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PART I. OPERATIONAL PERFORMANCE EVALUATION 

INTRODUCTION

At the November 1981 South Florida Water Management District Governing 

Board Workshop, the City Engineer for West Miami made a presentation 

concerning the periodic flooding of that area during recent years (1979-81). 

The City Engineer felt that the recurring flooding problem in West Miami was 

due to the raising of the canal stages and, in turn, groundwater stages by the 

District. He requested that the District prepare a report evaluating the 

operation of the District's hydraulic structures (S-25B and 6-97) in relation 

to rainfall and groundwater stages in the area. As a result of follow-up 

discussions, staff initiated a study to analyze the operation of the control 

structures during critical storm events, and to evaluate alternatives (both 

regional and local in nature) to alleviate the recurring flooding problem in 

West Miami.

Typical features of the West Miami area which bear on the flood hazard 

are moderately high rainfall and low land surface altitude and relief. In 

this area, flooding results from short periods of heavy rainfall, but the 

flooding does not necessarily coincide with the years of greatest 

precipitation. A factor that leads up to flood conditions is a heavy buildup 

of rainfall over several days, during which the drainage system has 

insufficient time to normalize groundwater levels. In the past, the area west 

of West Miami was undeveloped land and storm runoff from the east was 

discharged before the storm runoff from the west reached the primary canals. 

However, since the western area has now been highly urbanized, there is no 

time-lag to allow runoff from the eastern portion to drain first. Runoff 

water from the western amd eastern basins reaches the canals to be discharged 

simultaneously.
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A related problem in this area is the need to maintain sufficiently high 

fresh water levels and canal flows to recharge wellfields which deliver more 

than 250 million gallons of water per day. These wellfields are susceptible to 

saltwater encroachment, especially during dry months.

It can be clearly seen, based on the above description, that the District 

must operate the control structures for both flood control and water supply 

purposes (multi-purpose uses). The objectives of the study will be to: (a)

evaluate the operational strategy which has been applied to District control 

structures in the vicinity of West Miami during past storm events, and (b) 

evaluate an array of alternatives (both regional and local in nature) to help 

alleviate recurring flooding problems in West Miami.

DESCRIPTION OF STUDY AREA 

The study area (West Miami) is located in east central Dade County. The 

project area, showing selected hydrologic features is presented in Figure 1. 

Figure 2 shows major drainage basins and topographic features of Dade County. 

CLIMATE

The climate in the study area is sub-tropical. Rainfall averages 

approximately 60 inches per year, about 45 inches of which falls during the

months of June through October. This five month period includes both the

rainy season and the hurricane season. It is during this five month period 

that the area has a higher probability of being flooded; however, the area has 

flooded during dry months also.

SOILS, TOPOGRAPHY, AND LAND USE

The study area is located on the western edge of Coral Gables. A soil 

map of the area, prepared by the U. S. Department of Agriculture (10) shows

the following soil groups in the area: (a) marl glades, (b) rocky pinelands,

and (c) sandy prairies.
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Figure 1 THE GREATER MIAMI AREA SHOWING SELECTED HYDROLOGIC
FEATURES, DRAINAGE AREA BOUNDARIES, AND THE AREA 
INVESTIGATED
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The surface mantle of marl glades soil consists of poorly drained marl 

that is 2-72 inches thick. This is underlain by oolitic limestone in the east 

and south,, and by either Miami oolite or the Tamiami formation in the west.

The rocky pineland forms a belt 4 to 10 miles wide that extends from Coconut 

Grove southwest to Florida City. Elevations average 9 feet above sea level, 

but range from 5 to 20 feet. The rocky pinelands are classified as being 

moderately drained.

Sandy prairies extend south and southwest from the Broward-Dade County 

line for a distance of about 20 miles. Originally, this land was poorly 

drained, but extensive drainage operations have lowered the water table of the 

area to some extent. The topographic elevation of the study area varies from a 

low of 5 feet NGVD along the western portion to a high of 10 feet NGVD (Figure 

2 ).

Land use changes in the study area started as far back as 1937 with most of 

the changes being completed before 1955. At the present time, most of the 

land in this area is in impervious cover. Due to urbanization west of the 

study area, a large portion of the land surface has been covered by impervious 

surfaces which inhibit percolation and therefore results in greater peak flows 

and total volume of storm water. The existing surface water management 

system now has to handle greater peak flows than in the past.

HYDROGEOLOGY

The study area is underlain by the Biscayne aquifer. This aquifer is 

composed of highly permeable limestones, sandstones, and sand. Within this 

area the aquifer thicknesss varies from 85 feet in the western portion to 

about 120 feet along the coast. The Biscayne aquifer is the source of water 

for the Hialeah/Preston, Miami Springs, and Alexander Orr wellfields for 

metropolitan Miami. These wellfields all receive recharge water from the

surface water canals in the area, especially during dry months when rainfall 

is low.



Water Supply Withdrawals

Presently, 272 million gallons of water is being withdrawn from this 

area. The District permits the Mi ami-Dade Water and Sewer Authority to 

withdraw up to 146 million gallons of water from the Hialeah/Preston and Miami 

Springs wellfields. Alexander Orr has a permitted withdrawal of 126 million 

gallons per day. It is estimated that as much as 378 million gallons of water 

will be needed by the year 2000, on a daily basis, to meet metropolitan Dade 

County's potable water requirements (9)). Sherwood and Leach (7) determined 

that as much as 50% of the water coming from the wellfields during dry months 

is canal water. In addition, approximately 53 cfs must be released to 

maintain a minimum canal stage of 2.8 ft. NGVD for saltwater intrusion. 

During the period of their study, the total withdrawal from the area's

wellfields was approximately 130 mgd. Assuming the above recharge percentage 

(50&) to be still holding, as much as 210 cfs of water must be released to the 

canal to replenish the 272 mgd withdrawn from the wellfields, especially 

during dry months.

The Biscayne aquifer is subject to saltwater intrusion during critical 

low rainfall periods. Figures 3, 4, and 5 depict the extent of the saltwater 

encroachment before and after the District structures were put into operation.

Due to a constant threat of saltwater intrusion in the present

wellfields, the Miami-Dade Water and Sewer Authority is developing two new 

wellfields; (1) the Northwest wellfield, and (2) the East Everglades

wellfield. The Northwest wellfield, which is also known as the Three Square 

Mile wellfield, is located west of the present wellfield and is currently

being tested. As much as 150 mgd may be withdrawn from this wellfield. The 

rest will be withdrawn from the East Everglades wellfield.
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PRIMARY DRAINAGE FACILITIES

Primary drainage through the study area is through the Tamiami and Coral 

Gables Canals. Flow in these canals is regulated by the operation of District 

control structures (sheet pile barrier dam (G-97) on the Coral Gables Canal 

and a reinforced concrete gated spillway (S-25B) on the Tamiami Canal). 

Structure Operations

District control structures are operated for multi-purpose uses. Kohout and 

Hartwell (4) have determined that a minimal canal stage of 2.7 ft. above msl 

is needed near the control structures to prevent saltwater encroachment in the 

Biscayne aquifer in Dade County.

District structure G-97 on Coral Gables Canal (C-3), together with S-25B 

on the Tamiami Canal (C-4), are operated to maintain a headwater elevation of

2.8 ft. above msl. G-97 is a sheet pile barrier and, during storm events, 

these sheet piles are difficult to operate (requires pulling sections out); 

therefore, required releases are normally made by S-25B. Presently, a 

dialogue has started between the Corps of Engineers and the District to 

replace G-97 with a more efficient control structure. The design discharge 

rate of G-97 is 640 cfs (40% SPF) and the design rate of S-25B is 2000 cfs 

(100% SPF). The design discharge rate of these two control structures should 

be able to maintain optimal groundwater stages in the West Miami area.

Operation of the gates at S-25B is automatically controlled. This 

structure is located in the City of Miami and is immediately downstream of the 

LeJuene Road crossing of the Tamiami Canal. The main gates at S-25B operate 

to maintain the upstream water surface elevation as follows:

1. When the headwater elevation rises to 3.0 ft., the gates will open at 

the rate of six inches per minute.
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2. When the headwater elevation rises or falls to 2.9 ft., the gates

will become stationary.

3. When the headwater elevation falls to 2.5 ft., the gates will close

at the rate of six inches per minute.

Kohout and Hartwell (4) have compared the groundwater levels of the study

area prior to inception of the Flood Control Project with those after the

structures were placed in operation. They state that groundwater levels over 

most of the area prior to the Project were 9 to 10 feet above msl, or about 3 

to 5 feet above land surface. After completion of the Project work, water

levels in the study area ranged 5 to 8 feet above msl, or 2 to 4 feet lower 

than those before the completion of the Project.

SECONDARY DRAINAGE FACILITIES

Presently, there is no positive outfall from the study area to the 

regional drainage system. The internal drainage system of the area consists 

of french drains. Installation of the french drain system of storm water

removal started some 30 years ago, but some improvements were made 4 or 5 

years ago. According to the Land Use Comprehensive Plan for the area, the 

french drain method has proven to be a very cost effective means of drainage.

French drains are supported by ballast rock and are used where the soils are

not capable of supporting an open trench structure. Most french drain systems 

use 15 inch pipe. Larger pipes are necessary only in areas where excessive

amounts of stormwater are expected.

Under present conditions, storm rainfall will first infiltrate vertically 

downward. Once it reaches the water table, it begins to move horizontally 

towards the primary drainage canals, depending on the hydraulic gradient 

(difference between the canal and groundwater stages). However, as 

groundwater flow is very slow, it takes several days for the groundwater flow

to reach the primary canals and then recede.

-11-



The Comprehensive Land Use Plan for the City of Coral Gables (1) points 

out, under the heading of "drainage elements", that the “present natural 

system of stormwater removal cannot adequately handle the large amounts of 

rainfall which this area receives. The Plan recommends that additions to the 

system (including structures) must accompany or take precedence over the 

infiltration techniques for effective drainage.11

Near the study area, the Florida Dept, of Transportation has a ditch

alongside of Coral Way that is known as the Coral Way ditch. During the past

storm event, the City of West Miami constructed a temporary connection between 

the ditch and one of the city's catch basins. Water was discharged to the

ditch via a 4 inch diameter pipe at a rate of 600 gpm. After 24 hours of

pumping, West Miami was able to lower the groundwater stage by as much as 2.0 

feet(11).

HYPROLOGIC DATA BASE

PERIODS OF ANALYSIS

Daily records of rainfall, canal stages, structure operation, and 

groundwater stages were obtained from Dade County, the U.S.G.S., NOAA, and/or 

SFWMD records for the years 1968, 1979, 1980, 1981, and 1982. These years 

included periods when major flooding occurred in the West Miami study area.

Rainfall data were analyzed by first determining the monthly distribution 

of total annual rainfall. Daily rainfall values were next tabulated for 

rainfall periods that exceeded that average rainfall for that month. The 

amount of rain that fell during each of these events was then compared with 

rainfall events of one-day and two-day duration within 25-50-and 100-year 

return frequencies.

Daily stage and operation records for the Coral Gables and Tamiami Canals 

were analyzed for those periods when flooding occurred in the study area. 

Finally, daily groundwater data records or estimated levels were analyzed for
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periods when groundwater levels exceeded the minimum land surface elevation 

of 5.0 ft msl.

RAINFALL

Monthly distributions of total yearly rainfall for the years 1968, 1979, 

1980, 1981, and 1982 from the Miami International Airport (MIA) and the 

District's Miami Field Station (MFS) are presented below in Table 1.

Table 1. Monthly Rainfall Values (Inches) - MIA and MFS

1968 1979 1980 1981 1982

MIA MFS MIA MFS MIA MFS MIA MFS MIA MFS

January 1.92 1.67 1.28 2.01 1.89 1.92 0.61 0.58 0.44 0.60

February 2.77 1.97 0.57 0.59 0.88 1.04 4.66 4.56 1.22 1.32

March 0.88 0.66 0.30 0.26 3.17 2.42 1.32 1.74 4.22 6.50

April 1.27 0.69 17.29 12.41 10.20 10.33 0.05 0.04 NA* 9.40

May 18.54 17.93 5.29 6.95 2.14 2.39 4.94 5.34 NA 6.70

June 22.36 15.93 4.06 3.48 3.02 4.28 5.49 6.09 NA NA

July 6.15 6.57 5.06 8.36 9.40 9.26 2.78 4.78

August 8.34 10.79 4.81 3.61 11.32 7.50 12.25 8.32

September 11.11 6.44 13.36 11.84 5.60 8.58 14.79 12.88

October 8.71 9.43 3.63 6.22 6.05 2.88 1.62 2.28

November 1.21 1.17 1.62 1.96 3.47 4.36 2.14 2.17

December 0.13 0.30 2.84 3.67 0.20 0.95 0.14 0.21

Total 83.39 73.55 60.11 61.36 57.34 55.91 50.79 58.99

*Not Available
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The foregoing table depicts the monthly and annual rainfall variations between the 

two stations, which are only a few miles apart. Additionally, as the intent of this 

report was to analyze the structure operations during critical storm periods, 

further breakdown of the monthly values to daily values was necessary. The daily 

values for each month of the year, whenever the monthly values exceeded the average 

monthly rainfall (Table 2), is presented in Table 3.

