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VILLAGE OF KEY BISCAYNE
STORMWATER MASTER PLAN

Executive Summary
Introduction

The Village of Key Biscayne contracted with Williams, Hatfield and Stoner, Inc. in
April 1993 to prepare a Stormwater Master Plan for the public rights-of-way in the
area generally west of Crandon Boulevard. The need for this planning effort was,
in part, stimulated by the requirements of the relatively recent Federal regulation
known as the National Pollution Discharge Elimination System (NPDES). This
legislation requires municipalities to adopt capital improvement plans for stormwater
management and a dedicated funding source to implement those plans.

The purpose of this study, therefore, is to develop a capital improvements plan that
will reduce the incidence of flooding and improve the quality of stormwater
discharged from the study area within the Village. The improvements recommended
in this plan will primarily be funded with the revenues generated through the
Village's Stormwater Management Utility (SMU). Those funds may be
supplemented with other sources such as grants.

The scope of this study includes an analysis of existing conditions, stormwater
calculations to determine stormwater management needs, and an evaluation of
alternatives for serving the projected volumes of stormwater runoff.

Existing Conditions

The existing stormwater management systems on Key Biscayne are a combination of
positive drainage systems and seepage (exfiltration) facilities. These systems were
installed on a piecemeal basis to address localized flooding problems.

Details of the existing stormwater management system were obtained through field
survey and other available information and a database was created (using LOTUS
123 release 3.0 software) to record this information. This database should be
updated by the Village as the stormwater management systems are improved.

The elevational characteristics of the study area limit the effectiveness of the existing
positive drainage systems. The high water table and low "head” (difference in
elevation between surface and water table elevations) result in the catch basins filling
up with water and draining very slowly. This is due to the lack of elevational change
that is necessary to force water to drain.

Village Stormwater Management Master Plan ES-1
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The soil characteristics in the study area also limit the effectiveness of exfiltration
systems. Soils are very silty to a depth of approximately 25 feet and have very slow
percolation rates (.00001 cubic feet per second per square foot per foot of head).
Though the auger wells and french drains in the study area can provide storage and
slow exfiltration during relative light rain events, they are less productive in heavier
rains due to the slow percolation rate.

Needs Analysis

Current regulations administered by Dade County’s Department of Environmental
Resource Management (DERM) require that the municipality’s stormwater
management system handle the rain intensity of a S5-year storm and provide retention
and pretreatment for the first inch of runoff. The existing system in the study area
was evaluated based on these water quantity and quality criteria and professional
engineering judgement and was found to be inadequate.

A base map of the Village was developed and drainage basins defined as the basis
for calculating the demands on the future stormwater management system. The
Village was divided into nine drainage basins based on elevational characteristics.
The study area includes eight of these nine basins.

The areas, impervious/pervious percentages, and swale storage volumes were
calculated for each drainage basin. Using the Rational Method, the volumes of
runoff that must be managed in each basin were calculated. (For drainage
calculations for each basin see Appendix E.)

An evaluation of alternatives to manage the calculated runoff volumes and provide
retention and pretreatment of the first inch of runoff was prepared based on the
analysis of existing conditions and results of the needs analysis.

Alternatives Evaluation

The five alternatives evaluated are listed below:

. On-site retention or detention

° Exfiltration or seepage systems

° Positive drainage systems with direct outfall

° Positive drainage with pump stations, injection or gravity wells, and
emergency outfalls

° Positive drainage system with drainage wells and emergency outfalls

The alternatives considered feasible enough to warrant a detailed analysis were the
latter two which both utilize drainage wells. The primary difference between the two
alternatives is that one utilizes pumps to force water into the wells and the other
relies on gravity for drainage.

Village Stormwater Management Master Plan ES-2
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After a detailed cost analysis for both alternatives, the development of a positive
drainage system with drainage wells that do not rely on pump stations was
recommended due to the high cost and maintenance requirements associated with
the use of pump stations.

The cost of providing this stormwater management alternative for each basin is
provided in Chapter 3, Exhibit 3.7. The costs per basins range from $184,000 to $1.2
million. The total system cost is estimated at $4.9 million.

Recommendations and Implementation Guidelines

The Village may choose to construct these facilities over a period of years based on
available revenue or all of the facilities could be provided in one to two years if some
sort of debt financing is utilized.

If the pay-as-you-go funding method is chosen, the Village will need to prioritize the
drainage basins to determine which facilities to construct first with available
revenues. To assist in this task, an initial attempt to prioritize the basins based on
historical flooding and the potential to maximize short-term water quality
improvements is provided in Chapter 4, Exhibit 4.1.

The debt financing techniques available to the Village, revenue bond financing or
bank financing, are also described in Chapter 4. If either of these financing methods
are chosen, the need to prioritize basin improvements would be eliminated and the
improvements to the stormwater management system in the entire study area could
be completed in a relatively short period of time.

Other recommendations related to implementing a stormwater management program
are included in Chapter 4. These recommendations are divided into the three tasks
typically associated with a stormwater management program; administration,
operations and maintenance and capital improvements.

Village Stormwater Management Master Plan ES-3



VILLAGE OF KEY BISCAYNE
STORMWATER MASTER PLAN

Chapter 1
Existing Conditions

1.0 Introduction

The preparation of this Stormwater Master Plan is not the first effort to improve
stormwater management on Key Biscayne. In 1969 the Key Biscayne Storm Drainage
Improvement Special Taxing District was established by Dade County Resolution R-
1301-69 to provide drainage improvements including catch basins, collection pipes
and outfalls. Between 1968 and 1969, the Crandon Boulevard drainage system was
also constructed. Several other public and private drainage systems have been
installed since these efforts in the late 60’s.

The Village, which was previously within unincorporated Dade County, mcorporated
in 1991. The Vlllage established a Stormwater Management Utility (SMU) in 1993
as a means to improve stormwater management conditions within the Village and to
meet National Pollution Dlscharge Elimination System (NPDES) requirements’ .
The purpose of the SMU is to establish a dedicated source of revenue to make
stormwater management improvements in the public rights-of-way that address both
water quantity (flooding) and water quality (pollution) problems.

1.1  Scope of the Stormwater Master Planning Study

The Village contracted with Williams, Hatfield and Stoner, Inc. (WHS) in April 1993
to prepare a Stormwater Master Plan for the public rights-of-way within a portion of
the Village. The purpose of this plan is to set out a financially feasible capital
improvements program for stormwater management within these rights-of-way that
can be funded primarily with the revenues generated by the Village's SMU and
supplemented with other revenue sources such as grants.

This Stormwater Master Plan contains the following information:

° a description of the existing conditions related to the stormwater management
system;

° an analysis of existing deficiencies and future needs;

° an evaluation of alternatives to meet those needs;

! The Federal regulation (40 CFR Parts 122,123, 124) regulating the quality of
stormwater runoff entering waters of the United States.
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° and recommendations, priorities and a phased implementation schedule for
stormwater management improvements.

Description of the Study Area

The entire Village is included in the project area, though the study area for purposes
of master plan recommendations does not encompass the entire Village. The study
area is described below along with the characteristics that affect stormwater
management planning.

1.2.1 Regional Location

The Village of Key Biscayne is in Dade County, Florida. The Village is located in
the center of an island (Key Biscayne) which is approximately 5.5 miles east of
Downtown Miami. Access to the Village is by the Rickenbacker Causeway. The
regional location of the Village is shown on Exhibit 1.1.

1.2.2 General Location

The Village is approximately 850 acres bounded on the east by the Atlantic Ocean,
the west by Biscayne Bay, the north by Crandon Park and the south by Bill Baggs
State Park. The general location of the Village is shown on Exhibit 1.2.

1.2.3 The Study Area

The study area, for purposes of master plan recommendations, is that area of the
Village generally west of Crandon Boulevard excluding those streets served by the
Crandon Boulevard drainage system. The study area is approximately 370 acres.

