height of 4.77 feet NGVD. The estimated peak discharge during
Tropical Storm Bob was 3200 cfs, based on an October 1981 rating.

Montura Ranch Area

Pumping into the Montura Reservoir began early during the
storm, although not all the pumps were operational. Maximum
permissible discharge was made to the east through structures G-96

and G-136 to the Miami Canal, and via L-1, L-2, and L-3 borrow
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canals to WCA-3A. On July 22 discharge was made through structure
G-135 into the Flaghole Drainage District (FDD) canal, but the FDD
forced the closure of that structure on the 23rd, allowing it to be
opened on the 24th. The FDD again forced the closure on the morning
of the 25th. As a result, the pumps into the reservoir were not
able to keep up with the rising water in the residential areas which
experienced considerable street and yard flooding, but no house
flooding. Since no discharge could be made from the reservoir, the

level rose as shown in Table 2.

Table 2. Daily Levels at Montura Reservoir

Reservoir Level Reservoir Level
Date (feet NGVD) Date (feet NGVD)
7/22 22.98 7/26 23.42
7/23 23.12 7/27 23.48
7/24 23.3¢ 7/28 23.52
7/25 23.36 7/29 23.55
7/30 23.56
7/31 23.56
8/1 23.38

Since the lowest point in the reservoir perimeter dike was
about 24.8 feet NGVD, the SFWMD had instructed the Central County
Water Control District to terminate pumping when the reservoir
reached a stage of 24.0 feet. Fortunately, this stage was not
reached as a result of the storm, though it did continue to rise

until well after the storm, peaking at 23.56 feet on July 3l.
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Everglades Agricultural Area (EAA)

Runoff was pumped continuously at S-2 and S-3 at near-maximum
rates into Lake Okeechobee beginning from the week before Tropical
Storm Bob through the entire storm. Figure 26 illustrates daily
stages and storages of Lake Okeechobee for July. In addition, water
was pumped into the Water Conservation Areas (WCA) in a similar
manner beginning before the storm at S-5A, on the evening of July 22
at S-6, S-7, and S-8, and continuing through the storm period at
these four pump stations. No difficulty was experienced in holding
stages in these canal basins between 10.0 feet and 11.0 feet NGVD.

Pump station S-4 was not used during the storm. Runoff from
the basin flowed by gravity into Lake Okeechobee through lake
culverts 1 and 1A, and eastward through S-169, C-21, and Industrial
Canal into Lake Okeechobee via the open S-310 Tock chamber. The
normal operating range of the canals in the S-4 basin remained in
the normal operating range of 12.0 feet to 12.5 feet NGVD.

Water Conservation Areas (WCA)

Direct rainfall was heavy in all three water conservation
areas. This, coupled with continuous pumping at all pump stations,
brought the stages up sharply in all three areas. Figures 27
through 29 show the July stages and storages for WCA-1, 2A, and 3A
respectively. WCA-1 rose above schedule and all S-10 structures
were opened fully. The control structures for WCA-2A were already
open fully as part of the three year drawdown program. The control
structures for WCA-3A were open only slightly in accordance with the

experimental program to link discharge into Everglades National
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Park to a rain driven model. The stage'in WCA-3A increased 0.5 feet
from July 22-24 which brought an additional 170 thousand acre-feet
of available storage to the area.

Coastal Palm Beach County

On the evening of July 22, coastal control structures S-155,
S-41, and S-40 (on canals C-51, C-16, and C-15, respectively) were
placed on low range, thus lowering the canal stages about 1.0 foot.
This action provided Timited extra storage in the lakes and canals,
and increased the gradient and capacity of the secondary system.

The divide culvert in C-51 (G-124) had already been closed and
inflows in the western part of the basin were passed through S-5AE
and S-5AW, and pumped into WCA-1 throughout the storm.

On the morning of July 23, the control structure S-44 on the
C-17 canal was opened by the Communications & Control System (C&CS),
and the stage was lowered almost 2.0 feet until after the storm.

For a brief period during intense rainfall, the gates were opened at
structure S-155 on the C-51 canal between 1800 hours and 1925 hours.
The C-51 stage east of divide structure G-124vpeaked at an elevation
of about 10.0 feet NGVD around midnight on July 23, and west of
G-124 at an elevation of 11.25 feet NGVD a few hours earlier. On
the morning of July 25 all structures were restored to their high
range automatic operation.