Table 2. Average Monthly Rainfall Values - Miami International Airport

Month Rainfall (Inches)
January 2.15
February 1.95
March 2.07
April 3.60
May 6.12
June 9.00
July 6.91
August 6.72
September 8.74
October 8.18
November 2.72
December 1.64

Total 59.80

Table 3. Daily Rainfall Values When the Monthly Total Exceeded the Average 
Year of 1968

Rainfall (Inches)
Date MIA MFS
May 19 0 2 XSTOO

20 1.03 1.94
21 0.12 0.38
22 0.21 0.19
23 0.25 1.81
24 0.46 0.26
25 0.30 0.00
26 2.22 0.00
27 0.03 3.29
28 0.20 0.00
29 1.20 0,32
30 0.21 0.00
31 0.20 1.72

10.85 9.91
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Table 3 (Continued)

Year of 1968

Year

Rainfal 1 (Inches)
Date MIA MFS
June 1 ■09 UTTJO

2 1.11 0.00
3 2.55 2.76
4 0.28 1.92
5 0.34 0.15
6 0.69 0.00
7 0.50 0.00
8 3.42 0.00
9 0.33 0.00
10 1.43 2.37
11 0.02 1.41
12 0.01 1.89
13 0.04 0.12
14 0.41 0.00
15 0.11 0.00
16 1.46 1.12
17 0.42 0.86
18 2.46 0.97
19 0.00 0.00

15.97 13.57

September 24 0.34 0.25
25 1.70 0.00
26 2.49 0.88
27 0.35 2.04
28 0.04 0.00
29 0.01 0.00
30 1.72 0.49

6.65 3.66

1979

April 24 1.39 0.00
25 14.85 11.64
26 0.00 0.73
27 0.00 0.00

16.24 12.37

September 24 0.34 0.25
25 1.70 0.00
26 2.49 0.88
27 0.35 2.04
28 0.04 0.00
29 0.01 0.00
30 1.72 0.49

6.65 3.66
-15-



Table 3 (Continued)

Year of 1980

Year

Rainfall (Inches)
Date MIA MFS
Apr i1 5 C T 5 "S7EJ0

6 0.16 0.00
7 4.02 1.53
8 0.01 3.16
9 0.78 0.00

10 0.09 2.28

5.51 6.97

July 13 0.15 0.00
14 0.98 0.34
15 1.02 0.98
16 0.83 0.31
17 1.44 1.31
18 0.25 1.09
19 1.45 0.00
20 0.30 0.00
21 0.11 2.11
22 0.27 0.48
23 0.32 0.22

7.12 6.84

1981

August 16 1.28 0.00
17 2.50 2.70
18 2.75 7.80
19 0.19 1.45
20 1.31 0.28
21 0.10 0.33

8.13 12.56

September 3 0.04 0.00
4 0.01 0.03
5 0.04 0.00
6 0.04 0.00
7 2.33 0.00
8 0.03 2.58
9 2.04 0.05

10 0.17 2.05
11 0.11 0.45
12 0.02 0.00
13 0.05 0.00
14 0.01 0.56
15 0.06 0.82
16 0.99 0.05
17 0.19

-16-

1.25



Table 3 (Continued)
Year of 1981 Rainfall (Inches)

September MIA MFS
18 0.01 0.32
19 0.00 0.00
20 1.01 0.00
21 0.01 0.32
22 1.20 0.07
23 0.01 0.00
24 0.00 0.00
25 4.36 0.00
26 0.79 0.00
27 2.65 0.00
28 0.00 4.05
29 0.00 0.08

16.17 12.68

Year of 1982

March 24 0.00 0.73
25 1.01 0.00
26 0.08 1.10

1.09 1.83

April 23 0.05 0.00
24 7.25 0.00
25 0.78 0.00
26 0.91 8.72 (Cumulative for 3 days)

9.19 8.72

The above table depicts that even the daily rainfall amounts measured at 

two nearby stations are different. Presently, West Miami does not have any 

raingage stations. The District has agreed to provide the city with a 

raingage station so that the exact quantity of rain that falls in the city can 

be measured in the future. However, rainfall amounts measured at these two 

stations were used in the analysis.

A report was recently prepared by the District which estimated the 

return frequencies for rainfall events of maximum 1 and 2 day durations (8). 

The Log-Pearson Type III Distribution was applied to estimate the rainfall and 

durations for rainfall events of 25, 50, and 100 year return frequencies. In 

Table 4, rainfall events having return frequencies of 25, 50, and 100 years

for 1 and 2 day durations are presented for the study area.
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Table 4. Rainfall (Inches) in Events of One and Two Day Duration that Occur 
With 25, 50, and 100 Year Return Frequencies

Duration (Days) Return Frequency Rainfall (Inches)
1 1 Year in 25 Years 10
1 1 Year in 50 Years 12
1 1 Year in 100 Years 14
2 1 Year in 25 Years 12
2 1 Year in 50 Years 14
2 1 Year in 100 Years 16

A comparison of Tables 3 and 4 shows the study area received in excess of 

10 inches of rainfall on only one particular day. This event occurred on

April 25, 1979, when the study area received 14.85 inches of rain (MIA) on a 

single day. The return frequency of this rainfall is greater than 1 in 100 

years. This event also exceeded the rainfall of a 2 day l-in-50 year event.

However, as reported by the city engineer, this area has experienced 

three major flooding events during the past years. Therefore, the above 

comparison simply shows that past flooding in the study area was not caused by 

isolated major events. Flooding was probably due to a combination of 

antecedent hydrologic conditions (rainfall, groundwater, and canal stage) in 

the area.

CANAL STAGES UPSTREAM OF STRUCTURES DURING PAST STORM EVENTS

It was stated earlier in the text that the primary canals in the study 

area are the Tamiami and Coral Gables Canals. Presently, the upstream stages 

of the Tamiami Canal are controlled by S-25B. This is a new structure which 

was made operational after the 1970's. Before this, during the storm event of 

1968, a structure existed on the Tamiami Canal near the FEC Railroad. 

Presented in Tables 5, 6, and 7, are the upstream stage records from the 

Tamiami Canal near the FEC RR, G-2 Coral Gables Canal, and S-25B.

A spot reading of the Coral Gables Canal during the April 1982 storm 

event was obtained from DERM. These readings are presented in Table 8.
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1 . 4 2

1 2 - 3 1 - 6 1 ....? 75 .

1 0 : 1 8 a m 0.76
»

all closed

1 - 1 1 - 6 9  

9:00pm
3 . 2 0  ' All cl D S e d -

0.90 6 half needles out

1-17-69 2 . 6 4 6 half needles 3 U t

2:30pm 1,26 All in

1-20-69 3 . 3 4 All in
10:12am 0.76 5 half needles D U t

1 - 3 0 - 6 9 2.52 5 half needles 3 U t

3:15pm 0.90 All in

2-14-69 2.86 All in - <:losed ful 1

9:15AM 1.30 2 ha: f needlei out

2 - 1 5 - 6 9 3 . 6 0 2 ha! f needle; out

6:00PM 0 . 9 6 5 ha: f - i fu: 1 out

2-24-69 2 . 8 0 5 ha] f - l fu: 1 out

11:00AM 1.06 all :n - clo: ed full

March
No change during month

April No change during month

5-5-69 __3. 32 a 1 i n

3 : 3 0 p m 1 . 4 2 3 ha I1res out

5-22-69 3.00 3 haT res out
4 : 0 0 p m 0.96 close 1

6 - 6 - 6 9 3.00 all c .osed

9 : 0 0 a m u . y o 6 half . fu11 ou :

6-6-69 4.16 6 half . full ou
4:00pm 2 . 0 4 a l l  n e e i lies out

6-26-69 2.68 a l l  nee< ;les out
9 : 0 0 a m 2.20 5 half < ut

(b) AFTER CHANGE TABLE 5 (Continued)
STAGE READINGS ARE BEFORE CHANGE

-20-
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1 9  6 8 G-2 COPAL GABLES CANAL 13-54-40

JAN

2 . 9 5

£T>
>
DO
l~m
co
o
>z
>

3. OS 
3 .04 
3.07 
3. 04 
3.CO

FEB

2.90 
2.89

MAR 

2 .92

APR

2.60
2.60

MAY

2.4-0

JUN JUL

2.35
2.37

AUG

2.10
2.40

SEP OCT

2.65

NOV

13 2.93 2.64 2.35 3.42 2.24 2.72 1.80 -[T -7 1 T  -

1 4 2.94 2.84 2.59 3.00 2.70 2.13 j 2.26
I 5 2.94 3.C4 2.b4 2.58 2.50 2.97 2.73 j : ' •

1 6 3.C5 2.50 | 2.75 2.89 2.73 : 2.30

P 7 3.06 2.88 2.64 j 2.74 2.84 1.56’f ■ 2.35
!■ 6 2.86 3.01 2. 86 2.50 3.00 2 * 2 C 2.85 2.37 : ;

| * 2.87 2.99 2.48 3,00 ! 2.50 2.82 2.58 2.24 2.22

P10 2.90 2.50 3.10 3.26 2.35 2. 76 2.20 1.94
fen 3.00 2.85 2.48 3.55 3.18 2.1C 2.65 2,33 :

12 2.99 2.95 2.80 2.48 3.48 2.60 3.35 2.66 2.69
13 2.96 2.90 3.50 2.50 2.92 3.20

2.84 2.40 2.30 2.74 2.53 2.79
"115 2.95 2.90 2.80 2.48 3.20 2.24 2.58 2.47

I 16 - 2.94 2.87 2.48 3.17 2.2? 2.45 2.70 2.58.
2.90 2.43 3.18 . 2.30 - 2.53 2.57 2.53

ia.. 2.93 2.86 2.42 J 2.50 2.68 2.55 2.85
■ ^ 3.08 2.95 2.82 2.47 3.77 2.50 ; 2.74 2.35 2.89
fi 20 2.95 2.82 2.22 2,67 2.60 2.88 2.15
1 2\ 2.92 2.77 3.05 2. 18 2.60 i .90 : 2.85

2.<32

3.C4

2.77

2.70
2.72

2*42
2.40 
2.37
2.40 
2.52

3.05
3.05 
2.9 5

3.2 7

1.75-'
2.32
2.25

2.40 
2.4C 
2.25 
2.4 C 
2.52

2.75
2.75

1.75

2.91
2.90
2.90

2.98
2.93
2.90

2.73 
2. 72 
2. 7C 2 .41 

2.39

3.10 
2.78 
2.7 3

2.80

2.78 
2. 50

2.82
2.2 1 

2.17

2.80 
2.75 
2,9 3 
2.95

2 .90 
2.95 
2.97 
2.35 
2.27

1.83

2.6<
,2,80

2.2<
2.2

2.2

2.96 2.95 2.60 2.48 2.94 2.65 2.38

HIGH

2.68 2.2* 2.50

r



r'lH.'i'rtUt'Uij IT AN DADE COUNT1’'
WATER CONTROL DIVISION

CORR. FACTORS

Hi. Low Date STAGE RECORD Q  Min-Max Gage
□ Min-Max MK II 
[□Continuous Recorder

Year f° j ' 1*5 Gage Designation ---< ^\ —  ̂

Ja n u a ry F eb ruary March A p r i l

H i Spo t Low H i S po t Low Hi Spo t Low H i Spo t Low

1 / ^1$ Til o I
2 / f 2-1 G 'ft- it ^ ■'j'
5 ?)O0 a t \ i1
4 'I ■its 1 7  ^ \ ! ^Ao
S 2  r  7- 2 4*7 "I 4 ̂ 7S)(s •7.^ i I

6 \ 'Zkdt 2 G  Z zn u V.**i 1  ( /V #r> j
: ;̂ ' V

7 \ r> i  ^ TlfcG "I t  ! njT\ o O -c- f
T
l

8 /->- i 7 7 1 z ib Z<*\ Z 7 ? rz-n^ “2. ^ '7 I
9 IP  H ? n <~tJf \ 'inb ^ ih o '2-6^* ' r

1° nJ%S -.y. \ 2 "7 “7 / l-fe3 ^ 5 - p

11
ifi /

<
(

12
n r Cv r*'L "1 M ^ 5 l | 14--7 ■

— ’ s j '-■ ;v ^r\) Z 'i.

S3
( j Z l’U 7.4, nrzfn '2-

14 t 2 7 7 u io 251 'LifO ^ 5 7
iii

15
V

"2-7 7 t  &’£ 2 'IA&1 U'Z
i
s

16 2 n " f 3 fk 7 7 ^ 'KoO "24)6 k(?o Is

17 'ZPiO T7<£> \ ) 'L t- IJ

18 fc! %10 V rS 1
fi

i t,3\ 'tfyX "L \ &
19 S *£ i 1 'Ur6? /SO e t l Z \!

20
\
\ 2 4 7 'ZS'L \

\ t K

21 1 2 1 3 • t (W i(fil Z<r$ t^A‘ "LA-"; I

22 V O Z 1 1 1-& f Z&D ■i\t$ i 'i'*cT \

23 * v n ' v T.U b Q> Q? i

24 i
\ .i 'I'U)

25 'u i f n v i Z,A& / I

26 > 7 5 i ri m  ■2 lk> \ rL (s>1 t,e^ 'iA'7*' q on t u

27 ‘I t  L. 7 1  y! ^■  ̂ 0 7.A\ fcio 7 -77 / /

29 2 * * 7.W  ; 1 ( r $i- ' t. ■ j 'L 0 t£'b
29

,y" ; t 3 a
JO ------- —.....— ---- i- - ?&/ ........—

1 31
------ ------

I J ^  TABLE 7. G-2S CORAL GABLES CANAL STAGF RFrnRn ________

Sea Level Datum of 1929, S.L.D.
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CORR. FACTORS

H i- Low D ate

'WATER CONTROL DIVISION 

STAGE RECORD □ Min-Max Gage-
□ Min-Max iMK II 
LJContinuous Recorder

Year Gage Designation

May June J u ly A ugu s t

S p o t 1 Low M i j S p o t |Low H i j S p b t ! Low K i j S po t t Low

1 ■ I ^ V < \ v * i  j i
2 3 k s  i > v « ( Z%*> •Z 2 3 3 i o z m ■ 2 1 4 -

3 ? I 73 r \ " 2 ^ 'z.nn 3 ^ ■zatf. | z  a  t  ■

4 3 ‘V> ~i -u*1 3  o f W i ^ '1  f ' z
i

\

5 % \X\ j 3? crvi j '3? CrO QsZ' - ' ̂ ^ 4 ^  i ' n n Z1U> 2 1  j \

6 o-Y\ \ t ^ 7 , ^ 1 1-77 __ ....I L i "
7 S o \ . 2 .^ |M ^ Y 1 \\ 3 / ^ l P ^ ‘7  |

8 1 2 P 3
tt i

9 \
t
i

ri5 !