The streets east of Crandon Boulevard, while part of the City's street system, either
have drainage improvement projects currently under design or are connected to the
Crandon Boulevard System and are being addressed by others.

The Village and the study area are shown on Exhibit 1.3.
124 Land Use
The future land uses in the Village are shown on Exhibit 1.4. The study area is

predominately single family homes, with an elementary school centrally located
within the neighborhood and commercial development along Crandon Boulevard.

Currently, there is one vacant tract of land in the study area. It is approximately 10
acres and is adjacent to and west of Crandon Boulevard. It is designated to become
a recreational land use in the future and thus should remain predominately pervious.

Village Stormwater Management Master Plan 2
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The area east of Crandon Boulevard that is outside the study area is a mixture of
single family homes, hotels and highrise residential development. Currently, one
large parcel east of Crandon Boulevard, which is part of the Sheraton Royal Biscayne
Hotel property, is vacant. Another large parcel in this area is currently under
development.

It should be noted that examining the land use in the study area is for descriptive
purposes only. This study pertains only to the land area encompassed by the public
rights-of-way (plus an additional 15 feet on either side). Land uses and the
associated impervious/pervious characteristics were, therefore, not considered in the
stormwater calculations described in Chapter 2.

1.3  Factors that Affect Stormwater Management Planning

Many factors affect the methods that can be used for stormwater management in a
given area. These include topography, water table elevations, soil infiltration rates,
rainfall intensity and regulatory requirements. These factors and how they affect
stormwater management planning on Key Biscayne are explained below.

1.3.1 Topography

As part of this study, the public rights-of-way in the study area were surveyed and
spot elevations were taken every 100 feet along the roadway centerline profile.
These elevations are shown on the Stormwater Master Plan which is provided in
Appendix A. General land contours were generated from the spot elevations and are
shown on the Stormwater Master Plan. The contours reflect the general slope of the
roadways. The raised house pads and landscape features were not considered in the
contour modelling.

The topography on Key Biscayne is very flat. In general, the elevations of the
roadways are approximately 3.5 to nearly 6 feet above mean sea level (msl). This is
generally only 1.5 to 4 feet above the average high tide elevation (2 feet above msl).

The low elevations are significant because the closer the outfall water elevation is to
the land surface, the fewer options there are for stormwater management. If the land
elevation and the outfall water elevation are already nearly the same, the water will
pool on the land or flow off very slowly. The difference in elevation between water
on the surface of the land and the outfall water elevation is referred to as "head”.
This concept is central to stormwater management as it takes a certain difference in
elevation, or head, to force water to drain or run off the land surface.

1.3.2 Water Table Characteristics

The elevation of the water table below the land surface is critical to stormwater
management planning. The zone between the water table and the land surface is the

Village Stormwater Management Master Plan 7



area that can be used for soil storage of exfiltrated water and storage for
retention/detention basins. The elevation of the water table also controls the
available head to force stormwater to drain into drainage wells.

The water table below Key Biscayne is totally influenced by tidal waters. Mean high
water of two feet above msl was used as the basis for future stormwater management
planning in this study. Given the high water table elevation and the elevations taken
on the public rights-of-way within the study area, there is, on average, only 1to 3 feet
of head typically available in the study area to force stormwater to drain.

1.3.3 Infiltration Rates

The soil infiltration rate, (the rate at which water will be absorbed by the ground),
is very important for stormwater management planning. If water is absorbed quickly,
there is less surface water runoff and more water can be removed from the land in
a smaller amount of time. If water is absorbed slowly, there is more surface water
runoff and larger amounts of land are necessary for stormwater retention purposes.

The soils on Key Biscayne are very silty, which means the soil particles are very
small. These small particles do not allow water to soak into them very quickly.

Water that does eventually infiltrate into the ground is stored in the soil above the
water table until it is gradually drained. When the soil becomes saturated,
infiltration is greatly reduced thus increasing the amount of surface water runoff from
the remainder of the storm.

Existing geotechnical reports (from Law Engineering Inc. and Ardaman &
Associates), which provided soil boring data and recent percolation tests were
reviewed to determine exfiltration rates (exfiltration rate is the time it takes for water
to be absorbed by the ground from a drainge pipe in a trench or well). The
geotechnical test information is provided in Appendix B. This data shows that the
silty soils in the Village occur as deep as 25 feet below ground and the percolation
rate of the soil is only .00001 cubic feet per second (per ft* per foot of head), which
is very slow.

1.3.4 Rainfall Information

The amount of rainfall affecting an area and the correlation between rain events and
flooding is a good indicator of the amount of rain that the existing stormwater
management system is designed to handle. The amount of rain in the storm that can
be handled by the stormwater system is correlated to its probability of exceedance
in years (i.e., one time in two years, one time in five years, etc). This storm is then
referred to as the "design storm” or "level of service” for which the stormwater system
can be expected to function properly. A storm with greater amounts of rainfall than

Village Stormwater Management Master Plan 8



the design storm will generate more runoff than the stormwater management system
is designed to remove and some flooding may result depending on the specific
storm’s intensity and duration.

Unfortunately, no rainfall data is available for Key Biscayne specifically. The closest
rain gauge is located at Miami International Airport. Dade County standard rainfall
intensity curves for the five year storm, therefore, was used to calculate the amount
of runoff that should be anticipated by the future stormwater management systems
in the study area.

1.3.5 Stormwater Management Regulations

Stormwater management regulations relating to both water quality (pollution) and
water quantity (flooding) have become more stringent at all levels of government,
Federal, State and County. Agencies regulating the quality of stormwater discharge
include the Federal Environmental Protection Agency (EPA), the South Florida
Water Management District (SFWMD), The Florida Department of Environmental
Protection (DEP - formerly DER), and Dade County Department of Environmental
Resource Management (DERM).

The two agencies that affect activities on Key Biscayne the most are the EPA
administering National Pollution Discharge Elimination System (NPDES) regulations
and DERM with their water quality and water quantity standards for facility design.

1.3.5.1 National Pollution Discharge Elimination System (NPDES)

DERM requirements must be followed for new construction and NPDES requires
retrofitting of existing systems to bring them up to acceptable standards in regard to
the quality of stormwater discharged.

The EPA administers NPDES regulations. An NPDES permit application (known
as Part IT) must be submitted by municipalities to EPA within the time frames
specified in the law. The permit application contains capital improvement plans and
describes stormwater management practices to be applied to improve the quality of
stormwater discharge and must identify a dedicated funding source to pay for these
improvements. If EPA finds these plans acceptable, a S-year NPDES permit is
granted that allows the jurisdiction to discharge stormwater into "waters of the
United States”. The improvement plans are attached as conditions to this permit.

1.3.5.2 Dade County DERM Stormwater Management Regulations

Dade County DERM has established standards that stormwater management systems
must comply with to be permitted. These regulations are described in detail in
Appendix C and the key aspects of these regulations that affect the drainage
alternatives to be considered for the Village are summarized below.

Village Stormwater Management Master Plan 9



The Design Storm - Water Quality Requirements

DERM has established design storm frequencies and flood limits for various street
cross-sections. For two lane roads in residential and commercial areas, such as those
in the study area, the street drainage system must be able to remove the runoff from
a storm with a S-year return frequency.

The use of the design storm is one of the critical elements in determining what type
of drainage system can be used in the study area in regard to the quantity of water
that must be managed.

Retention, Pretreatment - Water Quality Requirements

DERM regulations state that where full on site retention can not be provided, an
emergency overflow may be permitted if there are facilities in place that will provide
retention for the first inch of runoff. Permits are required for emergency overflow
into any water body in Dade County.

The purpose of providing retention and pretreatment for the first inch of runoff is
that this first flush of water is most likely to contain the heaviest concentration of
pollutants.