The rainfall in northern Palm Beach County was light and the
control structure S-46 remained on the high range automatic mode,
but never opened. Increased discharges were made through the G-92

culverts into the northwest fork of the Loxahatchee River.
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Coastal Broward County

Coastal control structures were fully opened on the evening of
July 23. These structures, except G-56 (Deerfield Lock), were
returned to automatic operation late July 24, or early July 25. Two
pump stations on the C-11 canal (S-9 at the west end, and S-13 at
the east end) pumped continuously during the entire storm. S-9 had
been pumping the weekend before the storm; S-13 began pumping late
July 22, and both were still pumping through the night of July 28.

In spite of the maximum gate openings, canal stages were very
high at the west end of C-14, C-13, and Hillsboro Canal, reaching
8.0 feet, 6.6 feet, and 9.9 feet respectively. Flood levels are
considered to be 8.2 feet, 6.0 feet, and 9.0 feet respectively.
Stages on the west and east sides of the divide structure on the
C-11 canal reached 4.6 feet and 2.5 feet respectively. Peak stages
were reached very early July 24.

In an effort to reduce the very high stage at the west end of
the C-13 canal, structure S-124 was opened and pump station G-123
was activated. This operation was limited because of water quality
considerations caused by construction of the Sawgrass Expressway.
During the storm, however, the turbidity was less than it was the
week before. This operation was terminated late July 25 when the
stage in C-13 was lowered.

The limited capacity of the west end of the Hillsboro Canal was
confirmed by this storm. The S-39 tailwater stage peaked almost one
foot above flood level at 1130 hours July 24. The gate at the
Deerfield Lock (G-56) control structure was open fully since 1500
hours July 23 (see Figure 30). Because of the high stage, all the
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boards were removed from the spiliway at about 0800 hours July 24.
By 1600 hours July 25 the stage at the west end was still at the 9.0
feet flood level, and was falling very slowly.

North Dade County

This area experienced few problems. Most coastal structures
remained on normal dperating settings, and frequent gate operations
controlled water levels in the safe range. As an example, the west
end of the Miami Canal (C-6) peaked at 4.07 feet NGVD early July 24
compared with a flood level of 5.3 feet. The only problem area was
in west Miami where inadequate secondary drainage facilities
frequently cause problems. To counter this problem S-25B, the
coastal control structure on the Tamiami Canal (C-4), was placed on
flood range automatic at 1200 hours July 23. The control structure
$-22 on C-2 canal was opened 4.0 feet at 1400 hours the same day.
This canal intersects C-4 at the Telemark recorder (T-5) where the
flood level is 4.5 feet. The control structure G-97, on the Coral
Gables Canal, was opened at 0900 hours July 23 and remained open for
the duration of the storm. This canal intersects C-4 between C-2 |
and S-25B. These actions quickly lowered the east end of C-4 and
C-2 close to the tidal level through the storm. Nevertheless, the
stage at T-5 rose above 4.5 feet NGVD at 1600 hours July 23, peaked
at 4.88 NGVD feet at 2100 hours the same day, dropping gradually to
4.5 feet at 1800 hours July 24, and to 4.0 feet at 1500 hours July
25,
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South Dade County

On the evening of July 22 the coastal control structures S-20F,
S-20G, and S-21A were all placed on low range automatic, lowering
the east ends of the canals in that area close to the tidal level
where they remained throughout the storm. At the same time, the
ridge structures $-195, S-164, S-166, and S-167, as well as S-175
and S-178, were all opened fully for the duration of the storm. The
divide structures on C-103 and C-102 canals were also opened fully
for the duration of the storm. The latter action was of little
effect as these canals flattened and virtually no flow occurred
during the storm as shown in Table 3.

Table 3. Daily Discharges through S-194 and S-196

Date Flow in CFS
— 3-194 5-196
7/22 0 0
7/23 90 80
7/24 60 30
7/25 120 65

On the main stem of L-31N to C-111 canal system the operation
during July 22 had been following the terms of an agreement which
resulted from an action in Federal District Court. This agreement
required pumping at station S$-331, with the structures S-176, S-177,
and S-18C on automatic operation. Because of thé storm on the
evening of July 22, pumping was terminated at S-331, structures S-
176, S-174 S-177, S-18C, and the culverts at S-197 were opened
fully. The stage hydrographs for S-18C and S-197 are shown in
Figures 31 and 32 respectively.