10 1 ■
i

I I %is\
r

1:

11 M M  <7 i •V 5 I4 'V$?6s
12 ; ^  W ik " ^ a n " ^ > 0 ■ m ' v r v ' |

3 ■2 /6 1 , ' i n i I ^ i ' y ' l '
f1

.<1 \\ a o  i . i n / a n a t \ l  I Z > a 1*11 i
i

15 3 n  ! 3 ^ ci 1l ° l Z ( 7 ^ a o ° ?® Sr ! M ' t X<\^\ <31! Z ^ (Z v;.,- T'.‘>

16 ! 3 * V t o  V \
/j

17 ! ^ m / 3 * 1 \
\i ^  a Z-

IB 3 0 *1-1 *7 ?><?? i i ^ z ^ l Ki -.
19 /  1 3 1 £ !

f
._. L  ._

\i
20 ! 5 | l( | ^ V l \\ j !

21 VG'- I V " ! -  7 -- i  t) \
22 } n y t n t - 1 'i  1 a t - ? ;

!
r i 1

23 i*\% " J i? nJ]o / i-. .
24 7 7 £ 1 3? 4 V 3 H ? o y ? 4 ^ - Z f f
25 W h  i a H - - T ]

i
-.... 1 --  ■ .......! \  ■/ I '

ri1

26 I 1 1 ^ 'W '  I 3 ^  ^ i / \  !
27 ; i ? 1 2 ^  I z,V3> Z-oir' ■ \ \ i-
23 ? C" i 7 .7 7  H ? £ ' ■ I ; 1 * ■ t.<4 J - - U , 1 ^ --"T

-  f r  r t  i \.. . . _—  .
29 w n n t w 1 H ■ ■ ....” ± = .... r d

r£.3-Z.---

i V . |3  1 r j \ j

31 * n  V ^ j 1 ) vk  1 VY\
TABLE 7 fContinue in * * -......... i .......... i :....... ..1 ....... .......

Sea L e v e l  Dati^aj.Oi 31 9 2 9 , S.L.D.



METROPOLITAN DADE COUNTY
WATER CONTROL DIVISION

STAGE RECORD 0  Min-Max Gage
□ Min-Max MK II
□ Continuous Recorder

Year Gage Designation _ 2L_____

September October November December j

Hi Spot Low Hi Spot Low Hi Spot Low Hi Spot Low

1 %&>- Z-<\3 z H z.£>5 /

2 3 1 1 1351 'IS ^>
/
/

3 / 3<;4 £ 4 9 3 4 ^ \ 2 ^ 1 1 ^ : 4

A - M i ■ 1 ^ 6
v -

5 3-f it ; ’r / •Z ̂  ) z < £ ; ^

6
? » . 

V * ’Ti f t | / '< ^ { U

7 'L t jU ,
-2^4 'ZSt* ^ i 2 . 7 ^

8
\
\ i %0(r *z^4* ' Z p ' l

\
\

9 \ $ 7 0 z t e " 2 ^ 4 -Z&\
' \ i

10 - ? [ v
^ 1 211 I v / V  i H 4 \

11 7 “>/ # ? 2 m e>os f lz< ?4 V1$\
12 ^  i z<]i •^ 1 ee4- 3^>£) ?

i ? it n n 4
13 ' / ■ \ y / \ sy ; \ 'Z&Z 5f2* k g j Z. 9>s 1
14

1"
\ BZl %\4

jii 1
15 1 'ZJoAr i
16 ■ / 3<z>B> i

y
1

17 i \ sJ }ii 1
18 3 4 7 i 'l.ZA Z&f

r s~ 9
jL-j ^  j

19 m b 5̂ 1 <& 1 ■ ?_ .4 .•'.•L { V • z&=\
20 'hon V I ' ! i '2-&1 in 4

•ZT)
Z-.̂ I !

21
i? i ii j

22 j r / i 1 i i
23 ' \ ??& >

1 \ i
24

i
^ 4 - i \

iff
25 ’b H W | V < - 2 4 0 \ s j

26 ?'i'L I *  A
i

^ I 7L 6 & 1
in ..j 

i

71 f t  1 ' 2 * / /■• r-
/ t ' ^ 7 :;1 v F '1 _* |

28 'Afi! ■y /“ ;- / \s / ■z-G* "Z l'b
j

-29" --------- 1
I - e M - IS Qssjp -^ 4 -

|

30 V i- rf' 'J u t.5ry W b jz£3
■Z'M”

■ z ^ z . '2^3* ^ z r > A ii | ■■ „ iiiB „r *
~ j

31 i *' i ' i o f Z Z > q 1 W*' /  '

TABLE 7 (Continued)

—  -24-
Sea Level Datura of 1929, S.L.D.

CORR. FACTORS

Hi- Low Date



CORR FACTORS

■tSTKOruJL-ITAN DADE COUNTY
WATER CONTROL DIVISION

STAGE RECO R D  0  Min-Max Gage
0  Min-Max MK I I  
0  Continuous Recorder

Year Gage Designation ^  ~ "2-______

Ja n u a ry February March A p r i l

H i Spot Low H i Spo t Low H i Spot Low H i Spot Low

i I k ' 1 7 , 1 ^
l •/ i _ • . i

2 '2-5 '!
/ ^  xn^ 1 / H

3 'ire* '1&S / i 3̂ dd ^fTT-

A \ ' i f -1 '2 0 0 ' W 1

5
1
i ? 1 1 .y ■■ i ' '  H (\ ]

6
ii Z l ^ • z ^ :>n-- ^S/'i "* s

7 f I - ^ 7 m z 7 "2 / f  t 1

8 -Z'W ^*7 t m Z91 2'7-<^

9 vtr\ ^ 1 ‘\
ii i

? ^ " 7

10 -vi-v U b i-
i

' - i f f 'Qt y '
11

*r? & /? ' T ° a r i M ' f - 2 ^ 1 T.M ' l t c\ 3 oc-

12 M l 'iLr>\ W 1 ■zru1 '(r~\
13 f u t / - 'W>'5| Z ^ "

14 Xfc \ M l ! M  + - m t n i ^ J 'Ua'L
15

16

" ^ 1 t<51 / ^ 1 7 - t r j

i¥ > j ' 0̂5 > > ) 1 X .7 ^

17 O^JS '
L......... zn<fi j o n

18 T ^ O M 3
\ -t4*7 'ZA'L- 'L {' tr <? ^ ^  » 1 2 - 1 ^

19
T

- Z . ^ 'ICfy u i if

20 7.7  ? *Uq
21 <  n It -Z-] 1 ’ - t-^4- T .T 1

22 C fr L ' ■ ?
-z^fd> /

23 S\AA ^ v \
1

•'.m

24 -lO° 1 4 ^ v f t f / i X T l j

25 ?7£/ ZlD v f f V ) / • w i , ~X-̂ l 7. rr- ^ *  f'4J
26 i / W - i S f 1

27
■

-*7 ' "Z -7/
I

V  / " ' ' •7*-■ ; i
> v "7 s |

29 3f,< /X e n f
2 ^ 1 v ■ ■ i v*- t

r; f -tLT v"l<? V)H i
s

79 - r . ^ y

--  ._J.
--..t ... — f

... JO

31

"2. ^Tl 2 7 ^ ~ 7 l  f
1 m  i

. i
iabll / (Continued)

■ I

Sea Level Datum of 1929, S.L.D.
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-ixnuruj-.xx.ft/'j UAUE, UOUNTY
WATER CONTROL DIVISION

CORR FACTORS

HI- Low Date STAGE RECORD DMin-Max Gage
□ Min-Max MK II 
LJContinuous Recorder

C /i C S " ~ ?Year ^ Gage Designation ----- ------ c— '

May June July August

Hi Spot j Low Hi j Spot Low Hi §pot Low Hi Spot Low

1 -iJ\ | n n \
/
/ 1

2 -tfo v " N lA  v O ' S " M 5 - v S f
1 / ■ "
/

3
it ...Vi# 3/1 - i - n

/
f1

4
I

' IA S
V ?

z n v 1> I
i

5
/
j * t fn Z v  / \

I

6 M  0 v w o-^y- m ■zcte- VV \ ^ ? r

7 TiS^V j I ' M -2-Sf 3 0 ^ V h U

8 m i 1 3 1 <-/• 'LfoZj 'b P l ^
\ '

9 i f e v %n\ ■ v f 'f o-s^V ^  ! % l A  ^ - z^v V
10 1 n i k ' i •vr\ *5f.X r in .< it

11
I-s< ns\*\

1 - 1 Y
ii

12 V I  vl V I ) . 'ftsJO
✓ i

-1i ....
\

13
i i
f 'Z .% '1

1
. . . _  V t

14 1 I %VT> ( w n
'"' r

"! o  >t-' 1 l!

15 \4(\ w V 74 I ^  I'V- '•i ^ ;

16 v %
1' ’1 j 1

/-
■J I  ' 1

i
i

17 ! 'M l y i ■
1

18 /
/

^.•ZT | 1
19 SU\\ ysn V I 'S £ 4  ■ - ^ >C l

..1 j

20 •ul'S ?£ 7 1’i
21 t

-  /
s s a  1

22 V^u - k 4 \ "VZ/] ^ / f \
23 1 '9, Tj J i n Ot } O' it
24 \ M ? ? V -t t - f  Z| 'V'^; ! ' 1m ;;1 1

25
*t -^ h i . H ' *2 ^ <5 Z ^ % >f 5 / /

26 i
\ /■' w'' £■ \ ?. f  7

27 )
1 A ! • 'X ^/S7

28 /j & y  ̂ i L l i  1 7 -jT
O  j < a S '-/" / -  -  N

\  :  < ;A  }
’. ■'• I /

3 / ^ ~ î ^

 ̂ 29 -  ----------- '? 7t:A i V

30 v 4 £i 1 /  / H ' l ' ■ ' : - " i - -  j '  • . O . ,  _ \ . t •

’ V

1 31
* ^ ------- 3 0 4 - .................. ...............-

1
lABLt / (Continued) j

" —f
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Sea Level Datum of 1929, S.L.D.



'TK0 F0L 1T A N  DADE C O U N T Y
,ATER CONTROL DIVISION

CORR. FACTORS

( HI- Low Date

I
ir-

STAGE RECORD

Y e a r
s o

□ Min-Max Gage
□ Min-Max MK II
□ Continuous Recorder

Gage Designation

September O c t o b e r ovember December

Hi Spot L o w Hi Spot Low Hi Spot Low Hi Spot Low

1 i . / i M •- - 3-i'Z

2 \ / \ c.-e- -T ••'* ‘ : ' J. ' ;: --

?
/1 ■? / ̂ v V

' y -■} '?{ 4»»

4 I> - :■ ■■ i
"■ n

5 3 ^ ■*> 3J" t 3 D 1 3  <??> ' H I ^1-5

6 c/ u' : \ c 4 1 ~L5 1 •a, pv- '1>^ 5 \

7 9i\\ t <t i i 7><>l \
-

ft
t/S I J ?iUr **' \/ "■ 3 0 ) *2 ffl'

*r- ?\f* 
*? l'b

9 & C yr, j  Ls r?A  f - I i > b
| W ? i

10 At ? Z J ' # 3&~1 ? i i l A  Z ;

11 3  LV 1 1 - / ‘t o t f H 4 G 1 6j {

12 "~i 1 3 fO $ & & ' 3 o / T irft I f l1

i. , .. — /
j \I ?)£&

1
A

M / v ? s ' - /€> i * # A ? . 4 Y
>
\

. ■

15  ̂  ̂» \ > v i W " M l
/ i

~ 2 & %

16 'b s r o 3 h M  1 ■ Z ^ i h 'i k £

17 ■s^ ■>> (-U yL.'u
n s i i -z-ho

IS \ ' L ' f P z j  /

19 33*1 V \ > M 7

20
f

" h  VV- >0 v •^o jT
\

\.!

21 ! 7^?f) 7 ^ 1 T,<rb

22 ^  vAI
' b ' i A 3 1 1 ■?0O ^ £lfe 7 ^ 1 3 / 0 3 o 5 J" - i ^ n M v - 1 A £

23 !?♦' m W ^ 0 1 o * K
24 t v p > t > 7  / T 3 / p 1
25 vT

/ i .  It
f

- f V, t
\

26 i i t A 1 ! ‘ 1
27 I

79
r 1 f

-2*> 'L -fn I k  4 •i..£ :

1 - ^ r •2^1.
r

J ■ ?-^n ' 7jb-n
*•, <~ ■■ 

’-'V U-

n.<?r ' M A _ .- .... ----- -

TABLE 7 (Continued) -
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METROPOLITAN DADE COUNTY
WATER CONTROL DIVISION

CORR. FACTORS

Hi- Low Date STAGE RECORD OMin-Max Gage
□ Min-Max MK II
□ Continuous Recorder

Year Gage Designation

September October November December
Hi Spot Low Hi Spot Low Hi Spot Low Hi Spot Low

1
2
3
4
5 l-J't
6
7
S %%(s
9 3Xcf in V n
10 31? 3 / i 30^
11
12
13 /l$ *3/&

‘ / ! ■ 7 / c 3/0

M
15 1 V $ 3 / i
16
17 %\<r zo4- 2-s/ 305 2 o i
18
19
20
21 3/D
22 V 2' %/D
23 3/J 36 ? 303
24
25 /<?B .

26 W ri- ( cs ■ -//>
27
n 3// 3/5 $/£>
-29 3AS_3l3J-
30 3/2

....... -............

ialsle 7 (Continued)
............
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n E a r t u r u j j - L i r t N  u k u £ ,  u u u n t x  

W A T E R  C O N T R O L  D I V I S I O N

S T A G E  R E C O R D  Q M l n - M a x  G a g e

Q M i n - M a x  M K  I I  

f j C o n t i n u o u s  R e c o r d e r

Y e a r ______________ G a g e  D e s i g n a t i o n  — __________________________

M a y J u n e J u l y A u g u s t

H i S p o t L o w H i  | S p o t L o w H i S p o t L o w H i S p o t L o  w

1 W  V
V U

b o y 3  5 ”  A T J Z j s a f i - £ 7  5 " 2 7 5 "

J

3

> I  e
'

4 V ^ v £ .  0 4 B > 1 0  4 A ' C Z .

5 ■ V l ^ ' > 0 ^ 3 - o g 5 . 0 7 3 * 0 $

6
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7 .