Pretreatment of runoff must be provided prior to discharge into the seepage or other
exfiltration facility. This pretreatment is performed by a variety of methods such as
swale retention or pollution control devises that serve as grease and oil separators
as well as settling chambers.

14  Existing Stormwater Management Systems

The drainage systems currently in place in the Village are a combination of positive
drainage systems and seepage systems. A positive drainage system refers to one in
which water is transported directly from the land to a continuous outfall to the bay
or ocean. A seepage system is one that utilizes the permeability of the soil for both
retention (temporary storage) and cleansing of a portion of the stormwater. Once
the soil is saturated in a seepage system, the remainder of the water to be drained
becomes runoff and is transported by the positive drainage system to the outfall.

The information on the existing drainage system was gathered from various sources.
These include:

° Field survey;
° Crandon Boulevard widening construction plans - FDOT Project Number
87052-3622;

Village Stormwater Management Master Plan 10



° Dade County Environmental Resource Management (DERM) Stormwater
Monitoring and Evaluation Section;

° Recorded DERM outfall permits;
° Plans from C.A.P. Engineering Consultants, Inc., project #30E305.

The Village's existing stormwater management system is shown on Exhibit 1.5.
Though the individual details are not discernable on Exhibit 1.5 due to its small size,
the exhibit does show the general location of facilities and where no drainage
infrastructure is in place. The specifics of the existing system are clearly shown on
the Stormwater Master Plan in Appendix A.

1.4.1 Positive Drainage System Inventory

Catch Basins - Rim elevations, inverts, pipe size, pipe direction and visual condition
of the catch basins were evaluated through field survey. It was assumed that those
catch basins that did not have pipes connected to them were actually auger wells
which are part of the Village's exfiltration system. Once installed, catch basins and
auger wells look similar when filled with water and debris so a more definitive
determination could not be made.

Exhibit 1.6 contains the database of information on each documented catch basin.
This information was obtain through field survey and the best available information.
Some existing catch basins may have been covered by grass or other vegetation and
were, therefore, not recorded.

The inventory in Exhibit 1.6 was recorded in a database software (Lotus 123 release
3.0) and is meant to serve as a tool for the Village to use to keep updated and
accurate records of maintenance activities and additions to the system. As more
information is collected during the final design and construction phases of the
stormwater program, it should be added to the database.

Outfalls - There are 23 outfalls from individual drainage systems permitted by
DERM in the Village (See Appendix D). The outfalls range from 8" to 48" in size
and were permitted and installed between 1969 and 1992. Many of the outfalls were
constructed between two residential lots which limits access to them. It could not be
determined, therefore, if all of these outfalls are open and functioning. Some may
be silted over or otherwise inoperable. Available information on the outfalls is
included in the database shown in Exhibit 1.6.

Village Stormwater Management Master Plan 11



VILLAGE OF
KEY BISCAYNE
FLORIDA

LEGEND

meve— . -:__:l EXISTING INLET W/PIPE SIZE INLET NO & RIM ELEV.

EXISTING STORMWATER
MANAGEMENT SYSTEMS
EXHIBIT 1.5

#‘ké WILLIAMS, HATFIELD & STONER, INC.
NO REPRODUCTION WITHOUT PERMISSION

EFERY.




1Iv41no 0.9¢ {89} — [4: 24 QOOMTIONM | ¥ AVM HILVM | MH [0€
1vV4Lno 0.9¢ 89’ — c8'v GOOMTIONM | ¥ AYM HILVM | MH |62
b o) L4 S¥'iL- SE'Y QOOMTTIONM | 00} 80 |8¢
b[o) 4 Sli- Scv JOOMTIONX |06 80 [/¢
1vV4LNO 4 2.8 |€1°0 €S’y QOOMTTONX | 0Se 80 |9¢
MO L4 0.l (GE0— SS'v 3AIHA ANVISI | L0E g0 |G¢
MO L4 S P20— |[90'F 3AIHA ANVTIS| 80 |2
HIEM S 09€ |G| — S9'v HOSNIHVA | ¥ AVYM HILVM | MH [g2
HEM S 0u9€ | LG'L— €9’y HAIANIHVAN | ¥ AVM HALYM | MH |22
¢d399Md 1v41N0 S 0:9€ [ LG'| — €9t HO INIHYW | ¥ AVM HALYM | MH | |2
¢03955M1d 1v41N0 S 0.9€ 1 6'L — S9'v HAINIHYW | ¥ AVM HILVM | MH |02
b [o] c €91 - JX 4 HO INIUYW | ¥ AVM HILVM 80 (61
o] 4 L= 1 X4 HO INIHYW | ¥ AVM HILVYM g0 |81
X0€ TVOIHLOT13 14° R4 Hd HOGHVYH | 0E6 80 /I
belo) 4 004 1 ¥0'C— 2.1 |90 — ¢l'€ | 3JAIHA HOQYVYH | L16 80 (91
O L4 o8t g ce'e VIHSYW M| Y0 HOSHVH g0 (G|
MO v ot lge— o8t (6L E— tL'E VIHSVYW M| Hd HOgHVH 80 vl
NOLVOO1 2 T1amM S SE't HA VLHSVIN N | 10S 80 |E}
1413 4O 114 S L'y HA VLHSVIN N | LOS g0 |2}
NI a3Td4 S 0.8 1020 i8°€ HA VIHSYIN N | 00S 90 (I}
)0 S OSH | LL L= £€8'€ HA VIHSVW N | L0S 80 (01l
1HId 40 TINd S oLy HA VLHSVIN N | 10S g0 |6
NOLVOO1 | T1IM L4 o2t |20°L 024 |26°0 ch'e HA VLHSYN N | €9 90 |8
blo] 3 o<t (02 02t | SL'IMS o6'e HA VIHSYWN N [0¥9 80 |/
b [o) _. 0c’'L jol'e HA VIHSVN N [ 029 g0 |9
MO I ot [eL'e o2t {801 1 X4 HA VLIHSYIN N | 0v9 g0 |G
belo) L4 o1 |86°0 88°€ HAQVIHSYW S ]0S9 80 |
A0 £6/€ |1 Ol |EE°L l9°€ HAVLHSYW S| 129 80 |¢€
WIHMOT € ol 1 G0'0— 0l'€ Ha VLIHSVYIN N |sel 90 |2
WId MO € o2t | 01’0~ o2t |91°0~ 08'c HA VIHSYA N |0gZ 80 ||
() 3dAL 3dAL 3dALl 3dAl "1S ONILO3SHALNI
INIVIA LSV 40 31vad HO 3dAL azs M Rz 3 Az S aze N A313 AW 1o () ‘ON
JHNLONHLS 40 gvH3 || 3dd 3did 3did 3did W 133dis ‘ON 3SNOH 3dAl [LONYIS
NOILIONOD TVNSIA dodd (2) 3dAL 3718 ‘SLHIANI IdId His NOLVOO1 1ONYLS | SHM

€6-91-8 31va

XM VINLSEee 311
91—1'el=1:8M008 @13
00°'scee ‘ON gor

9'lL LIgiHX3

SHNLONHLS 30V1d3H ANV JAONW3YH =S

S3did AV YO/ "LONYLS HIVd3Y ‘NVIO =+

T44va A0V ‘YIS dOL HO JLvHD ? INWL HIvd3d = ¢
Fddva ® LAVd QY =2

Jddvaaav=1

‘AdAL NOWVLAIGVHIH Q350dodd (¢)

3did TYLIN 'HHOO = dND
3134ONOD =D
:3dAL 3did ()

AHOLN3ANI 3HNLONYLS IDVNIVHA DNLLSIX3
NVid H31SVN LNIJWIDVNVN HILVMWHOLS IDVTIIA

TIVMAVYIH = MH
TIOHNVIN = HN
NISVE HOLYO =80
‘3dAL 3HNLONYLS (1)