The divide structure S-338 on the C-1 canal also was opened
fully in an attempt to remove some of the water from borrow canal
L-3IN north of S-331 which had no other discharge during the storm.
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As a result of the above actions, the stage north of S-331 rose to
5.1 at 0900 hours July 23 and to 5.9 at 0800 hours July 24. The
downstream stages fell initially, but rose as a result of the storm

as shown in Table 4.

Table 4. C-111 Stages
§$-331 Tailwater S-177 Headwater

Date Time (in feet NGVD) (in feet NGVD) Comment
7/22 1600 5.50 4.21 Pumping secured
7/23 0100 4,39 3.29 No pumping
1100 5.31 4.21 No pumping
1300 5.58 4.35 No pumping
1800 5.71 4.30 No pumping,
plug removed
2400 5.56 4.10 Plug out,
no pumping
7/24 0800 5.34 3.89 Plug out,
no pumping

According to the operational criteria established by the Corps
of Engineers, the earthen plug at the lower end of C-111 canal near
S-197 was to have been removed whenever the headwater stage at
structure S-177 reached 4.3 feet NGVD, the design stage at that
structure. As shown in Table 4, the critical level was reached by
1300 hours July 23. Since the storm was still southwest of Lake
Okeechobee and moving east, and the stage at S-177 was still rising,
the decision was made to remove the plug. The Army Corps of
Engineers concurred with this decision. After the plug was removed
and the rains subsided, the canal began to fall as shown in Table 4.

Since the storm appeared to have passed and the canal stages in
L-31N and C-111 had receded, the decision was made to replace the
plug, and the operation was begun early on July 24. Considerable
difficulty was experienced in replacing the plug because of the
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strong flow. Consequently, S-18C was closed for some time, from
about 1600 to 2000 hours (see Figures 31A, 31B, and 32). Naturally,
the canal stages above S-18C rose during this time; the headwater at
S-177 reached 4.17 at 2000 hours. After the plug had been replaced,
the agreement resulting from the Federal District Court was again
followed and the pumping resumed at S-331.

The U. S. Geological Survey measured the flow in C-111 at U. S.
Highway No. 1 above S-197. The preliminary estimates of the flow

are shown in Table 5.

Table 5. S$-197 Discharge Measurements (July 24)

Average Water Level Average Velocity Discharge

Time Above S-197 (ft/sec) (cfs)
11:05-11:40 0.58 1.73 2160
11:40-Noon 0.59 1.77 2200
12:50-1:30 0.48 1.68 2090

The Northern Portion of the SFWMD

The portions of the District north of Lake Okeechobee received
virtually no rainfall from Tropical Storm Bob, hence no operational
actions were required. A1l lakes north of Lake Okeechobee were near
or below flood regulation levels and no action was needed.

Kissimmee River inflow was small due to the small quantity of

rainfall that basin received from the storm.
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V.

Summary

Tropical Storm Bob brought local relief to some of the areas of the
SFWMD, such as the Lower West Coast, which had been experiencing a
severe rainfall deficiency. However, most of the areas near and to the
north of Lake Okeechobee continued to have below-normal rainfall for the
year.

The storm passed over south Florida during the major part of July 23
with accompanying rain and winds lasting through July 24. The storm's
eastward movement was anomalous for late July tropical cyclones.
Tropical Storm Bob's intense rain and gusting winds affected the
southwest coast of Florida the most. Flooding, property damage, and
varying degrees of beach erosion were reported from Fort Myers Beach to
Everglades City; however, damage was minor compared to the June 1982
unnamed storm that affected the southwest coast. Many streets were
flooded in Palm Beach and Broward Counties but there were no reports of
flooded homes. Two tornadoes were sighted near the Miami-Fort
Lauderdale area, but did 1little damage.

In a 48-hour period near Everglades City more than 21 inches of rain
was recorded. The one- and two-day maximum rainfall at Everglades City
exceeded the 100-year event. Rainfall exceeding the 2-year event was
confined to Collier and Monroe Counties, with the exception of the Water
Conservation Areas. The areas of the District surrounding and to the
north of Lake Okeechobee received little or no rainfall from the storm.