S S 7 3 2 7 3

?

r

I P

7 7 2  7 7 .  c  £ -

'  1 1
3 ,  i  y 2 . 7 ?
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1 2 z c , < f £ 7 5 " ^ ? 5 " 4 J : >  . < ?  2 -

1 3 3 - 3 - ^ 2 - * - S > S

M ' i . i r b £ f .

I S

1 6
S i ? * 9

1 7
r r \ • Z 5 > Z . Z < , - v R S 6

1 f t f / r / . £ &

1 9 ^ 6 " S ,
z / . ? z y ? / -  * 9 /  *

7 0
^ 7 3 3 / 7 2 . 3 - 4 . 9 ? . * e *

2 1
? f r / v f £ > M >

2 2 ' M ? ' i  A )
3 r |

3  ? 5 ~

2 3

7 4
- i  2

u  - 5 - ? O .  / o

2 S 2 % /
Z H !

e- ‘ ‘ &  v £ .  ^  X a £ T

7 6
" /  /

K * y ' 7L . i l ^ 2 - T

7 7 ; r . “  .  ? /
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.- * P v O 5  ,

7 S X  7  /
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2 9
2  F 3 -

' A .  <~-  *>.
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1  1

m t s L t  / . ^ L o n t i n u e a ;
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CORR FACTORS

HI Low Date

----  - -— — -------

Sea Level Datum of 1Q?Q. ,s.T..n



Table 8. Coral Gables Canal Stages During the April 1982 Storm Event

Date Stages (Feet, MSL)
4/23
4/24
4/25
4/26 2.24 - 3.94
4/27
4/28 3.16 - 3.26
4/29
4/30

Tables 9 and 10 include the data for S-25B for the periods in April 1979, 

August 1980, August and September 1981, and April 1982 when major storm events

or flooding occurred in West 

Table 9. Maximum, Average,

; Miami, 

and Minimum Daily Stagesi, S-25B (Upstream)

1979 Stage (Ft, MSL) 1980 Stage , (Ft, MSL)
Apri 1 Minimum Average Maximum Auqust Minimum Averaqe Maximum

2(5" - 2.20 - 8 - 2.80 -

21 - 2.18 9 - 2.85 -

22 2.18 - 10 2.80 2.85 2.90
23 - 2.15 - 11 2.58 2.74 2.90
24 2.15 2.35 2.35 12 2.58 2.76 2.95
25 - 2.50 - 13 2.75 2.84 2.93
26 1.15 1.82 2.50 14 2.85 -

27 1.10 1.97 2.85 15 2.55 2.74 2.93
28 1.00 1.80 2.60 16 2.55 2.72 2.90
29 1.20 2.05 2.90 17 2.58 2.75 2.93
30 1.18 1.99 2.80 18 2.55 2.73 2.92

19 2.55 2.73 2.92
20 2.60 2.70 2.80
21 2.55 2.72 2.90
22 2.52 2.67 2.82
23 2.52 2.71 2.90
24 2.52 2.71 2.90
25 2.52 2.70 2.88

1981 1981
Auqust Minimum Average Maximum September Minimum Average Maximum

14 - 3.05 « 2 0.92 1.70 2.48
15 - 3.10 - 3 0.85 1.65 2.45
16 2.85 3.06 3.28 4 0.90 1.57 2.25
17 2.58 2.89 3.20 5 0.75 1.40 2.05
18 1.65 2.26 2.88 6 0.95 1.53 2.12
19 1.28 1.94 2.60 7 0.80 1.49 2.18
20 1.00 1.92 2.85 8 0.90 1.44 1.98
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Table 9 (Continued)
21 1.05 1.71 2.38 9 0.80 1.51 2.22
22 0.80 1.45 2.10 10 0.80 1.51 2.22
23 0.70 1.39 2.08 11 0.70 1.37 2.05

12 0.65 1.45 2.25
13 0.70 1.47 2.25
14 2.60 3.10 2.85
15 2.60 2.79 2.98

September Minimum Average Maximum
16 2.70 2.85 3.00
17 1.35 1.95 2.55
18 1.35 1.95 2.55
19 1.35 1.77 2.20
20 1.35 1.92 2.50
21 1.35 2.02 2.70
22 1.35 1.95 2.55
23 1.35 1.97 2.60
24 1.35 2.15 2.95
25 2.00 2.50 3.00
26 1.25 2.00 2.75
27 1.35 2.05 2.75
28 1.25 1.90 2.55
29 1.15 1.77 2.40
30 1.10 1.72 2.35

Table 10. S-25B Stages During Storm Event of April 1982

Date Stages (Ft, MSL)

4/23 4.35
4/24 4.15
4/25 2.15
4/26 1.95
4/27 1.95
4/28 1.55
4/29 0.88
4/30 0.98

GROUNDWATER STAGES

The U. S. Geological Survey has several groundwater monitoring wells

around the study area. The closest monitoring well with continuous

groundwater data (F-179) is located on S.W. 32nd Avenue and 24th Terrace.

This monitoring well is east of the project area. Another groundwater

monitoring well with continuous record, G-857, existed at S.W. 70th Avenue

and 12th Street until 1969. This is the closest monitoring well to the

study area. In order to utilize the data from this station to gain
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insight into the groundwater situation of the project area, a linear 

correlation model was run between the daily groundwater stages from these two 

stations. A linear relationship was established between the two stations as 

follows:

G-(857) = .943 + .8816 X F(179)

The correlation coefficient between the daily values from the two stations 

was determined to be .919.

Table 11 presents the actual groundwater stage from Well F-179 and the 

simulated groundwater stage for Well Q-857 for the years 1979, 1980, 1981, and 

1982.

Table 11. Monthly Groundwater Stages - Well F-179 (Ft, NGVD)_________________

Months 1979 1980 1981

January 2.11 2.20
February 1.78 2.24 -

March 1.77 2.18 2.02
Apri 1 1.89 2.79 1.97
May 2.75 2.28 1.65
June 2.58 2.56 2.19
July 2.28 2.37 -

August 2.19 2.47 -

September 2.78 2.67 3.67
October 3.23 2.81 -

November 2.60 2.78 -

December 2.41 - -

Groundwater Stages During Storm Events - Wells F-179 and G-857
YEAR-1968

Month--June Month--September

F-179 G-857 F-179 G-857
Dj£ Ft (NGVD) Ft (NGVD) 

4.65
Pay
24

Ft (NGVD) Ft(NGVD)

2 - 4.55 25 3.07 3.64
3 - 4.25 26 -

4 - 7.00 27 - _

5 4.45 5.56 28 - —

6 - 5.25 29 — _

7 - 4.90 30 3.65 4.16
8 - 5.50
9 - 5.70
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Table 11 (Continued)

10 3.91 6.00
11 - 6.50
12 - 6.05
13 - 6.00
14 - 5.10
15 4.34 4.75
16 - 4.60
17 - 4.20
18 - 4.15
19 3.23 3.79
20 - -

Groundwater Stages During Storm Events - Wells F-179 and G-857
YEAR- 1979

Month-■June Month- September
F-179 G-857 F-179 G-857

Pay Ft (NGVD) Ft (NGVD Day Ft (NGVD) (Ft INGVD
24 1.55 2.30 25 2.84 3.46
25 3.42 3.95 26 2.99 3.58
26 3.42 3.95 27 3.12 3.69
27 3.31 3.86 28 3.26 3.81
28 3.20 3.76 29 3.41 3.95
29 3.18 3.74 30 3.67 4.17

YEAR- 1980
Month-■Apri 1 Month-Auqust

F-179 G-857 F-179 G-857
Day
5

Ft (NGVD) 
2.52

Ft (NGVD) 
3.06

Pay Ft (NGVD) 
2:i9

Ft (NGVD) 
2.87

6 2.48 3.13 10 2.14 2.82
7 2.90 3.50 11 2.16 2.85
8 2.97 3.56 12 2.21 2.89
9 2.99 3.58 13 2.41 3.07

10 2.99 3.58 14 2.41 3.07
11 2.95 3.54 15 2.35 3.01

16 2.30 2.97
Month-■July 17 2.28 2.95
13 2.27 2.94 18 2.30 2.97
14 2.27 2.94 19 2.54 3.18
15 2.26 2.93 20 2.54 3.18
16 2.26 2.93 21 2.83 3.43
17 2.26 2.93 22 2.84 3.45
18 2.26 2.93 23 2.81 3.42
19 2.27 2.94 24 2.77 3.38
20 2.28 2.95 25 2.72 3.34
21 2.38 3.04
22 2.65 3.28
23 2.66 3.29
24 2.61 3.24
25 2.53 3.17

-33-



Table 11 (Continued)

Year 1981

YEAR-•1981
Month-August Month-September

F-179 G-857 F-179 G 857
Day
15

ft (NGVD) 
O B

Ft (NGVD) n  (NGVD)
o r

Ft (NGVD) 
3.62

16 2.89 3.49 4 2.99 3.58
17 3.56 4.08 5 2.95 3.54
18 5.18 5.51 6 2.88 3.48
19 4.97 5.32 7 2.86 3.46
20 4.70 5.08 8 2.86 3.46
21 4.50 4.91 9 2.92 3.51
22 4.22 4.66 10 2.93 3.52

11 2.90 3.50
12 2.85 3.45
13 2.81 3.42

Month-September
F-179 G-857

K M Ft (NGVD) Ft (NGVD)
14 2.77 3.38
15 2.90 3.50
16 2.90 3.50
17 2.84 3.45
18 2.84 3.45
19 2.78 3.39
20 3.71 4.21
21 3.71 4.21
22 3.55 4.07
23 3.50 4.02
24 3.38 3.92
25 6.01 6.24
26 6.68 6.83
27 6.79 6.92
28 6.38 6.65
29 5.76 6.02
30 5.25 5.57

Table 12. Groundwater Stages During April 1982 Storm Events - Well F-179, and 
the Simulated Stages for Well G-857

F-179 G-857
Date (Feet) (Feet)
4/23/82 2.02 2.72
4/24/82 3.95 4.42
4/25/82 4.07 4.53
4/26/82 4.63 5.02
4/27/82 4.65 5.01
4/28/82 4.22 4.66
4/29/82 4.16 4.60
4/30/82 3.94 4.41
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The groundwater stages show that the water level was above the land 

surface during several past storm events. As there is no monitoring well in 

the project area, the District has provided the City of West Miami with 

groundwater measuring equipment which is to be installed in a well located on 

a school property.

ANALYSIS OF CRITICAL FLOODING EVENTS

Critical flooding events were defined by superimposing the groundwater 

and canal stages on the minimum ground elevation of the area for given storm 

events. As this analysis was based on the daily records, groundwater stages 

greater than those that were plotted may have occurred for a few hours during

a particular day. The stages should be exact, however, from one day to the

next. Performance analysis was then made for several past hydrologic events

to derive conclusions regarding the operation of District control structures. 

Storm Event of April 1982

The District prepared a preliminary report of the rainstorm of April 23-

26, 1982^^. As the report is regional in nature, however, it could not be

used for this site specific analysis of West Miami. Rainfall distributions

from the two stations in the West Miami area are presented in Table 3. Stages 

from the Coral Gables Canal are presented in Table 8, the upstream stage of 

S-25B in Table 10, and the actual groundwater stage and the simulated stage in 

Table 12. The minimum ground elevation of the area, along the western 

portion, is 5.0 ft. MSL. Figure 6 presents the superimposition of the 

groundwater and canal stages for this storm event.

The plot depicts that the lowest elevation area of West Miami had

standing water for at least two days. The data plotted are end-of-the-day

data. Groundwater stages may have been higher during certain hours of the day.

Canal levels were significantly lower than groundwater stages. The average

canal stage in the Coral Gables Canal was at 3.0 ft MSL; however, S-25B was
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fully open and the upstream stage was below 2.0 ft. MSL. Therefore, there 

was a significant hydraulic head between the groundwater elevation and the 

canal stages. This did not help the City of West Miami's flooding problem. 

In order to reduce the flooding, the city constructed a temporary outfall 

structure at the Coral Way ditch and pumped water from one of the catch basins 

to the ditch. Within 48 hours they were able to reduce the groundwater stages 

by as much as 2.0 feet. This last flooding episode clearly shows that 

lowering of the canal stages alone does not solve the West Miami flooding 

problem.

Storm Event of September 1981

Groundwater stages and the canal levels for the rainfall event of 

September 3-29 are presented in Figure 7. Up to the 23rd of the month, the 

study area already had received more than 8.37 inches of rainfall. S-25B 

stages were fluctuating between 2.0 and 2.5 ft. MSL. Groundwater stages were 

already higher than 3.0 ft. MSL. On the 25th of the month the study area 

received another 4.36 inches of rainfall. Even though the canal stages were 

lowered to 2.2 ft. MSL (19th of the month) before the rainfall of the 25th, 

groundwater stages jumped to almost 7.0 ft. MSL. The low-lying area was under 

water for more than 10 days. On the 29th of the month, the area was still 

under water. On that particular day, S-25B stage was at 2.38 ft. MSL. There 

was a hydraulic head of 2.4 ft. MSL from the groundwater to the canal. In 

other words, the storm water could not be removed from the basin quickly, and 

it took more than 10 days for the groundwater stages to recede.

Rainstorm of August 16-21, 1981

During a 5-day period in August (16-21) the study area received anywhere 

from 8.13 to 12.56 inches of rainfall. Even though the canal stages were 

lowered, the low-lying area of the City of West Miami was under water for more
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than 4 days. Figure 8 shows that during a 2-day period (20-21 August) S-25B 

stage dropped by 0.77 ft., whereas the groundwater stage dropped by only 0.42 

ft. This was during the period when canal stage was at almost optimal level

and then was dropped to 2.0 ft. MSL. This confirms the fact that there is a

slight (but ineffective in terms of alleviating flooding in West Miami) drop

in the groundwater stage when canal levels are dropped below optimal levels.

Rainstorm of April 24-27, 1979 (Figure 9)

During the four day period, the study area received between 12.37 to 

16.24 inches of rain (Figure 9). On the 25th of the month, Miami

International Airport received 14.85 inches and the Miami Field Station

received 11.64 inches. This one day storm event exceeded the return frequency

of l-in-100 years, and occurred during the dry season when the groundwater

elevation (at F-179) was lower than the Coral Gables Canal stages. No

flooding occurred in the basin from this single, isolated dry month storm

event.