é 89'Y NOONVYHO 80 (09
N0 onbe | GE'S— 0.9€ [gl'g— 008 | GL'g— |00°S NOONVHO g0 |6S
NI Q3714 S9'v NOGONVHO 80 |8S
137N 8HNO y9'¢ NOONVYHO 80 |/S
137INI 84NO iv'e NOONVHO 80 |9S
pfo) 08l 1EL' |- o8} E€E'L— 12V NOAQNVHO 80 |GS
MO 0.SH |20 L= 08} |ecC— 09 | 2gl'g— 80’y NOONVHO 80 G
pl) 0.9€ [ GE'C— 0.9€ [0V'C— [|SC'Y NOGNVHO 80 |eS
plo) 0.9€ | 62'C— 28|12} IS’y NOONVHO g0 |2S
b o) o8t (1St LY NOGNVHO 80 |[IS
pl®) — 9.8} 19°0 SS'E VLHSVIN NOUNVYHO 80 |0S
N0 3 0.8 | ¥€°0 ¥9'e VLHSVIN NOONVHO 80 (6%
b I c8'¢c— 0.9¢ | $E'C— 1728 VLHSVYIN NOONVHO 80 (8¥
M0 9.0€ 1 60°0 0.9€ |121°0 vL'S NOONVHO 80 |/
137INI 8HNO 69'v NOGNVHO 80 |9V
b @) ¢6c— {82C'S NOGNVHO 80 |S¥
b ) 0.9¢ | 6¢'C— 6cc— (|18} NOONVHO 80 | v
pl®) € 9SLIELL jeed JOOMTIONM | 3AIHA ANV1SI 80 |Eb
N0 4 0511680 |seb JOOMTIONM { 3AIHA ANVTIS) 80 |¢b
M0 L 00€ | L0 0 o'y GOOMTIONM | 3AIHA ANVISI 80 |1I¥
pol®) — 908 (€70 0.0€ 120 ov'v QJOOMTIONM | 3AIHA ANVISI 890 |0v
1V4LNO I 088 |89k — /S'S | VAIHOTI 3dvO| SAVM HILYM | MH [6€
TIv4LNo I 09 |€9°L— JI/S'S | VAIHOTd 3dVO| SAVM HIALYM | MH [gg
1IV4LN0 L 098 | 'L — 0S'S | VAWOIdIdVO| SAVM HILYM | MH /¢
1v41no 3 08€ | |'|~ 0S'S | VAHO1d 3dVO| SAVM HILYM | MH [9¢
NOLVOOT S T1am L4 0.8€18S'L— [V | VAIHOTd 3dVO| S AVM H3LYM 80 (g€
N0 I 0:9€ | G0°0 S8'v | VAIHOTd 3dvD | 002 80 (vE
T1IV4LNO 14 O8H19°0 Sl'v | VQIHONd 3dVD| ¥ AVM HILVYM g0 [ge
TIvV3LNO 0.9¢ (89°| — [4: 34 JOOMTIONM | ¥ AVM H3LVYM | MH [2g
1v41lno 4 0.9€ /89| — [4: 34 QOOMTIONM | ¥ AVM HILYM MH |1|g
(€ 3dAL 3dAL 3dAl JdAlL "1S ONILO3SHALNI
INIVN 1SV 40 31vd HO IdAL || 3z M 3z 3 Aze S Azs N A313 JNWN Jo () ‘ON
JHNALDONHLS 40 8VH3Y || 3did 3did 3did 3d\d WH 133y1s 'ON 3SNOH 3dAl [IONdls
NOILIONOO IVNSIA doHd (2) 3dAL '32IS ‘S1HIANI 3dId uis NOLVOO1 LONYULS | SHM
FNLONYLS F0VId3H ANV IAOW3H = ¢
$3did AV HO/B "LONYLS HIVd3H ‘NVFIO = ¥
€6—-91—-8 nm._.zvﬂ T44va AQV ‘8V1S dOLHO FLVHD ? IWVHL HIvd3d = ¢ TIVMAV3H = MH

EXMVINLSEZe 3]
91— 'el=1:9M008 @134
00°'scce ‘ON gor

9' I 1I18IHX3

Tddva ® LAVdaav =2
Jddvaaqav =1

‘AdAL NOLVLMIGVHIY Q350dOHd (¢)

AHOLNZANI JHNLONYLS IDVNIVHA DHNILSIXI
NVid HILSVIN LINTJWIDVNVIN HILVMWHOLS IADVTIIA

3did TVL3N 'HHOO = dNO

3134ONOD =0
:3dAL 3did @)

FIOHNVA = HW
NISVE HOLYO =80
‘3dAL FdNLONYLS (1)




1O 081 [9L°} 0.9¢ |62’ — O8I ve L— [|9C'Y NOAQNVHO 80 (06

MO 0%t (GE'L 4150 4 NOGNVHO 80 |68

MO 2.81 [9g°1 98'v NOAQNVHD g0 (88

MO 081 (9| 0:9¢ [ $E° | — 082 | v2' L~ 98V NOAQNVHO g0 /8

137INI gHNO l6'¢ NOAQNVHO a0 |98

137Nl g4ND 06'c NOGNVHO 90 |68

velL— o' NOONVHO a0 (8

o2 | 9P L — 4% 4 NOANVYHO 80 |€8

0.0€162°0— 008 [G9'0— |ISt'Y NOGNVHO a0 (¢8

O0.0€ |1 98'0— O0€ 19L°0— [PC'S NOGQNVHD a0 18

MO LOMNJINOD 6L 8l'v NOGNVHO 80 |08

13INIgHND 85t NOGNVHO 90 |6

13N gHND vi'e NOGNVHO 80 |81

MO o2 (90— 0.8 192°0~ ||LS'Y NOGNVHD 80 |2

Te) o2 [92°0— Oub2 | $2'0— oy NOGNVHO 80 (9

MO o2 60 L — o¥2 20— |€9'Y NOAQNVHO 90 |S.

MO 08l (G2'L oty NOGNVHO 90 |v.

MO 0.8L 126°0 o'y NOGQNVHO g0 (gl

MO o8 |1 2.2 | 20— o4 (20— [0SV NOGNVHO 80 |2l

p o) 0.8 (29°0 ove 1820 ove 1820 ([LL'Y NOGNVHOD a0 WA

MO oe 189°0— 02 1920~ (|48 NOGQNVHO g0 0L

137INI 84NO I8t NOGQNVHO 90 |69

137IN1 gHNO c8'e NOGNVHD a0 (89

137INI 8HNO 142 NOGQNVHO g0 (/29

o¥2 | 8CC— o (8CC— o | S¢'e— O¥C €20~ [120'Y NOGONVYHO a0 (99

137N 8HNO csS'v NOGNVHD g0 |69

13INI 8HNO c8'e NOGNVHD a0 (v9

137INI 84NO 06'c NOAQNVHO a0 (€9

13INI1gHND £9'¢ NOQNVHO g0 |c9

IG'e NOGNVHO g0 19

© 3dAL 3dAl 3dAL 3dAL "1S ONILOISHALNI

ANV LSYT 40 31lva 5O | 3dAL || /Aze M azs 3 aze s azs N [AT3 INWN lo (V] ‘ON
JHNLONHLS 40 gvH3d || 3did 3did 3did 3did WH 133uls "ON 3SNOH 3dAL |1ONndls
NOILIANOD IVNSIA dodd (@) 3dAL '3Z1S ‘SLHIANI 3dId dis NOWYDOO LONYLS | SHM

£€6—-91—-8 3lvd

M VINLSZeE ‘3114
9L-1'el=1:8M008 @134
00°'geee ‘ON gor

9' L LigiHX3

NV1id H31SVN LNJWIDVNVN HILVMIWHOLS IDVTIIA

HNLONYLS 0V1d3H ANV IAOW3Y =S
S3adid AaV HO/? "LONYLS HIVd3H ‘NVIIO =¥
F144va aaV 'aV1S dOL HO FLVHO ? INVHL Hivd3d =¢
Fd4va B LAVdAAY =2
Fddvaaav =1
‘3dAL NOLVLMNIGVHIY Q3SOdoHd (€)