Most of the SFWMD had received below-normal rainfall in 1985 prior
to Tropical Storm Bob; flooding in these areas was consequently less

severe due to the dry antecedent conditions.
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A review of the operation of the system during the storm indicated
there were no serious problems encountered. The earthen plug at S-197
was removed during the storm according to criteria established by the
Army Corps of Engineers. S-18C was closed for about 4 hours to

facilitate the replacement of the plug.
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APPENDIX A
Synoptic Maps and Satellite Photographs
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APPENDIX A - continued

TUESDAY, JULY 23, 1985
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APPENDIX A - continued
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iian wmsaaiy o 8 TR ) ! L = )
SURFACE v:‘nvu::: :::;p . —ﬁ?—v e 6’3" V. ey PR { - -~ 5
AND STATION WEATH ¢ = < 3 - VL 3
l_ L [‘“' — B st 1 3 05 o s SN .</U
S AL — — e —
s b I s . T

58



€v°2 ybLupLiy 20°0 9¢°1 Go* uLjdep
65°0 e 00:8 G0°0 0S°0 00°0 uLjdaep
15°0 e 00:8 90°0 Gv°0 00°0 utjJey
¥9°2 d og:y €L°0 16°0 ov°1 utjaepy
ge ¢ wbLupty  00°0 LE°T 9°T aLan *1s
8L°2 ® 00:6 G0°0 09°2 £1°0 aLan 1S
¥5°0 ® 00:8 00°0 16°0 £0°0 sape|9
v°1 " 80°0 [v°0 26°0 sape|9
6E° Y " G0°0 €6°1 "2 sapely
22°0 wbLuptl  60°0 ¥0°0 60°0 sope|y
¥0°2 e 00:8 11°0 99°0 [2°1 sape|y
0L°0 e 00:8 1 0L°0 00°0 Aupusy
16°1 e 00:8 €0°0 16°1 €0°0 Kapuay
09°2 ® 00:8 00°0 02°0 ov°2 Aapuay
9 ¥ JybLupLi G0°0 86°1 £v°2 Kapusy
9¢°1 e 00:8 G2°0 08°0 1€°0 Kapuay
00°€ e 00:8 08°0 0€°1 06°0 4811109
0S§°T2 e 00:8 00°0 0S°tT 00°¢ J9LLL0J
£0°9 e 00:8 16°2 00°2 01°1 4911109
v2°2 d 00:% ¥5°0 0S°0 02°1 43LL10)
X wybLuptl  62°0 86°€T 01°1 L1109
T¥°01 d 00:¥ 90°2 99°/ 69°0 JoLL10)
11°2 d 00:8 60°0 6t°1 £5°0 997
GL°0 e 00:8 €0°0 05°0 22°0 997
GI°1T e 00:8 ot°0 09°0 G1°0 9917
Le30l awt | v2/L £2/L 22/L A3uno)