Hydro logic Events of June 1 - 19, 1968

In the past, this event received considerable attention. The former

Mayor of the City of West Miami (Edmund P. Cooper) wrote a letter to the 

District charging that the water conservation areas were the major cause of 

this 1968 flooding event. Additionally, a letter was also sent to the Hon. 

Dante B. Fascell, Congressman from Miami. The District's field investigation

(Figure 10) concluded as follows:

1. There was no positive storm drainage to primary canals.

2. The seepage drains which had been provided were not adequate to carry 

off the storm water.

In this current report, the analysis of this particular event has been 

re-examined. Presented in Figure 10 is the rainfall that fell on the area, as
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well as groundwater stages and Coral Gables Canal stages. Tamiami Canal, near 

the FEC RR, was fully open.

The total rain that fell in the study area during the 20-day period 

varied from 15.97 inches at Miami International Airport to 13.57 inches at the 

Miami Field Station. This rain fell during the period when the basin had

already received typical south Florida rain. On the 2nd and 3rd of the month, 

the study area received another 3.75 inches of rain. On the 3rd of the month, 

Coral Gables Canal had a stage elevation of 3.42 ft. MSL. The groundwater

stage in the basin started to rise from the 3rd of the month. The study area

was under water for 14 days. The canal was maintained at the lowest stage 

(fully open - all needles were out), groundwater stages did not drop rapidly, 

even though there was enough hydraulic head between the groundwater and the 

canal stage. Due to lack of positive outfall, it took 14 days for the

groundwater to recede.

OBSERVATIONS

Analysis of several rainstorm events in the West Miami area reveals that 

flooding occurs more often from long durations of rainfall. Even though the 

structures are fully open, it takes many days for the groundwater to reach the 

canal and recede. As stated earlier, when the headwater elevation rises to 

3.0 ft MSL, the gates open automatically at the rate of six inches per hour. 

In past years, however, on many occasions gates were opened manually before 

they reached the headwater elevation of 3.0 ft. MSL.

Analysis also shows that lowering of the canal stages will help West 

Miami to some extent. This is due to two factors: 1) If the canal stages

are lowered, than there is more storage in the system, and 2) A higher 

hydraulic head difference between the groundwater and the canal is created. 

Lowering of the canal stages alone, however, is not sufficient to alleviate
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West Miami's reoccurring flooding problems as evidenced during the April 1982 

event.

Several alternatives (both regional and local in nature) were evaluated

to help West Miami solve its flooding problems.

PART 2. SURFACE WATER MANAGEMENT ALTERNATIVES

There are several alternatives (both regional and local in nature) which

can be utilized to solve West Miami's flooding problems. They are as follows:

1. Placement of secondary control structures upstream of the present 

structures and lowering the stages downstream to 1.8 ft. MSL.

2. Lowering of the stages at the existing structures.

3. Removal of sheet pile structures and replacing them with more efficient 

structures.

4. Injection of stormwater into sub-surface reservoirs.

5. Inter-connection of the existing catch basins and placement of an outfall

structure in the Coral Way ditch (DOT's canal).

Alternatives 1, 2, and 3 are regional in nature. The function of these

alternatives is to create additional storage space for runoff generated during 

storm events. However, analysis of the past storm events indicates that 

reduction in canal stages alone (Alternative 2) would not significantly reduce 

the amount or the duration of flooding in West Miami. Therefore, emphasis 

will now be placed on evaluating the alternative of placing secondary control 

structures, maintaining higher heads behind these structures, and lowering the 

stages at the present structures.

Alternatives 4 and 5 are local in nature. These alternatives rely primarily 

on local solutions to alleviate local flooding problems. Alternative 4

examines the idea that runoff generated in a basin can be injected and stored

in the subsurface formation of the basin itself, which is regarded as a vast
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storage reservoir. Alternative 5 is the method of disposing of runoff water 

from the basin in the safest and quickest possible way.

Alternative 1. Lower Canal Stages/Add New Secondary Structures

Alternative 1 serves the same purpose as Alternative 2 except that it 

allows for maintaining higher heads above the secondary control 

structures. Presently, this alternative is preferable to alternative 2, 

as optimal water levels must be maintained to protect the Metro-Dade 

Water & Sewer Authority wellfields from saltwater intrusion.

A surface water-groundwater interface model was calibrated to evaluate 

the effect that placement of secondary control structures would have on 

the groundwater elevation of the area. Results derived from the model 

show that due to a lower groundwater elevation in the area (1.8 ft. as 

compared to 2.8 ft.), less of the area ponds. Additionally, as the canal 

stage is lowered by 1.0 ft. downstream, the groundwater stage reduces by

0.2 ft. (see Appendix for the computer study).

It can be stated, based on the model results, that Alternative 1 will 

somewhat lessen the areal extent of flooding and also maintain lower

groundwater stages in the area. However, this solution alone is

expensive and, by itself, will not be enough to solve the City of West 

Miami's flooding problems. Additionally, due to high groundwater stages 

behind the secondary control structures, the area west of West Miami will 

experience more severe flooding problems than encountered in the past. 

Alternative 2. Lower Control Stages

This alternative has been practiced by the District during periods when 

the area receives high amounts of rainfall. At present, due to the 

stratigraphic location of the Miami-Dade S&WA wellfields, canal stages 

and, in turn, groundwater stages, cannot be lowered on a permanent basis 

especially during the dry months. As with Alternative 1, this

alternative by itself will not solve West Miami's flooding problem.
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During the April 1982 storm event, S-25B gates were open full; however, 

as lowering of the canal stages was not enough, the city had to pump 

water from one of the catch basins and discharge it to the Coral Way 

ditch. With this combination, they were able to lower the groundwater 

stages in 48 hours to a safe stage.

Alternative 3. Replace Existing Structures

It was stated earlier in the text that a sheet pile structure is located 

on the Coral Gables Canal. During storm events, these sheet piles are 

difficult to operate. The designed discharge rate of G-97 is only 640

cfs, which is 40& of the standard project flood. Dialogue has already 

started with the Corps of Engineers (Interagency Meeting of January 27, 

1982) to replace this structure with a larger and more efficient 

automatic structure. The Corps of Engineers stated they will verify

project authorization and explore available options. With the new, 

larger structure in place, the District will be able to discharge more

water to the ocean than it presently can. This will enable the

groundwater stage to recede faster than it does now. However, as in 

Alternatives 1 and 2, this enlargement of discharge facility will not 

solve West Miami'a flooding problem by itself.

Alternative 4. Inject Storm Water Into Subsurface Reservoirs

Storm water can be injected into the underground formation via deep 

wells. According to Department of Environmental Regulation Chapter 17-28 

rules for underground injection control, storm water injection wells are 

classified as Class V wells. Criteria and standards, as they apply to

Class V wells, are presented in the following pages.

This alternative is a viable solution to West Miami's recurring flooding 

problem. It is, however, in the first place a very costly solution, and 

secondly, with EPA's designation of the Biscayne aquifer as the sole

source, it might be difficult to get an operating permit from the DER.
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CODING: Words un d e r l i n e d  are additions; w o r d s
in stesaeJt throogh type are d e l e t i o n s  from 

e x i s t i n g  law.

PART V - CR ITERIA  AND STANDARDS FOR CLASS V WELLS 

17-28.51 General

(1) Part V  sets forth crit e r i a  and sta n d a r d s  to regulate all 

injection wells not r e gulated in Parts I-IV.

(a) Generally, wells covered by this Part inject 

n o n - h a z a r d o u s  fluids into or above for m a t i o n s  that c o n t a i n  

u n d e r g r o u n d  sources of d r i n k i n g  water. It includes all wells 

listed in S e c t i o n  1 7 - 2 8 . 0 3 { 1 ) { e ) but is not limited to those types 

of i njection wells.

(b) It also includes wells not c o v ered in Class IV that 

inject natural and m a n made r a d i o active m a t e r i a l s  in c o n c e n t r a t i o n s  

in water above natural background, p r o v i d e d  these c o n c e n t r a t i o n s  

do not exceed c u r r e n t  d r i n k i n g  water standards in C h a p t e r  17-22, 

F . A . C .

(2) C l a s s i f i c a t i o n  of Class V Wells

Various types of C l a s s  V wells that exist or may ex i s t  in 

Florida are g r o u p e d  toge t h e r  by expected water q u a l i t y  of the 

injected fluid, to f a c i litate d e t e r m i n a t i o n  of p e r m i tting, 

operating, and m o n i t o r i n g  r e q u i r e m e n t s  for these wells. The 

g roups are:

(a) Group 1 - Th o s e  wells a s s o ciated with thermal 

e nergy e x c h a n g e  p r o c esses, which include air c o n d i t i o n i n g  return 

flow wells and cooling w a t e r  return flow wells. C o o l i n g  water 

return flow we l l s  may be p a r t  of a c l o s e d - l o o p  system, with no 

h a z a r d o u s  additives, or part of an o p e n - l o o p  s y s t e m  that may use 

a d d i t i v e s .

(b) Gr o u p  2 - Class V  wells in G r o u p  2 include recharge 

wells, s a l t w a t e r  intrusion barrier wells, c o n n e c t o r  wells, and 

s u b s i d e n c e  control wells.
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(c) G r o u p  3 - W e l l s  in this g r o u p  are p a r t  of 

o m e s t i c  w a s t e  t r e a t m e n t  s y s t e m s ,  and i n c l u d e  s w i m m i n g  p o o l  

d r a i n a g e  w e l l s .

(d) G r o u p  4 - G r o u p  4 w e l l s  are n o n - h a 2a r d o u s  

i n d u s t r i a l  a n d  c o m m e r c i a l  d i s p o s a l  w e l l s ,  a n d  i n c l u d e  s e p t i c  

s y s t e m  w e l l s ,  l a u n d r y  w a s t e ,  d r y  w e l l s ,  sa n d  b a c k f i l l  

w e l l s ,  and n u c l e a r  d i s p o s a l  w e l l s  i n j e c t i n g  o n l y  l ow l e v e l  

r a d i o a c t i v e  w a s t e s .

(e) G r o u p  5 - G r o u p  5 w e l l s  i n c l u d e  la k e  level d r a i n a g e  

a n d  s t o r m w a t e r  d r a i n a g e  w e l l s .

(f) G r o u p  6 - G e o t h e r m a l  w e l l s  a nd 'other' w e l l s  are 

i n c l u d e d  in this g r o u p .

(3) T h e  use of a n y  C l a s s  V  w e l l  for i n j e c t i o n  s h a l l  not 

p r e s e n t  a h a z a r d  to a n y  e x i s t i n g  o r  f u t u r e  use of an u n d e r g r o u n d  

s o u r c e  of d r i n k i n g  w a t e r .

1 7 - 2 8 . 5 2  W e l l  C o n s t r u c t i o n  S t a n d a r d s  for C l a s s  V  W e l l s

(1) The v a r i e t y  of C l a s s  V  w e l l s  and th e i r  use s  d i c t a t e  a 

v a r i e t y  of c o n s t r u c t i o n  d e s i g n s  c o n s i s t e n t  w i t h  those uses, and 

p r e c l u d e s  s p e c i f i c  c o n s t r u c t i o n  s t a n d a r d s  for e a c h  type of C l a s s  v 

w e l l  o u t l i n e d  in this rule. H o w e v e r ,  a wel l  m u s t  be d e s i g n e d  and 

c o n s t r u c t e d  - f o r  its i n t e n d e d  use, in a c c o r d a n c e  w i t h  g o o d  

e n g i n e e r i n g  p r a c t i c e s ,  and the d e s i g n  and c o n s t r u c t i o n  m u s t  be 

a p p r o v e d  by the D e p a r t m e n t .

(2) The D e p a r t m e n t  m a y  a p p l y  the d e s i g n  c r i t e r i a  f o r  C l a s s  I 

w e l l s  (P a r t  II of this rule) and o t h e r  f a c t o r s  to the c o n s t r u c t i o n  

of C l a s s  V w e l l s .

(3) C l a s s  V  w e l l s  s h a l l  be c o n s t r u c t e d  so that their 

i n t e n d e d  use d o e s  not v i o l a t e  the w a t e r  q u a l i t y  s t a n d a r d s  of 

C h a p t e r  17-3, F . A . C .  M i g r a t i o n  or m i x i n g  of a q u i f e r s  of 

s u b s t a n t i v e l y  d i f f e r e n t  w a t e r  q u a l i t y  ( t h r o u g h  the c o n s t r u c t i o n  or 

use of a C l a s s  V  we l l )  s h a l l  be p r e v e n t e d  b y  p r e s e r v i n g  the 

i n t e g r i t y  of c o n f i n i n g  b e d s  b e t w e e n  t h e s e  a q u i f e r s  t h r o u g h  

c e m e n t i n g  or s o m e  o t h e r  m e t h o d  a c c e p t a b l e  to the D e p a r t m e n t .
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(4) All C l a s s  V  wells shall be constr u c t e d  by a licensed 

w a t e r  well contractor.

17-28 . 5 3  O p e r a t i n g  R e q u i r e m e n t s  for Class V  Wells

(1) All Class V  w e l l s  shall be opera t e d  in such a m anner 

that they do not p r e s e n t  a hazard to an u n d e r g r o u n d  source of 

drin k i n g  water.

(2) P r e t r e a t m e n t  may be required for existing wells to 

insure that the injected fluid does not v i o late w a t e r  q u a l i t y  

s t a n d a r d s .

(3) The D e p a r t m e n t  shall impose o p e r a t i n g  r e q u i r e m e n t s  on

G r o u p  1 - c o o ling water return flow wells on an o p e n - l o o p  system,

with additives; Group 3, e x c e p t  for swimming pool drain a g e  wells; 

G r o u p  4; and G r o u p  6.

(4) The D e p a r t m e n t  may impose o p erating r e q u i r e m e n t s  on 

G r o u p  2 and 5.