Adid TVLIN 'HHOD = dNO
313HONOD =9
:3dAl 3did ()

AHOLIN3ANI JHNIONYLS 3IADVNIVHA HSNILSIX3

TIVMAV3H = MH
TIOHNV = HIN
NISVE HOLVYO =89
:3dAL NLONYLS (1)




MO l dNO.8L [ $°0 dNO.8L | 2°0 00 Ha HOgHvH | 092 g0 Ocl
NOLLYOO1 V6 T13M ¥ dwo.s1 €0 dawost ['0 |02¥ Ha HOQHVH | 6.2 a0 |61L1L
90 ANNOYY SSYHO ] dnozt (gL't dwo.eL [ £€°1 £9'c HA YO GHVH | S22 g0 |81l
90 AONNOYY SSYHD ] dNO.0Z | 80 dwo2t [ 11 dwo.8L (€271 06 Ha HOGHVH | 092 g0 (/L1

MO F] 081 [g20- oSt (8L 0.81{89°0 |80V HQ HOGHVH |Sbe a0 |91l

o) ! oSt ¥l y0'y Ha HO8HVH {002 g0 |51t

TIV4LNO0 NOANVHO — MO dwo.sv | 126~ eL¥ HQ HOGHVH [IYNVD OAN3OVH| MH [P LL

O L diNO.8Y | £2°0 dNO.SL | £€8°0 €0’y Ha HOgdvH | 102 a0 el

MO L dwo.sv [86'2— | dno.sy (80— dwo.ev [gL'e— fi29'e HQ HO8QYVH | (311S0dd0) 102 | 82 [2L1

%O ! oSt |29t 29'e HQa HO8HVYH | 191 g0 (LI

NOLVOO18 1VIS dWNd |¥ 051 |60’ 251 [S6°0 ost|eg’lL |8 Ha HOgHVH | /51 g0 (0Ll
W3180Hd INIWILL3S [S o.8v [88'2— 2.8 (822 |20V Ha HO gHVH HOUNHO 80 |60l

%O e oY |~ oY |Gt L — 00'¥ Ha HOgHVH HOHNHO g0 |80l

O L ast{g't [oev HAQ HOQHVH | vl g0 .01
OQ LNVD S°S3Y 1 o8 |g2g— 0.8 |ge2— ov'e HA HOQYVH | (3L1ISOddO) vt | 80 [901

e .51 (980~ [[ve'v HA HO8HVH 80 (SOl
£2'¢ Ha YO gHVH g0 |v0l
SLY HAa HOQHVH |61 1 g0 (€0l

%O L dwo.st [$0°2 vey Ha HOSUHVH| NOAGNVHD g0 |20l

MO F] dwo.st 1oL R Ha HO8HVYH| NOANVHO 80 |10l

PTe) € 2.8y g2 — o.8% [€52— e HQa HOGHVH | 101 a0 (o001

%O o.8% |y~ o8v (22— 0L¢ HQ HOgHVH HOUNHO 80 |66

£s'e HAa HOgHVH a0 |86

051 {820 ev'e HAd HOQHVH g0 |.6

O ot 681 vey HAa HO gHVH g0 |96

%O o.st gL o4z |20 oL'v HAa HOgHVH 80 |[S6
13INIGHND 06'¢ HAa HO gHVH a0 |v6
13INI8HND vs'e HAa HOgHVH a0 (g6

%O X gL'y NOGNVHD 80 (26

%O 291 |£'0 o8e|ge - ot I'L— oLy NOGNVH) g0 |16

©) 3dAL 3dAl 3dAL 3dAl 1S ONILO3SHIUNI
INNMW 1SV 40 31va HO 3dAl 2zs M 3zs 3 3zs S azs N A33 JNWN 10 (1) ‘ON
JHNLONYLS 40 SVHH 3did 3did adid 3did WH 1334H1S 'ON 3SNOH 3IdAl [1ONHIS
NOILIONOD VNSIA dodd (@) 3dAL ‘3718 'SLH3ANI 3dId uis NOLYDO1 LONYLS | SHM

€6-91—8 31vd
EXMM'VINLSeee ‘3114
94-1'et=1:8X%008 134
00°s2ce ‘ON gor

9L LigiHX3

3NIONYLS 30V1daY ANV IAON3H =S

S3did QY HO/® "LONY LS HIVd3Y ‘NVI1O =¥

T44v8 AQV ‘YIS dOLHO LV O ®? IWVH HIVd3d =¢
Fddva ® LAV AAY =2

Jddvaaav=1|

‘3dAL NOUVLAIGYHIY Q3SOdOoHd (€)

3did TV13IN 'JHOO = dWO
3134ONOD =D
:3dAl 3did @)

AHOLNIANI JHNLONYLS IDVNIVHA DNILSIX3
NVid H31SVIN INJWIODVNVIN HILVMINHOLS IADVTIIA

TIVMAVY3H = MH
FIOHNVA = HIN
NISVE HOLVO =80
‘3dAL NLONYLS (1)




NIVHa HON3IH4 ¥ c8'e— SL'e 3TvaN3TIv | 069 80 |[6vl
NIVHa HONIHS ¥ TR 692 3IIVAN3TIV | 589 80 [8rl
NIVHA HONIHS ¥ Sy— 0se Ha AOOM M |92 80 (vl

MO ¥ dOOMSLLHND | s0Z a0 |vovl
¥ 0.8 (290 X3 dooMsLLHNO [ soz 80 |9bl
N4 ¥ 82— eLe HO HOgHVH | se9 g0 |(Sbl
¥ y— 00'¢ YO HO 8HVH | 029 80 (vl
TV4LNO — MO L 0.5L{2°0 00°c YO AIN3 M | 0¥9 g0 |epl
¥ ozl (ee't 021 (€80 [€2€ | NOSIHLVA M |09F a0 |[evl
¥ ozL|281 ot |12} LL'e | NOS3IHILVW M| 3NVIAvE 0 |Ivl
¥ ozl e £0°'E NOSIHLVW M| 3NV AvE a0 |ovl
S dWo.8t [GE'0~ || dwo.8t | S9'0— SL'E YA HOaHVH | ¥ g0 |61
S dwost [ — dwo.st [ g'1— (oc'e HA HOAHVH |SS2 80 [gel
TIV4LNO 1 Mmst|#'0 ov'y HAa HOgHVH MH [Zg1
NOLVYD01 € T1am S meL g0 MOE [2— ol'e HAa HO8HVH |01 a0 |ogl
4 MOE |$'g— dWO.SL | P'2— |I0G'E HQ HOg4dvH | 102 a0 cel
] dwost [e1'L— [awo.st[ee - [[21e HA HOGHYH | INVT HOSHVH | 80 [¢E1
) diwost (g1°L— 18°¢ HQa HOAUVH | (311S0dd0) 089 | 80 [€€l
¥ G6'L— 652 Ha HO gHVH | 08s g0 |[z2gel
NIVHa HON3 Y4 ¥ 62 0- |see HQ HOgYVH | 665 a0 |Iel
o) ¥ dwo.8k |20'0— |HWo.St 820 [see HAQ HOAUVH | JHINPW M a0 (o€l
14ia 40 1n4 G Zv'e Ha HOQHVH a0 |62l

NOLLYDO1Z LV1S dWNd |S 6V e— Ib'e HQ HOGHVH | JHUNOW M g0 (g2l

%O ¥ dwo.et 850 dwo.8l [85°0 [[862 HAa HO aYvH [sze 80 (/21
NOLLYDO1 86 T13M S dWO.SH 211 .82 Ha HO8HVH [sz¢ g0 (921
Tv4LNO S dno.8t |90 L dwo.st [90°1 90'¢ YA HOGHVH | 86¢ a0 (g2l