GET-S 0ST
(307) 007 edehey 3404 18
%207 aLanT *1§ 6t

NT 34en3s 2809

uorjels plaLd 8d43td " LE
20J91Ld *34  2€09

%907 eu03dQ 9

621-S 251

=S 861

1€1-S 2§

T %207 USARH 3400K 8£09

uspJey s, [LAS( 982

(2S9H) s4oauLbuj jo sduo) uoysimal)  6E0L
youey e Al

uoL3e3s pLatd4 uolsLMa|) €9
eplad  Sv0L

AJaenioues MIUISHA0) €92

K310 sepe|badAl 8109

KaasanN 3saM Aeg ¥82

*jouw] yasn-qel PLatd4 “el4 °OS e
yded 913§ ooumey [eAoy 0L€
saldeN  /¥09

suf *34 €609

swJue 4 ALY 052

%207 utpjuedd 6/-S 122

aweN uoLjels ENTT

qOg Wa03S [eoLdoJ] bulan( SuoL3}ed07 SnoLJep je sanjep [lejuley Kiieq

9 XION3ddV

59



€cy " 10°0 o1°¥ ¢t 0 apeq
vL°2 " 00°0 §5°¢ 61°0 ape(
81°¢ " 00°0 SL°1 €v o opeq
LETE JUBLUPLW 00°0 0€°€ L0°0 apeq
£G°¢ e 00:8 Gb°¢ 88" 0¢°0 ope(q
1€°¥ " 60°¢ ¥9°0 8S°1 ape(
GE"S JU6LUPLW o 86°1 20°0 opeq
Ge'E e 00-8 At 8L°1 01°0 oped
SL°Y UooN 02°1 01°¢ 10 apeq
8E°€ d 00:8 ve"0 ov°¢ ¥9°0 opeq
€Ly e 00:8 92°1 98°¢ 10°0 apeq
SE'Y Y6LUPLKW 17°0 ¥6°¢ 00°0 paemoag
€1°L d 00:§ 0L°1 €8°¢ 09°1 p4emoag
ANy " ov°0 86° vL°0 paemoag
L0°G " 2L 0 0¥ ST1°0 p4emoLg
v5°9 " sy 6v°1 16°0 paemo.g
0L°€ 3ubLupLiW €20 Ge°¢ vetr'l yoeog uwied
65°0 JY6LUPLN 00°0 G2°0 0€°0 yoeag wied
€e’ JY6LUpLI €0°1 60°¢ 11°0 yoeag ufed
0¢°0 e 00-8 0¢°0 00°0 00°0 yoeag uwjed
1v°¢ € 00:8 8670 80°1 8L°0 yseag ujed
18°L uoou °40j°9 26°9 08°0 60°1 yoeag wied
90°9 uoou 340339 ST°¥ €8°0 80°1 yoeag uwjed
90°S uoou 940399 6v°¢ 0€°0 L2°1 ysesag ujed
G9°0 e 00-8 1 00°0 §9°0 yseag ujed
G6°1 e 00:8 G6°1 00°0 00°0 yoeag ued
00° JY6LUpPLW 09°0 00°0 ov°0 yoeag uied
96°¢ J6LUpLW 0¢°0 S0°0 1472 yoeag wied
L6° 3Y6LUPLW ov°0 S0°0 ¢s°1 yoeag uled
¥8°¢ e 0g-L £0°2 €5°0 ¥2 0 yoeag uied
8v°0 ® 00:9 61°0 0¢°0 60°0 yoeag wled
20°1 d 00:§ 90°0 96°0 00°0 yoeag wied
96°¢ JUbLUpPLW L0°T L1°¢ ¢e’0 ydeag wied
Lejol ouL] ve/L g2/t 2e/L A3uno)

1€€-S 20¢
02-S €21

402-S 221

281-S 21

pusg S|LW OF @ Leue) Luetue]  $509
uoL3e3s plat4 pealsauwoy 121
uoLjels pLaL4 LueLpy L11

LWeLW “*M°S 621 6509

ModuLy Lweiwe] - 8606

j40duty gM Lwelp 690/

uoLiels _.mu:mE.F.»waxu peaj3Salloy 9219
ov1-S 1A

aepJapne] *14 6909

6-S GIT

LS 66

uoLjels pLatd ajepuapne 34 161
9-S G6

¥SS 9/

uoL3e3§ plaL4 yoeag wied 3IsaM 222
G 9309 BURILUUNY ¢ JULOd [RUR) 1+v0L
*e3§ juswiJaadx3 ape|y 3|39 6119
(aaM1) 6€ Leua3e g dul|abuey €12
(aaM1) 4L A4elL| LW B PY uojufog ¥8
(GamM1) 13 B PY YlJoM e 18
uoL3e3s adt4 ud3Ldnp 802
uotLjejue|d 9931euel 6/

A3ujLym 3 33e4d S

€-S 69

-5 €81

gdM ©-uqg eLonbas 61v GIE

yoeag wped LeAoy °-Ay eyduepe /€ £L€
99yd3eyexo 209

340duLy yoeag wied 3saM G/09

auweN uoLjeis R

panuLjuod - g XLpuaddy

60



ajed]

uoL3e [ NWNIJY
00°¥ " 00°0 00°0 00°¥ e 03350
00°0 " 00°0 00°0 00°0 e 09250
00°0 " 00°0 00°0 00°0 ALod
81°0 " 00°0 L0°0 -11°0 92q0Y29330
00°0 " 00°0 00°0 00°0 93q0Yd83%Q
02°0 " 20°0 €1°0 S0°0 99qoYyd93%0
€1°0 " 00°0 S0°0 80°0 32q0Y233%0
¢ 0 JBLUPLW L0°0 00°0 LT°0 99q0Y29230
GE'1 " 00°0 00°0 GE°'1 spuelybLy
2¢8°1 e 00:8 68°0 06°0 €0°0 90J4UORW
Lejol swL] ve/L €2/L 22/L A3uno)

1$970N

uoL3e3s plaLd SduwLSSL) 6
¥59-S 2€

G9-S L2

€€1-S oAl

as9-S £

359-S G

269-S 8¢

uoL3e3s platd 32qoydadxQ V4%
89-S 10

obutue| 4 G219

dweN uoL3elS W

panutijuod - g xiLpuaddy

61