1 7-28.54 M o n i t o r i n g  R e q u i r e m e n t s  for Class V  Wells

(1) The need for m o n i t o r i n g  .is d e t e r m i n e d  by the type of

well, nature of the injected fluid, and wa t e r  q u a l i t y  of the

rece i v i n g  aquifer. The Dep a r t m e n t  m a y  impose m o n i t o r i n g

requi r e m e n t s  for G roups 1, 2, 3, 5 and 6.

(2) The n ature of the fluid being injected into or above an

u n d e r g r o u n d  source of drin k i n g  wa t e r  from G r o u p  4 wells is such 

that the D e p a r t m e n t  shall require m o n i t o r i n g  for wells in this 

g r o u p .

(3) The D e p a r t m e n t  shall d e t e r m i n e  the f r e q u e n c y  of

m o n i t o r i n g  based on the location of the well, the nature of the 

injected fluid and, where applicable, the r e q u i r e m e n t s  of Chapters 

17-6 and 17-19, F.A.C. ‘

17-28.55 R e porting R e q u i r e m e n t s  for Class V  Wells

(1) Rep o r t i n g  r e q u i r e m e n t s  are d e t e r m i n e d  by the type of 

veil and nature of injected fluid. When nec e s s a r y  and where
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applicable, reporting shall be in accord with Chap t e r s  17-6 arid 

17-19, F.A.C.

(2) Reporting for G r o u p  1 - cooling water return flow wells 

on an o p e n - l o o p  system, with additives; G r o u p  3, except for 

s wimming pool drainage wells; reporting for Gr o u p  4 and G r o u p  6 

will be required.

(3) The D e p a r t m e n t  may require reporting for G r oups 2 

and 5.

17-28.56 Plugging and A b a n d o n m e n t

(1) The D e p a r t m e n t  may order a Class V well p l u gged and 

a b a n d o n e d  when it no longer perf o r m s  its intended purpose, or when 

it is d e t e r m i n e d  to be a hazard to the ground water resource.

(2) Prior to a b a n doning Class V wells the well shall be 

p l u g g e d  with c ement in a m a n n e r  which will not allow m o v e m e n t  of 

fluids between un d e r g r o u n d  sources of drinking water. The 

p rop o s e d  p l u g g i n g  m ethod and type of cement shall be approved by 

the D epartment. Pla c e m e n t  of the cement shall be a c c o m p l i s h e d  by 

any recognized m e thod w h i c h  is acceptable to the Department.
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PART VI - CLASS V WELL PERMITTING 

17-28.61 General

(1) Underground injection through a Class V well which began 

operation after the effective date of this rule is prohibited 

except as authorized by permit issued under this Part. The 

construction or modification of any well required to have a permit 

under this Part is prohibited until the permit has been issued.

In addition to the specific provisions of this Part, the general 

permitting provisions of Chapter 17-4, Part I, P.A.C., shall 

apply.

(2) No QIC authorization by permit or rule shall, be allowed 

where a Class V well causes or allows movement of fluid containing 

any contaminant into underground sources of drinking water, and 

the presence of that contaminant may cause a violation of any 

primary drinking water regulation under Chapter 403, F.S. and 

Chapter 17-22, F.A.C. or which may adversely affect the health of 

persons.

(3J If at any time the Department learns that an existing

Class V well may cause a violation of primary drinking water

regulations under Chapter 403, F.S. or Chapter 17-22, F.A.C., the 

Department sHall:

{a) Require a permit for such Class V well;

(b) Order the injector to take such actions including

where required, closure of the injection well as may be necessary 

to prevent the violation; or

(c) Take enforcement action.

(4) Whenever the Department learns that a Class V well may 

Se otherwise adversely affecting the health of persons,- the 

Department may prescribe such actions as may be necessary to 

prevent the adverse affect, including any action authorized under 

paragraph (2) of this Section.
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(5) N o t w i t h s t a n d i n g  any other prov i s i o n  of this Section, the 

Dep a r t m e n t  may take e m e r g e n c y  a c t i o n  upon receipt of i n f o r mation 

that a c o n t a m i n a n t  which is p r e s e n t  or is likely to enter a public 

water system may p r e s e n t  an immi n e n t  and substa n t i a l  e n d a n g e r m e n t  

to the health of persons.

(6) The o w n e r  or o p e r a t o r  of any new or e x i s t i n g  Class V 

well shall, w i t h i n  one year of the e f fective date of an 

un d e r g r o u n d  injection control program, notify the D e p a r t m e n t  of 

the exi s t e n c e  of any well meeting the d e f i n i t i o n s  of C l a s s  V  under 

his control, and submit the i n ventory information required, in 

p a r a g r a p h  (7) below.

(7) As part of the inventory, the D e p a r t m e n t  shall require 

at least the fol l o w i n g  information:

(a) Facil i t y  name and location, including a plot plan 

showing loca t i o n  of well(s);

(b) Name and address of legal contact;

(c) O w n e r s h i p  of facility?

(d) Nature and type of injection wells, including 

installed d i m e n s i o n s  of we l l s  and c o n s t r u c t i o n  materials;

(e) O p e r a t i n g  status of injection wells, including 

h i s t o r y  of injection;

(f) V olume of injected fluid;

(g) Nature of injected fluid;

(h) D e s c r i p t i o n  of i n jection system, including 

m o n i t o r i n g  well(s), if any.

{8) A  g r o u p  of sim i l a r l y  designed injection wells owned and 

o p e r a t e d  by the same a p p l i c a n t  s e r ving the same p u r p o s e  may be 

pe r m i t t e d  as a s y s t e m  rather than as individual wells.

(9) The o w n e r  of a Class V well shall be r e s p o n s i b l e  for

notifying the D e p a r t m e n t  of a change in ownership. Until such

time as notice of change in o w n e r s h i p  is submitted, the o w n e r
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reflected on the p e r m i t / c l e a r a n c e  shall be r e s p o n s i b l e  for the

operation of the well and ior damages resulting from improper

'peratioo of the wells.

.7-28.62 C o n s t r u c t i o n / C l e a r a n c e  Permit

(1) All Class V  wells must obtain a two-part C o n s t r u c t i o n /  

llearance Permit. The a p p l i c a n t  must submit to the D e p a r t m e n t  at 

east the fol l o w i n g  i n f o r mation before receiving p e r m i s s i o n

o construct:

(a) F a c i l i t y  name and location;

{b ) Name and address of legal contract;

( c ) .  O w n e r s h i p  of facility?

(d) Name and address of driller;

(e) D e s c r i p t i o n  and use of p r o p o s e d  injection system,

nclud i n g  type and c o n s t r u c t i o n  of injection wells, n ature and

o l u m e  of injected fluid, and any proposed p r e t r e a t m e n t .

(2) Upon c o m p l e t i o n  of the well construction, the d r i l l e r  

hall c e r tify with the D e p a r t m e n t  that the well has been completed 

n a c c o r d a n c e  with the approved c o n s t r u c t i o n  plan, and submit any 

ther a d d itional i n f o r mation required by the c o n s t r u c t i o n  p ermit 

ef o r e  the well can be put into service.

{3) The D e p a r t m e n t  m ay issue a clearance letter or 

u t h o r i z a t i o n  to use, which is n o n - r e n e w a b l e  and n o n - e x p i r i n g . 

he clearance letter may contain o p erating and reporting 

e q u i r e m e n t s .

(4) Initial and/or p e r i o d i c  testing of the well may be 

equired for all Class V  wells.

7-28.63 O p erating P ermit

(1) In addit i o n  to a C o n s t r u c t i o n / C l e a r a n c e  Permit, 

ersnittees of these wells shall o b t a i n  an o p e r a t i n g  p e r m i t  for:

(a) Cooling w a t e r  return flow wells on an o p e n - l o o p e d  

ystem, with a d d i tives; G r o u p  3 wells e x c e p t  for swimming pool
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d r a i n a g e  w e l l s ;  and G r o u p  4 and 6 wells.

(b) C l a s s  V w e l l s  in G r o u p s  2 and 5 d o  not require an

o p e r a t i n g  p e r mit.

(2) O p e r a t i n g  p e r m i t s  shall be issued for a p e r i o d  not to 

e x c e e d  five years.

(3) At le a s t  60 d a y s  p r i o r  to e x p i r a t i o n  of an o p e r a t i n g  

p e r mit, the p e r m i t t e e  shall a p p l y  for r e n e w a l  of his permit. 

17 - 2 8 . 6 4  P l u g g i n g  and A b a n d o n m e n t  P e r m i t

(1) The p e r m i t t e e  of any C l a s s  V  w e l l  shall apply for a

P l u g g i n g  and A b a n d o n m e n t  P e r m i t  w h e n  the well is no l o n g e r  used or

u s a b l e  for its i n t e n d e d  p u r p o s e  or o t h e r  p u r p o s e  as a p p r o v e d  by

the D e p a r t m e n t .  The a p p l i c a t i o n  shall i n c l u d e  the p r o p o s e d  

p l u g g i n g  p l a n  and j u s t i f i c a t i o n  for a b a n d o n m e n t .

(2) Upon c o m p l e t i o n  of p l u g g i n g  and a b a n d o n m e n t  p r o c e d u r e s ,  

the e n g i n e e r  of r e c o r d  shall p r o v i d e  c e r t i f i c a t i o n  of c o m p l e t i o n  

in a c c o r d a n c e  with the p l a n s  and s p e c i f i c a t i o n s .

(3) The p e r m i t t e e  of any C l a s s  V  well m ay be r e q u i r e d  to 

p r o v i d e  e v i d e n c e ,  such as a s e aled cop y  of c e r t i f i c a t i o n  from the 

c o u n t y  clerk, that a s u r v e y o r ' s  p l o t  of the l o c a t i o n  of the 

a b a n d o n e d  well has been r e c o r d e d  in the c o u n t y  c o u r t h o u s e  p r o p e r t y  

records.

C O D I N G :  W o r d s  u n d e r l i n e d  are a d d i t i o n s ;  w o r d s
in sfeffael* t h r o u g h  type are d e l e t i o n s  fr o m  

e x i s t i n g  law.

-54-



Alternative 5. Inter-connection of the Existing Catch Basins and Placement of 

an Outfall Structure in the Coral Way Ditch (DOT Canal)

This alternative examines the effect of modifying direct surface 

discharge in order to alleviate the flooding problem of the City of West 

Miami. At present, the City of West Miami has no direct outfall 

facility. Runoff water generated from storm events enters the french 

drain system, reaches the groundwater table, and starts moving slowly 

toward the point of discharge (primary canals)*

Discharge of groundwater to the primary canals is dependent on the 

hydraulic properties of the water table aquifer. These properties

include the transmissivity, the hydraulic gradient (difference in canal 

and the groundwater table stages) and the width through which the

groundwater flow leaves the basin. Examination and analysis of several 

past storm events reveals that even though the District structures were 

open, and sufficient hydraulic head existed between the groundwater and

the canal stages, it generally took many days for the groundwater stage

to recede. However, during the storm event of April 1982, groundwater 

stages were lowered by more than 2 feet within 48 hours by a combination 

of groundwater flow and direct discharge from the basin.

The City of West Miami constructed a temporary outfall facility and 

discharged water from one of the catch basins to the Coral Way Ditch at a 

rate of 600 gpm (1.33 cfs). It should be stated that District Structure 

25B was open during this event also. This combination of direct 

discharge and the groundwater discharge solved West Miami's flooding 

problem within 48 hours. This clearly indicates that some positive 

outfall capability must be provided by the City of West Miami for future
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flood problems.

Preliminary economic calculations for this alternative and comparison 

with the cost of other alternatives indicates this to be the most cost 

effective approach.



CONCLUSIONS

This study clearly demonstrates the need of a positive outfall structure 

to alleviate flooding conditions in the City of West Miami. Based on the 

analysis of several water management alternatiaves, the most economical 

solution for West Miami is the interconnection of all the catch basins and 

extension of an outfall (pipe) structure at Coral Way ditch. This 

reconmendation, for construction of an outfall structure, is not new. As far 

back as 1968, after the June storm, the District informed West Miami city 

officials that the seepage drains were not adequate to carry off storm water. 

The Comprehensive Land Use Plan for the area, as prepared by the city 

planners, also pointed out that under the heading of "drainage element" the 

present system of storm water removal (through the seepage trench) could not 

adequately handle the large amounts of rainfall which the area receives. The 

Comprehensive Land Use Plan also recommended that additions to the system 

(including structures) must accompany or take precedence over the infiltration 

technique for effective drainage.
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EVALUATION OF PROPOSED ALTERNATIVES TO 
MINIMIZE FLOODING IN THE WEST MIAMI AREA

PURPOSE

Two spring storm events, April 24-25, 1979, and April 23-26, 1982, as well 

as a summer event, the August 16-20, 1981 storm, were benchmarks used to in­

vestigate alternatives to minimize flooding in the West Miami area. The canal 

system for the study area is shown in Figure 1. The stages maintained at the 

canals during the simulation of the storm events are also indicated in 

Figure 1. This system was the basis for which the following alternatives were 

compared and evaluated:

Alternative 1: A secondary structure is imposed at the intersection

of C-4 and the Coral Gables Canal. C-4 upstream has a minimum stage 

of 4.0 ft. m.s.l. (see Figure 2). The minimum stage at S-25B is 

lowered from 2.2 ft. m.s.l. to 1.8 ft. m.s.l. The coastal structure 

at the Coral Gables Canal is moved farther downstream (south of Red 

Road, see Figure 2), and the minimum stage modified from 2.2 ft. m.s.l. 

to 1.8 ft. m.s.l.

Alternative 2: The same as Alternative 1, except that the secondary

structure is moved upstream to the intersection of Snapper Creek and 

C-4 Canals, near the West Dade Expressway (see Figure 3).

I. Surface Modeling

A. Surface Ponding

At the beginning of each day, rainfall is read into the model. The 

rainfall is divided uniformly over hourly time steps and added to 

the surface ponding value corresponding to the previous time step. 

This process is repeated every time step. The surface ponding is 

initialized as 0.0 for every node point.

-1-



B. Overland Flow

Manning's equation is used to compute overland flow in the model.