YO ¥ dawost |20 oy HA HOgGHVH |SiLe a0 |p2t

O 1 dwo.et | 1L0'0- [[68'E Ha HOgYVH | 00E a0 |[ezgl

MO ! dwo.st | 1°0 0S¥ HAa YO advH | se62 a0 |e2l1

o) 1 dWo.81 [G'0 dawo.et (60 [logv YA HOSYVH | 282 g |12l

(5] 3dAl 3dAl 3dAL 3dAL 1S ONILO3SHALNI

INIVA 1SVY1 40 31iva HO AdAL Rzs M aze 3 azs S Aze N A313 JNWN 10 (1) ‘'ON

JHNLONHLS 40 avHI adid 3did 3did 3did WH 13341S ‘ON 3ISNOH 3dAl [1ONHIS
NOILIONOD IVNSIA doyd (@) 3dAL ‘3718 'SLHIAANI 3dId uls NOLLYOO1 LONHLS | SHM

€6—91—-8 ‘3lvd
EXM'VANLSESE (31
91-1'el=1:8M008 0134
00'scce ‘ON 80r

9' | 1igIHX3

HNLONYLS 30V1d3H ANV IAOW3H =S

$3dId aaVY HO/? "1ONYLS HIVdIH ‘NVI10 =+

T44va AAY 'aVIS dOLHO ILVHO ? JNVHL HIvd3H = ¢
Addva B LAVdAAY =2

Tddva aav =1

‘AdAL NOUWVLMIAVHIY Q3s0dodd (€)

3did TVLIW 'HHOD = dINO

3134ONOD =D
:3dAl 3did @)

AHOLN3IANI JHNLONHIS 3IDVNIVHA HSNILSIXT
NVid H31SVIN LINJWIDVNVIA HILVMANHOLS IDVTIIA

TIVMAV3H = MH
TIOHNVN = HW
NISYE HOLWO =890
:3dAL HNLONHLS (1)




€ 08| G8V—¢ O08LPBY—¢ | ééé a4 AOOMNH34 | eSS g0 |61

2 dND S (G2 L WD S {GE°L dND .51 {GE' | s0'e aiNI M TOOHOS a0 8.1

SHO0H 40 T1nd 14 96'¢ dINI M 80 (L)

8 dWO .St |62 L 60t QY 1S3HOAOOM [£99 g0 |9/1

I dWO .SL [ L9°L le'e diNIM 40 |G|

4 dWD .St |22’ L WO .SL | 2L°) cl'e diINI M TJOOHOS 80 (vl

L dND .S | $E°L ¥6'€ | QY IDAILENITO | £59 g0 |el}

€ dWNO .St |gS" L ¢c’€ | QHIAODAIENITD | S09 80 |ell

l dWO St [ $2°1L dWO 2L |#€°L  fve'€ | QH3IOAIENITD JTOOHOS g0 (121

I dND .21 | ¥9°| OS54 VYL ¥t | QHIADAIENITD TOOHOS g0 |04}

8 2842320 0.51|28'0 (ce't | AQHIODAIENITD TO0HOS g0 (691

4 0.84|GE°0 GG'e | QHIADAINITOD | LLS g0 891

& NIVHa — 89 N1 3did & L O St [2G°) r4°R JHUNIPW M JO0HOS 191

4 c9't JHUNIPWN M | 6LL 80 |99}

adno 8 GGg'e JHUNIPN M TOOHOS GOl

anw 40 1nd v gg'e— S9'¢c JHUNION M [ S9L a0 |¥91

} ¥0'e aoom3oaiyd TOOHOS €91

I So't aoom3ovoai TOOHOS ol

ani 30 1nd 14 ob— (1154 aoom3onaid | 0Ls a0 191

ann 10 1nd 14 le'e— 69¢ JHLLNIOWN M | 002 a0 {091l

gdnod I ie'e aoom3asdaiy JO0OHOS 651

c €c— 0c'e HA AIN3 1S3m | 6L 80 (861

adno l ce'e aoom3nalid TOOHOS lS1

€ eL'y— VANA aoom3ngaid | oLe g0 |9C1I

I S0 |[s6'¢C aoom3svaid | 949 80 |SS|

} 0.5 {6V0 051|620 [66°C aoom3Oaid | Hd dINT 1S3Im 80 |$G1

I o2l |90~ 2.8 {¥¥0 0.2L|9Y'0— I¥6'C AOoOM3OAIY | HA QIN3 1SIM a0 (€G]

1HIQ 40 1IN4d = NvHA Y4 |+ ¥8'e— |9L'E G4 NOLdWVH | 169 a0 2SSl

NIVYHa HON3H4d 14 9'c— |[0b'E INV1 NJHHYM | 169 a0 ISt

NIVHQ HON3Hd € gG'e— ||Sb'e 3NV NIHHYM | 069 g0 [0St

() 3dAL 3dAL 3dAL 3dAL *1S ONILOISHIINI

INIVN LSV140 A1va HO | 3dAL || Bz M azs 3 azs s Rz N A313 JAWN 10 () "ON
JYNLONHLS 40 avHd || 3did 3did 3did 3did Wy 13341s ‘ON 3SNOH 3dAL |LONYLS

NOILIONOD TVNSIA dodd (@) 3dAL ‘3Z1S 'SLHIANI 3dId dis NOLVOO1 LONYLS [ SHM

£6-91—-8 :3iva
EAMVINLSeee (3114
9L-1'eL=1:8M008 a13ld
00'scce ‘ON gor

9’ L 1I91HX3

SHNLONYLS 30V1d3H ANV JAON3Y =S
S3did AV HO/® "LONYLS HIVd3H ‘NVI10 =+
TN44va AaV‘aVIS dOLHO ILVHO ? INVHL HIVd3d = ¢
Jd4va ? LAVd AaY =2
TNddvaaav =1
‘3dAL NOULVLNIAVH3H Q350dOHd (€)

3did V13N 'HHOD = dND
3134ONOD =9
:3dAl 3dld (@)

AHOLNTANI 3HNLONHLS IHDVNIVHA HDNILSIXT

NVid H31SVIN LNIWIODVNVIN HILVMIWHOLS IODVTIIA

TIVMAVIH = MH
FIOHNVYIN = HN
NISVY8B HOLVYO =80
:3dAL HNLONHLS (1)