The roughness coefficient used in the model is considered a function 

of land use type. The flow is treated as flow through a wide open 

channel; thus, the hydraulic radius is approximately by the water 

depth. The hydraulic gradient is estimated using the following 

relationship:

_ HU-HD 1(„ HU-HD
HG = T X —  0r HG = ~"DY

where HU = ELLS(X,Y) + P0ND(XaY)

and HD = ELLS(LX,LY) + P0ND(LX,LY)

HG is the hydraulic gradient

HU = Upstream stage

HD = Downstream stage

DX = Distance in the east-west direction

DY = Distance in the north-south direction

ELLS(X,Y) = elevation of land surface, in feet 
m.s.l. at upstream node point

P0ND(X,Y) is the ponding depth, in feet above land surface at upstream

node point. LX,LY are X and Y coordinates at downstream node point.

Since Manning's equation is one-dimensional, and used with a two- 

dimensional groundwater equation, overland flow is computed twice

in each time step, once in the north-south direction, and once in

the east-west direction.
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C. Channel Flow

The channel flow routine is a mass balance procedure that sums the 

inflows and outflows of a canal during one time step to determine the 

position of the water surface at the end of the time step.

The flow processes included are:

1. Structure discharge (COUT)

2. Groundwater movement into or out of canal (CGINF)

3. Overland flow in or out of canal (VOLOV)

A canal is a continuous channel reach, bounded by upstream and down­

stream structures. The following assumptions were incorporated:

1. The width of a canal is constant.

2. A simple weir approximation of outflow is used based on the canal

stage and the assumed width of the hypothetical weir.

3. If the canal stage is equal to the minimum stage at the structure

the outflow is zero. In this study the canals are not allowed to 

fall below the minimum stage, but are allowed to fluctuate above 

the minimum level.

D. Evapotranspi ration

The ET losses are based on potential ET (PET) and a linear reduction 

equation to calculate actual ET based on the depth to the water table 

PET varies with land use and time of year. The model uses 12 monthly 

PET values for each of the four land use types: 1-urban, 2-agricul-

tural, 3-swamp, and 4-vacant. Each land use has a shallow root zone 

(SRZ), and a deep root zone (DRZ) that are used to determine the 

actual amount of ET in the following way:
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II.

III.

ET = PET when the water table is at or above the shallow 
root zone.

ET = zero when the water table is below the deep root 
zone.

ET = PET * (DRZ-DPH)/(DRZ-SRZ) when the water table is 
between the shallow and the deep root zones where 
DPH is the distance from the land surface to the water 
table {ELLS(X,Y)-H(X,Y)).

The PET and the shallow and deep root zone values for each land

use are shown in Table 1.

Groundwater

Groundwater was based on the finite difference approximation of two 

dimensional transient equation for unconfined aquifers:

T x - ^ + T y - ^ = s | 5 -  + RCHG 
____________-x2 ‘________________

Where Tx and Ty are transmissivity values in the x and y direction, 
respectively.

S is the storage coefficient assumed to be 0.2.

h is the hydraulic head.

RCHG is the recharge which includes wellfield pumpage, ground­
water seepage to or from canals, surface ponding, and ET.

Description of Model Runs 

Model Area

The model area is about 150 square miles bounded north by C-7, west by

Snapper Creek Canal, and extension of C-2, south by C-2 and east by the

coastline. The grid resolution is one-third mile in the north-south and 

east-west direction. The area includes C-6, C-7, Tamiami east, Coral 

Gables Canal, and C-2 basins.

Model Runs

Three runs, one for each alternative and one for the present system 

were done for the three storm events mentioned earlier. The time step 

was one hour.
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1. For the April 1979 storm, the average yearly lowest groundwater

table for the period 1960-1975, published by USGS, is input.

2. For the April 1982 storm, the groundwater table at the end of

March 1982 is used.

3. For the August 1981 storm, the average groundwater table for the 

period 1960-1975 is input.

An additional run using daily rainfall from April 23-30, 1982, with the 

average highest groundwater table as the initial condition was done to 

evaluate the alternatives in an event with little initial groundwater 

storage. Daily rainfall for several stations, such as Miami International 

Airport and the Miami Field Station, were used. Rainfall for each node 

point is estimated by linear interpolation between station values.

The calculated values are divided uniformly over the 24 hourly time steps. 

Thus, the rainfall distribution is much smoother, but less than the 

maximum hourly rainfall. In addition, the spatial distribution of rain­

fall is smoother than the actual variation due to the linear interpolation.

The initial stages, if available either from the daily water readings 

or from the reports of the storm events published by the S.F.W.M.D., were 

input. For canals with more than one downstream structure, the average 

stage of the downstream structures was input. If the stage was not 

available, the initial stage was assumed to be the minimum stage.

Results of the Model Run

1. Tables 2-5 give the simulated groundwater table, ponding depth, and 

head (groundwater level + ponding depth) at specified dates for 

various locations in the study area. The results for the present 

system, and the two alternatives are presented. The groundwater

-5-



table is given in ft. m.s.l., the ponding depth in feet, and the 

head in ft. m.s.l.

2. Contour Plots of Simulated Storms

a. April 24-25, 1979 Storm

Figures 1A-1 thru 1A-3

Figures IB-1 thru IB-3

Figures 1C-1 thru 1C-3

b. April 23-25, 1982 Storm

Figures 2A-1 thru 2A-3

Figures 2B-1 thru 2B-3

Figures 2C-1 thru 2C-3

c. August 16-20, 1981 Storm

Groundwater table under the present 
system

Groundwater table for Alternative 1 

Groundwater table for Alternative 2

Groundwater table under the present 
system

Groundwater table for Alternative 1 

Groundwater table for Alternative 2

Figures 3A-1 thru 3A-3 Groundwater table under the present
system

Figures 3B-1 thru 3B-3 Groundwater table for Alternative 1

Figures 3C-1 thru 3C-3 Groundwater table for Alternative 2

d. April 23-30 rainfall with high initial groundwater table

Groundwater table under the present 
system

Ponding depth Alternative under the 
present system
Groundwater table for Alternative 1 

Ponding depth for Alternative 1 

Groundwater table for Alternative 2 

Ponding depth for Alternative 2

Figures 4A-1 thru 4A-3

Figures 4A-4 thru 4A-8

Figures 4B-1 thru 4B-3

Figures 4B-4 thru 4B-8

Figures 4C-1 thru 4C-3

Figures 4C-4 thru 4C-8
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IV. Summary and Conclusions

The response of the groundwater table, and the ponding depth to changes 

in the operation and modifications to the system, takes place at nodes 

at or near the canals involved. The greater the distance from the 

canals, the lesser the response of groundwater stage and/or ponding 

depth to the change. Thus, the rate of surface flow and/or ground­

water seepage into the canals determines the relative efficiency of 

each alternative to minimize flooding.

The findings from Alternative 1 are:

A. West Miami Area

1. The groundwater level is 0.1 ft. lower than under the present 

system. This is evident under the storm events analyzed.

2. The average ponding depth is 0.01 ft. lower than under the

present system. This can be seen in Table 5, and by comparing

Figure 4B-5 with 4A-4 and Figure 4B-6 with 4A-6.

B. Along C-4 West of Coral Gables Canal

1. The ponding depth is 0.01 to 0.1 ft. greater during periods 

of heavy rainfall (April 23-26, 1982 and April 25-26, 1979). 

This can be seen in Tables 1 and 5 and by comparing Figure 

4B-5 with 4A-5.

2. The groundwater table was 0.2-0.3 ft. higher the day before

the heaviest rainfall as shown in the analyses of the April

1982 and August 1981 events.

3. The groundwater level after the storm event was 0.5-0.8 ft. 

higher than under the present system. This is the case for 

all storm events analyzed.
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C. Groundwater Levels

The groundwater level along C-4 and the Coral Gables Canal, 

east of the structure is 0.1-0.2 ft. lower than under the 

present system.

The findings from Alternative 2 are:

A. The ponding depth in the West Miami area was reduced about

0.01 ft. as shown in Table 5. After the storm event,

groundwater levels were 0.1-0.2 ft. lower than under the

present system. (This was the case for all storm events analyzed.)

B. Along C-4 and the Coral Gables Canal, groundwater levels were 

0.1-0.2 ft. lower

The conclusions drawn from the above shows that Alternative 2 would

be the more efficient method. Any flood relief provided to the City

of West Miami by Alternative 1 could prove to be at the expense of 

increased flooding in the areas adjacent to C-4 west of the secondary 

structure.



V. Limitations of Model Results

Information concerning each node of the model output is simply the 

average value for the particular 1/3 mi. x 1/3 mi. node area. Thus, 

the model does not include any sub-grid scale variations. For example, 

suppose the head (groundwater level + ponding depth) for a particular 

node is 6.2 ft. above m.s.l., and the land elevation input is 6.1 ft. 

m.s.l., the model shows the ponding depth to be 0.1 ft. for the entire 

node area. There may be smaller scale variations in land elevation, 

that is, part of the area may be 6.5 ft. above m.s.l. and part 5.7 ft. 

m.s.l. Thus, if the model says the head is 6.1 ft., then some of the 

area is dry, while the part at 5.7 ft. is pounded 0.4 ft. Moveover, 

there may be flooding in an area where the model says it is dry because 

in reality part of the land within the node area may be below the 

topographic values used in the node.

A more detailed analysis of the location and depth of the flooding will 

require additional data not presently available. It will also require 

a survey of management practices imposed on local drainage canals by the 

local water companies.
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TABLE 1

POTENTIAL EVAPOTRANSPIRATION DATA 
(SRZ = shallow root zone, DRZ = deep root zone)

PET
Land Use SRZ DRZ (Annual)

Urban 2.0' 10.0' 20.5
Agricultural 2.01 5.0' 41.6
Swamp -0.5 1 6.0' 54.3
Vacant Land 3.0' 10.0' 38.4

PET (Avg. In/Day)
for Each Land Use

Month 1 2 3 4

January .036 .072 .093 .066
February .046 .090 .120 .085
March .058 .118 .153 .108
April .067 .114 .184 .130
May .073 .149 .195 .137
June .068 .138 .175 .124
July .067 .139 .180 .128
August .067 .136 .177 .127
September .059 .120 .157 .112
October .054 .108 .144 .100
November .042 .085 .111 .079
December .036 .071 .093 .066



TABLE 2

APRIL 24-25, 1979 STORM EVENT

Present System Alternative 1 Alternative 2
Location Date G.W. Pond Head G.W. Pond Head G.W. Pond Head

City of West Miami April 25 6.5 0.0 6.5 6.4 0.0 6.4 6.4 0.0 6.4
April 26 6.0 0.0 6.0 5.9 0.0 5.9 5.8 0.0 5,8
April 30 4.4 0,0 4.4 4.3 0.0 4.3 4.2 0.0 4.2

Sweetwater April 25 6.3 0.3 6.6 6.3 0.4 6.7 6.3 0.3 6.6
April 26 6.3 0.2 6.5 6.3 0.3 6.6 6.3 0.2 6.5
April 30 4.3 0.0 4.3 4.7 0.0 4.7 4.2 0.0 4.2

Along C-4 nr. April 25 6.3 0.0 6.3 6.7 0.0 6.7 6.2 0.0 6.2
Coral Gables Canal April 26 5.3 0.0 5.3 5.6 0.0 5.6 5.2 0.0 6.2

April 30 4.0 0.0 4.0 4.5 0.0 4.5 3.9 0.0 3.9

Along C-4 east of April 25 6.4 0.0 6.4 6.3 0.0 6.3 6.3 0.0 6.3
Coral Gables Canal April 26 5.4 0.0 5.4 5.2 0.0 5.2 5.2 0.0 5.2

April 30 3.8 0.0 3.8 3.8 0.0 3.8 3.7 0.0 3.7

Along C-4 south of April 25 5.3 0.0 5.3 5.3 0.0 5.3 5.3 0.0 5.3
Miami Airport April 26 5.0 0.0 5.0 4.9 0.0 4.9 4.8 0.0 4.8

April 30 4.2 0.0 4.2 3.9 0.0 3.9 3.9 0.0 3.9

Along Coral Gables April 25 5.5 0.0 5.5 5.5 0.0 5.5 5.5 0.0 5.5
Canal April 26 5.2 0.0 5.2 5.2 0.0 5.2 5.0 0.0 5.0

April 30 4.1 0.0 4.1 4.0 0.0 4.0 3.9 0.0 3.9



TABLE 3

APRIL 23-26, 1982 <

Present System
Location Date G.W. Pond Head

City of West Miami April 23 2.4 0.0 2.4
April 24 4.8 0.0 4.8
April 26 5.1 0.0 5.1
April 30 4.4 0.0 4.0

Sweetwater April 23 2.8 0.0 2.8
April 24 5.4 0.0 5.4
April 26 5.2 0.0 5.2
April 30 4.1 0.0 4.1

Along C-4 nr. April 23 2.5 0.0 2.5
Coral Gables Canal April 24 4.7 0.0 4.7

April 26 4.6 0.0 4.6
April 30 3.9 0.0 3.9

Along C-4 east of April 23 2.1 0.0 2.1
Coral Gables Canal April 24 4.4 0.0 4.4

April 26 4.3 0.0 4.3
April 30 3.7 0.0 3.7

Along C-4 south of April 23 1.5 0.0 1.5
Miami Airport April 24 3.8 0.0 3.8

April 26 3,9 0.0 3.9
April 30 3.5 0.0 3.5

Along Coral Gables April 23 2.5 0.0 2.5
Canal April 24 4.6 0.0 4.6

April 26 4.6 0.0 4.6
April 30 4.1 0.0 4.1



STORM EVENT

Alternative 1
;.w. Pond Head

2.3 0.0 2.3
4.7 0.0 4.7
5.0 0.0 5.0
4.3 0.0 4.3

3.0 0.0 3.0
5.7 0.0 5.7
5.6 0.0 5.6
4.6 0.0 4.6

2.7 0.0 2.7
5.2 0.0 5.2
5.2 0.0 5.2
4.7 0.0 4.7

2.0 0.0 2.0
4.2 0.0 4.2
4.2 0.0 4.2
3.5 0.0 3.5

1.4 0.0 1.4
3.7 0.0 3.7
3.6 0.0 3.6
3.2 0.0 3.2

2.4 0.0 2.4
4.5 0.0 4.5
4.5 0.0 4.5
4.0 0.0 4.0

Alternative 2
i.W. Pond Head

2.2 0.0 2.2
4.7 0.0 4.7
5.0 0.0 5.0
4.3 0.0 4.3

2.8 0.0 2.8
5.3 0.0 5.3
5.1 0.0 5.1
4.0 0.0 4.0

2.4 0.0 2.4
4.5 0.0 4.5
4.4 0.0 4.4
3.7 0.0 3.7

2.0 0.0 2.0
4.2 0.0 4.2
4.1 0.0 4.1
3.4 0.0 3.4

1.4 0.0 1.4
3.7 0.0 3.7
3.7 0.0 3.7
3.3 0.0 3.3

2.4 0.0 2.4
4.5 0.0 4.5
4.4 0.0 4.4
3.8 0.0 3.8



TABLE 4

AUGUST 16-20, 1981 STORM

Present System
Location Date G.-W. Pond Head

City of West Miami August 17 4.3 0.0 4.3
August 18 6.0 0.0 6.0
August 22 5.4 0.0 5.4

Sweetwater August 17 4.5 0.0 4.5
August 18 6.3 0.4 6.7
August 22 5.0 0.0 5.0

Along C-4 nr. August 17 4.0 0.0 4.0
Coral Gables Canal August 18 5.7 0.0 5.7

August 22 4.7 0.0 4.7

Along C-4 east of August 17 3.8 0.0 3.8
Coral Gables Canal August 18 5.5 0.0 5.5

August 22 4.5 0.0 4.5

Along C-4 south of August 17 3.9 0.0 3.9
Miami Airport August 18 5.3 0.0 5.3

August 22 4.7 0.0 4.7

Along the Corgal Gales August 17 4.1 0.0 4.1
Canal August 18 5.7 0.0 5.7

August 22 5.0 0.0 5.0



EVENT

Alternative 1
G.W. Pond Head

4.2 0.0 4.2
5.9 0.0 5.9
5.3 0.0 5.3

4.8 0.0 4.8
6.3 0.5 6.8
5.6 0.0 5.6

4.5 0.0 4.5
6.2 0.0 6.2
4.5 0.0 4.5

3.8 0.0 3.8
5.5 0.0 5.5
4.4 0.0 4.4

3.8 0.0 3.8
5.0 0.0 5.0
4.4 0.0 4.4

3.9 0.0 3.9
5.7 0.0 5.7
4.9 0.0 4.9

Alternative 2
G.W. Pond Head

4.2 0.0 4.2
5.9 0.0 5.9
5.3 0.0 5.3

4.5 0.0 4.5
6.3 0.4 6.7
5.0 0.0 5.0

3.8 0.0 3.8
5.3 0.0 5.3
4.4 0.0 4.4

3.8 0.0 3.8
5.3 0.0 5.3
4.4 0.0 4.4

3.8 0.0 3.8
4.9 0.0 4.9
4.4 0.0 4.4

3.9 0.0 3.9
5.6 0.0 5.6
4.8 0.0 4.8



TABLE 5

RUN USING APRIL 23-30, 1982 RAINFALL WITH AVERAGE YEARLY HIGHEST 
INITIAL GROUNDWATER CONDITION

Present System Alternate 1_____ Alternate 2
Location Date G.W. Pond Head G.W. Pond Head G.W. Pond Head

City of West Miami Day 2 
(April 24 
rainfall)

7.5 0.07 7.57 7.6 0.06 7.56 7.5 0.06 7.56

Day 3 
(April 25 
rainfall)

7.5 0.01 7.51 7.5 0.01 7.51 7.5 0.01 7.51

Day 8 
(April 30 
rainfall

5.5 0.0 5.5 5.3 0.0 5.3 5.3 0.0 5.3

Sweetwater Day 2 6.3 0.5 6.8 6.3 0.6 6.9 6.3 0.5 6.8

Day 3 6.3 0.4 6.7 6.3 0.5 6.7 6.3 0.4 6.7

Day 8 4.6 0.0 4.6 5.1 0.0 5.1 4.5 0.0 4.5

Along C-4 nr. Day 2 6.2 0.0 6.2 6.7 0.01 6.71 6.1 0.0 6.1
Coral Gables Canal Day 3 5.5 0.0 5.5 6.0 0.0 6.0 5.4 0.0 5.4

Day 8 4.3 0.0 4.3 5.0 0.0 5.0 4.2 0.0 4.2

Along C-4 east of Day 2 6.5 0.0 6.5 6.5 0.0 6.5 6.3 0.0 6.3
Coral Gables Canal Day 3 5.5 0.0 5.5 5.6 0.0 5.6 5.4 0.0 5.4

Day 8 4.3 0.0 4.3 4.2 0.0 4.2 4.1 0.0 4.1

Along C-4 south of Day 2 5.3 0.05 5.35 5.3 0.05 5.35 5.3 0.05 5.35
Miami Airport

Day 3 5.3 0.04 5.34 5.3 0.02 5.32 5.3 0.03 5.33

Day 8 4.7 0.0 4.7 4.4 0.0 4.4 4.6 0.0 4.6

Along the Coral Gables Day 2 6.8 0.0 6.8 6.7 0.0 6.7 6.6 0.0 6.6
Canal Day 3 6.5 0.0 6.5 6.4 0.0 6.4 6.3 0.0 6.3

Day 8 5.4 0.0 5.4 5.3 0.0 5.3 5.2 0.0 5.2



g r o u n d w a t e r  t r b l e  f o r  end  or f tPRit 25 1 9 7 9  - e x i s t i n g  s t r u c t u r e s  ( p r e s e n t  sys tem)

Figure 1A-1



groundwater  t r b l e  f o r  end of APRIL 26 1979 - e x i s t i n g  s t r u c t u r e s  ( p r e s e n t  system)

Figure  1A-2



g-roundnrter mBLE for end or APRIL 30 1979 - e x i s t i n g  s t r u c t u r e s  ( p r e s e n t  system)

Figure 1A-3



g r o u n d w a t e r  TflBtE f o r End of r p r i l  25 1979 - secondary structure at C-4 & C-Coral Gables

(Alternative 1)

Figure IB-1



C - 7

groundwater TflSLE FOR end of rprH. 26 1973 - secondary structure at C-4 & C-Coral Gables
(Alternative 1)

Figure IB-2



C - 7

groundhrter IR5LE for end of fipril 30 !979 - secondary structure at C-4 & C-Coral Gables

(Alternative 1)

Figure IB—3



C-- 1

g r o u n d w a t e r  TABLE FOR e n d of RPRJL 25 1979 - secondary structure at C-4 & C-Snapper Creek
(alternative 2}

Figure 1C-1



g r o u n d w a t e r  T A B L E  f o r  e n d  of A P R ] l 2 6  1 9 7 9  - s e c o n d a r y  s t r u c t u r e  a t  C-4 & C~Snapper
Creek (Alternative 2)

Figure 1C-2
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c-n

g r o u nd w at e r  TFI8LE for  end  of  pi p r j l  30 1979 -  s e c o n d a r y  s t r u c t u r e  a t  C-4 & C-Snapper Creek
( a l t e r n a t i v e  2 }

Figure 1C - 3



GROUNDWATER TABLE FOR END OF APRIL 23 1982

Figure 2A-1





GROUNDWRTER TABLE FOR END OF RPRJL 26 1962

Figure 2A-3



GROUNDWATER TABLE FOR END OF RPRJ L 30 1982
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GROUNDWATER TRBLE FOR END OF RPRJL 26 1982

Figure 2B-3



Figure 2B-4
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GROUNDWATER TABLE FOP, END OF RPR 1L 24 1982

Figure 2C-2



C-RGUNOWRTER TABLE FOR END OF APRIL 26 1982

F igure  2C-3



GROUNDWATER TRBLE FOR END Or flPRJL 30 1962

Figure 2C-4



C-RGUNDWRTER TABLE FOR END OF RUGUST 17 1981 -  e x i s t i n g  s t r u c t u r e s

Figure 3A-1



CROUNDWRTER TRBLE FOR END OF RUGUST 18 1 9 8 1 e x i s t i n g  s t r u c t u r e s

Figure 3A-2



g r o u n d w a t e r  t a b l e  f o r  end  o f  a u g u s t  22 1981 -  e x i s t i n g  s t r u c t u r e s

Figure 3A-3



groundwater TRBLE fo r  end of  AUGUST n  i9Bi - secondary  s t r u c t u r e  a t  C-4 and

C-Coral Gables ( A l t e r n a t i v e  1)



groundwater TABLE FOR end of AUGUST 16 1981- secondary structure at C-4 and C-Coral Gables
(Alternative 1)

Figure 3B-2



c-n

groundwater tab le  fcr end gf august 22 1961 _ secondary s t ruc tu re  a t  C-4 and C-Coral
Gables (Alternative 1)

Figure 3B-3



g r o u n d w a t e r  t r b l e  FOR eno o f  rug -us t  17 1981 - secondary structure at C-4 and C-Snapper Creek
(Alternative 2)

Figure 3C-1



o r o u n d h r t e r  TRBLE f c r  e n o  c f  AUGUST 18 1981 -  secondary s t r u c t u r e  a t  C-4 a n d  C-Snapper

. Creek ( A l t e r n a t i v e  2)

Figure 3C-2



C - 1

GROUNDWATER TRBLE FOR END OF AU0U5T 22 1981 - secondary s t r u c t u r e  a t  C-4 and C-Snapper 

Creek ( A l t e r n a t i v e  2)

Figure 3C-3



GROUNDHftTER TABLE TOR e n d  OF APR IL  24 1982 -  e x i s t i n g  s t r u c t u r e s  ( p r e s e n t  s y s t e m )

Figure 4A- 1



C - 7

g r ou n d w a t e r  t r b l e  f q r  e n o  of  RPRJl  25 1982 -  e x i s t i n g  s t r u c t u r e s  ( p r e s e n t  s y s t e m )

F igu re  4A-2



F igure  4A-3

g r o u n d k r t e r  t a b l e  f o r  eno o f  r p r j l  30 1932 -  e x i s t i n g  s t r u c t u r e s ' ' ( p r e s e n t  s y s t e m )



ponding- d e p t h . in feet * io for end of APRIL 24 1982 - e x i s t i n g  s t r u c t u r e s  ( p r e s e n t  system)

Figure 4A- 4



p o n d i n g  d e p t h . i n  f e e t * i o  f o r  end O F  a p r j l  2 5  1 9 6 2  - existing structures (present system)

Figure 4A- 5



ponding- d e p t h , i n  f e e t * iO  f o r  eno of  APRIL 26 1982 -  e x i s t i n g  s t r u c t u r e s  ( p r e s e n t  s y s t e m )

Figure 4A-6



p o n d ] n o  d e p t h ,  in fe.'et*)0 f o r  e n d  o f  R P R J L  21 1 9 8 2  - e x i s t i n g  s t r u c t u r e s  ( p r e s e n t  s y s t e m )

Figure 4A-7



C-7

g r o u n d w a t e r  t r b l e  f o r  end d f  APRIL 24 1 982 - secondary structure at C-4 & C-Coral Gab!
{Alternative 1}



g r o u n d w a t e r  TABLE f o r  end o f  a p r j l  25 1932 - secondary structure at C-4 & C-Coral Gables
(Alternative 1)

Figure 4B-2

*



g r o u n d w a t e r  t a b l e  f o r  e n d  o f  a p r j l  30 i982 - s e c o n d a r y  s t r u c t u r e

(A l t e r n a t i v e  1 ) 

Figure  48-3



PONDING DEPTH, IN F E E T * ] 0  FOR END OF APR J L 24  1982 - secondary s t r u c t u r e  a t  C-4 & C-Coral Gables 

( A l t e r n a t i v e  1)

Figure 4B-4



e-7

PONDING DEPTH. IN  FEET * 10 FOR ENO OF APRIL  25 19B2 secondary structure at C-4 & C-Coral Gables
(Alternative 1)

Figure 4B-5



PONDING D EP TH . IN  F E E T * 1 0 FOR END OF APRIL  26 i 9 8 2

Figure 4B-6

secondary structure at C-4 & C-Coral Gables
{Alternative 1)



p o n d in g  d e p t h ,  jw f e e t * i o  f o r  end o f  fiPRJL. 21 1982  " secondary structure at C-4 & C-Coral Gables
(Alternative 1)

Figure 4B-7



OND] NG DEPTH, ! N' FEET * ] 0 FOR END OF APRIL 28 1982 - secondary structure at C-4 & C-Coral Gables
(Alternative 1)

Figure 4B-8



GROUNDWATER TfiSLE FOR end  OF flPRJL. 24 1982 - secondary structure at C-4 & C-Snapper Creek
(Alt

Figure 4C-1

(Alternative 2) ^
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C-R0UNOHRTER trble fcr end OF RPRJL 25 1982 - secondary structure at C-4 & C-Snapper Creek
{Alternative 2)

Figure 4C-2



g r o u n d w a t e r  tfible f o r  e n o  o f  a p r j l  30 1 9 8 2  - secondary structure at C-4 & C-Snapper Creek
(Alternative 2)

Figure 4C-3



c-n

p o n d  I N O  d e p t h .  in f e e t  ■ \ o f o r  e n d  o f  RPRJL. 24 1982 - secondary structure at C-4 & C-Snapper Cree
(Alternative 2)

Figure 4C-4



p o n d i n g -  d e p t h ,  jn f e e t  * \ o  f o r  e n d  o f  R P R i L  25 1 9 8 2  - secondary structure a t  C-4 & C-Snapper Creek
(Alternative 2)

Figure 4C-5



p o n d i n g  d e p t h ,  in f e e t  * i o f o r  e n d  o f  A P R I L  26 1 9 8 2  - secondary structure a t  C-4 & C-Snapper Creek
(Alternative 2)

Figure 4C-f>



Figure 4C-7 -



C - 7

p g n d j n g  d e p t h ,  in f e e t * io f o r  e n o  o f  H P R i L  28 i 9 S 2  - secondary structure at C-4 & C-Snapper Creek
(Alternative 2)

Figure 4C-8