N0 L N7 H3HLV3H | S9€ 40 | v.10¢S

N1 a3nd S 09'¢ N7 H3H1v3H 80 [Z0¢

Tnd S LS'€ | HO Y3IHLVIH M |0.€ g0 (90¢

v 0.5L|€60 0.511€6'0 [€6'C | HA HIHLYIH M |S8E 80 |[S0¢

£6/€ | ¥ 0.8 | LV I— €8'Cc | HU HIHLVIH M | s8¢ 80 |¥0c

€6/e | v 0.8t 25— 8.°'C | YA HIHLVIH M |00€ 80 (€0¢

NIVHQ HON3 Y4 L4 00'¢ | HAQ H3HLVIH M| IOV HWN 202

L4 0.5188'L— ¢l'¢ | AQYIIVANTITIV | IOV 80 {10¢

£6/€ | ¥ 0.5t |6¥'C— lc'e Ha Y3H1V3H | 00€ g0 (002

Nia3Td S v9'c N7 JOOM@3Y | o0€ 80 (661

4 0.5 19} 0L'€ [ONV1AOOMQA3H | 19¢ g0 |86l

b O] 8 2.8 V'L 0.8H V'L 0ce N7JOOM@a3d | ove 80 1.6}

0 L o.8H|C'L 0c't | N7TQOOMWIVd INVOVA g0 {961

MO v 0.51|80 0.8 |20 2.8L|90- 00'v HA E3HLV3H | L.E g0 661

p®) 4 o.51|S2'} o812} 0.8 1¥0— [I0L'E | N1 AQOOMWIVd | 09¢€ g0 (¥61

b [¢) 2 0.5 (et 081122t [IZL'E | NTAQOOMA3IUM |sie g0 |€61

A0 L 0.1 1e0°} 0.£11€2°L [16L'E | NTAQOOMWIVd| @OOMO3IHM g0 |26l

NI @3771d — NivHa "4 €6/¢ | S 16'¢c | N7TAQOOMWIVd |ove 80 (161

NIvHQ HON3Hd €6/ (¢ cv— 0€'t [ N1 AOOMWIV | LSE 90 061

€6/€ (1 0.8 |L¥0— €P'€ | N1 AOOMWIV | IvE g0 (681

€6/€ | | 0.81|190- 6€'c [ N1 AQOOMWIVd |0vE g0 881

£6/¢ | v dWD .S | 2G| — €.'¢ | N1TAQOOMWIVd | 00€ g0 /81

€6/€ | L dWO .81 (96'C— [[#L'E | NTAOOMWIV | LOE g0 (981

NIvHQ HON3 Hd L4 Sev— Sl'c 1S JHALNPW | 0ce 80 g8l

NIVHA HON3H4 €6/¢ (¢ 9Cv— [[¥2°C | NV NOLJNVH | €45 g0 |¥81

NivHQ HON3 44 v vO'v— |96'C 3NV NIHHVYM | €LS g0 |e8l

NIVHG HON3 H4 L4 vev— 9.'c JHALNPW | 092 80 |[¢8l
Q3H3IA0D ATIVIOL S QIN3 1S3M | 66¢C Vi8li

NIvHQ HON3 Hd L4 6'e— |Ol'€ JIVANTITV | €26 g0 |[181

4 08LD9V—¢ (1 ééé | QH QOOMNYH3L | 045 g0 081

(€) 3dAL 3dAlL 3dAlL 3dAL 1S ONILO3SHALNI

INIVIN 1SV 40 31va HOo 3dAL || Azs M Bz 3 Bzs S [zs N A3 3NW io () ‘ON
IJHNLONHLS 40 gVHY || 3did 3did 3did 3did WH 133H1S ‘ON 3SNOH 3dAl [1ONHls

NOILIGNOD TVNSIA dOld () 3dAL '3Z1S 'SLHIANI AdId Hlis NOLLYOO1 LONULS | SHM

FHNLONHLS 30V1d3aH ANV IAON3YH =§
S3did QY HO/? "LONYLS HIVdIH ‘Nva10 =¥
€6—-91—8 31va T44va AAV '9VIS dOLHO I1WHO 2 JNVHI HIVdIH = € TIVMAVYIH = MH

M VINWLSSee ‘311
91-1'el=1:9)008 Q1314
00'Scce ‘ON gor

9° 1 LigiHX3

Jiddva ? LAVdAAVY =2
Jiddva aav =1
‘3dAL NOLVLNIAVHIH J3SOdOHd (€)

3did TVL3N ‘HHOO = dWO
313HONOD =D
‘3dAL 3did (@)

AHOLNIANI IHNLONYLS IDVNIVHA ONILSIX3

NV1d H31SVIN LNJWIOVNVN HILVMWHOLS IDVTIIA

J1IOHNVN = HKN
NISYE HOLYO =480
:3dAL FHNLONHLS (1)




€ o2 (89°L 80t NTNOLJWVYH | 082 g0 |S€2

I o081 (LL0- 1 XA 4 N1 NOLdNVH | 9t¢S 90 |¥Ec

8 08L120- oe'e N1 NOLdWVH | SS¢S g0 |[€€e¢g

14 0.8 |¥0'0 0’ N7 NOLdJWVH | SS¢ 890 [¢2e¢

14 0.51(2H0 cey aoom3onald | see a0 lee

14 D.5L1LLO- €0’V N7 NOLJWVH | SEe 90 (0gc

€6/c |1 0.SH{¢9'e ¢cc'y | AQOOMNOLLNG|6SC 890 |6¢¢

€6/ iV 0.5l [2¥'C ORLILL'S L'y | GOOMNOLLNG | 0SS 90 |8¢cc

€6/c || 2.2 |¥6'L |y’ | GQOOMNOLLNG| LOC 890 /¢2¢

€6/€ | ¥ 0.1 |68} SOy | AQOOMNOLLNG|SZI 80 |92¢

€ o2 (98} 96'€ | QOOMNOLLNG |06} g0 |S¢¢

14 0.1 |GL°L {168’ | QOOMNOLLNG|SLL 890 |ve2

8 9.51|28'¢ 0.80126°L (eb'y | AOOMNOLLNG |00 g0 |€cc

l 0.5L128¢C |[leP HQ SS3HJAD | 0€C 890 |cdéd

! 0.8 1290 0.51|290 051212 L'y | GOOMNOLLNG|S8eC a0 lce

I 0.81100— o2.8L[ L0~ 6Lv HA SS3HJAD |SLE 90 |0Z¢

l 0.8L (90— 0.81]195°0—- (|¥6'€ HA SS3HdAD | 0L¢ 90 |61e

8 0.8l {G650— 0.8L|GE0— [G6'C Ha SS3HdAD |0lE 90 |8l¢

€ 5.8 |68°0— 0.51|6€0— I6'¢ Ha SS3HJAD | see 90 |/lI¢

14 oktie'L 00t 1D HOgQHVH | S9¢ 0 {912

4 oRL(SL 0lL'e 1D HOgHVvH | SS¢ 90 |Sl¢

NIVHQ HON3Hd 14 v6'e— |[9¢'E 10 HOgHvH | 00€ 90 |vIc
NIVHa HON3 U4 S I8'e— |69'C 1D HOgHVH | 08¢ a0 igle
MO €6/e |1 HA AOOMN33HO | LOE 90 |vele

€6/e | ¥ 0.81{90 0L’y |HAQ AOOMN33YD | sve 90 |clc

€6/e |1 O0.8LI1YY'0 {¥I'vy |HO AOOMNIIHD | SE€ 0 Lie

NIVHO HON3Yd €6/e (v ge— 00’V 1D HOgHVH | sbe g0 (0le
NIvHQ HON3HJ 14 8ce— {120V 10 HOgGHVH | ove 90 |60c¢
MO v N7 E3HLv3H | 06 90 |(veoe

I 0.5l (2GS0 0.8t (et} cL'e N1 H3HLv3H | 06€ 90 |(80¢

€ 3dAl AdAL AdAL adAL "1S ONILO3SHIALNI

INIVIN LSV 40 31va HO | 3dAL || /azss M aze 3 azs s azs N A3 ANWN 1o ) "ON
JYNLONYHLS 40 a3 || 3dd adid adid adid WH 133418 "ON 3SNOH 3dAL Uondis
NOILIONOD IVNSIA dodd (@) 3dAL '3ZI1S ‘SLUAANI 3dId dis [\[o]IA ZoToN| LONYLS | SHM

€6—91-8 3lvd

XM VINLSZeE ‘31
91-71'el=1:8M008 a3

00'scce ‘ON gor

9’1 1IgIHX3

FNLONHLS 30V1d3d ANV 3AON3H =

S3did Qv HO/? "LONYLS HIVd3H ‘NVINO =¥

T144vE AQV ‘YIS dOL HO LW O ® SWWHL HIVd3d = ¢
Fd4va B LAVdAQY =2

Nddvaaav=1

‘3dAL NOWLVLNIEVHIH Q3SOdodd (€)

3did TV1IN 'HHOO = dWO

313HONOD =9
:3dAL 3did (@)

AHOLNIAN!I JHNLONHILS 3IDVNIVHA SNLLSIX3
NVid H31SVN LNJWIOVNVIN HILVMINHOLS IDVTIIA

TIVMAVIH = MH
FIOHNVA = HW
NISV8 HOLVYO =90
:3dAL NLONYLS (1)




NIVHQ HON3Hd 14 c6't— 88c aOOM3OAIH | 00t 90 |.¥¢C

NIVHAQ HON3YHd 14 Yi'v— 98'c aoom3aonaqid| Loy 80 |92
H31VYM % AN 40 11Nd 14 aoom3odaiy | ose 80 VSye

NVHQ HON3YHd ¢€6/¢ |+ SL'e— lSl'¢C QOOM3HOAIH | s8¢ 80 |(G¥¢

¥ 0.2 |28t c6'E HIHLIVIH M | LO2 90 |[v¥c

¥ 02L|2') 0s'e N1 NOLJWVH | S8E 90 |€vC

14 o2l (881 80’y N7 NOLdWVH | 6S€ a0 (Z2¥e

I o22]10C (F A 4 N7 NOLJAVH | L0Z 90 | \¥e

H31LVM ® QNN 40 11Nd 14 16'€ | HQ AOOMNVYHO | 00T g0 |0oV¢e

H3alvm ? AN 30 11Nd 14 19°¢ | HQ AOOMNVYHD | L0 g0 |6€c

14 0.1 19°0 00’y N1 NOLJAVH | Sce 90 |8EC

8 0.51(G6°0 So'v NTNOLJWVH | s8¢ 890 |/g€¢

8 0.21|G6°'L Sv'y N7 NOLdWVH |SZ2 g0 |9¢€¢

) 3dAL 3dAL 3dAL 3dAL "1S ONILOZISHAINI

INIVIN 1SV 40 31VYQ HO | 3dAL || /Aze M azs 3 Az s A[zs N ATI3 ANWN 1o () "ON
JHNLONHLS 40 avH3d || 3dd adid adid 3did WNH 133d1s "ON 3SNOH 3dAL |LONYLS

NOILIONOD IVANSIA dodd (@) 3dAL ‘3718 ‘SLHAANI 3dId "ls NOLLYO01 HONHLS | SHM

€6-91—8 :3Llva
EMM'VINLSEeE 3114
91-1'el-1:8X008 @314
00°6¢ce ‘ON gor

9’| 11I91HX3

HNLONYLS 30V1d3d ANV IAOW3Y =§
S3did Qv 4O/ "LONYLS HIVdaY ‘Nva10 = b
T144v8 AQVY ‘GV1S dOLHO 3LVvHO ? JIWVHL "ivdad =¢
T44va ? LAVdAAY =2
Fddvaaav =1t
‘AdAL NOUVLMIAVHIY d3S0dodd (€)

3did VL3N 'HHO0D = dND

313HONOD =D
:3dAL 3did @)

AHOLNIANI 3HNLONYLS IDVNIVHA HNILSIX3
NVid H31SVN LNIJWIOVNVIN HILVMWNHOLS IODVTIIA

TIVMAY3H = MH
TIOHNVYWN = HWN
NISVd HOLYO =80
‘3dAL NLONYLS (1)




1.4.2 Exfiltration Systems

Auger Wells - One primary component of the Village's exfiltration (seepage) system
are 15" auger wells installed in gravel lined holes, 10 feet deep. These wells consist
of a catch basin with a perforated corrugated aluminum pipe in the bottom. These
wells are installed in many locations along the public rights-of-way in the Village.
Exhibit 1.7 shows a typical cross section of one of these wells.

Once in an auger well, the water seeps through the holes in the pipe, filters through
the gravel around the pipe (to help remove pollutants) and infiltrates into the soil
around the well. Unfortunately, the soils in the Village at 10 feet of depth are very
silty and thus the water infiltrates very slowly.

In addition, these wells are not connected by underground piping to any other parts
of the drainage system. This minimizes the long term effectiveness of these wells
because the water standing in the wells has no outlet, other than very slow
exfiltration, so additional water in the area needing to be drained must either be
accommodated by the positive drainage system or it puddles on the land.

French Drains - Recently some french drains have been installed in the Village. A
french drain is a perforated pipe laid in a trench 10 to 15 feet deep and is
surrounded by gravel and a filter material (see Exhibit 1.8). These drains function
much like the auger wells with the primary difference being they are laid horizontally
rather than vertically and have a greater surface area to facilitate exfiltration.

These exfiltration trenches or french drains provide some water storage in minor
storm events but will be less productive during heavy and prolonged rainfalls. This
is again due to the low permeability of the Village's soils at such shallow depths.

Swales - Typically, swales (a shallow roadside ditch, often "V" shaped and sloped to
convey stormwater to a drainage facility) along the public rights-of-way serve four
functions. They provide storage for stormwater running off the streets and residential
lots, they allow for some exfiltration of water into the soil, they convey water to a
drainage facility and they reduce the levels of some pollutants. Exhibit 1.9 shows a
typical cross-section for a drainage swale.

As water flows over landscaped areas to the swales, it picks up fertilizers which settle
out and accumulate in the swale. This makes the vegetation in the swales grow faster
and thicker than in other areas and eventually the swale fills in which reduces the
capacity for water storage and eliminates the slope meant to transport the water to
the associated drainage facility. Swale maintenance, therefore, is very important for
a drainage system that relies on these facilities.

Village Stormwater Management Master Plan 22



/CATCH BASIN

T 11

Wf

15" PERFORATED
ALUMINUM
PIPE

10

N

[#]

I EREC AN B W AL]
#]

0
)

1]
#]
‘)

o [~

g]

]
)

O O O 0 O
[#} )

[#]

(]

0

[#]
7]

]

)

()
a2

[#)

)

)

0

)

k4
o o

)

0020100 562 2% 00502 O
* .

0% Ff 0’08
00, *
o

CJ

S, g
0o P00

-

WATER TABLE

00,
oDe"s
pood
o?g°.
Po <
o)
2
(- |

[P

J
0
£

#]
7]

VARIES

:AUGER HOLE MIN. 20" DIA.

CROSS SECTION

%WILLIAMS, HATFIELD & STONER, INC.

NO REPRODUCTION WITHOUT PERMISSION

q\CRUSHED ROCK (3/4” DIA.)

TYPICAL
AUGER WELL
EXHIBIT 1.7




R o ( o
COMPACTED 5
- FILL 5 g
% L1 COMPACTED FILL FINE GRADED ~—_| &
<
FILL NVd - TRENCH UINER PEAROCK 2 e
31 ] SEE NOTE NO'5 _Sl % |z
b N © E =
/:/ /i e ] EIEIERA T 2 lo
4/ > ST «\-v\-""\/ o) A (RN s !
2 2P A o
| RN 07Y4 DIVIVS. ¥a 9 . &; N |
f Y W P ] 4}
[_ ........... — VoEMN. e L IR o i @ L
& . s & <€
o o g W,
- v 1'-0" N — / . !
/DT MIN. l /Z 4-0 (E =9 Oo%
AR) — 5 ~ CLOSED PIPE
. B o 9%: 3/4"WASHED ROCK 30"
j - o ® - b, — e & e.
X OW By 5 ° O90D[ i /
(o]
1'~-4"
3-No4 BARS
SECTION END VIEW OF TRENCH
1 DRAIN FIELD MAY BE OF SLOTTED CONCRETE PIPE OR PERFORATED METAL PIPE.
2. PIPES SHALL TERMINATE 2 FEET FROM END OF TRENCH OR CONNECT TO ADDITIONAL CATCH BASINS AS REOUIRED.
3. COVER PIPE ENDS WITH NO.10 GALVANIZED OR ALUMINUM SCREEN. OPENING SHALL BE NO LARGER THAN 1/2" x 1/2".
4. BALLAST ROCK SHALL BE FROM FRESH WATER WASHED FREE OF DELETERIOUS MATTER.
5. SIDES AND TOP OF TRENCH SHALL BE LINED WITH A PLASTIC BLANKET (GEOTEXTILE FABRIC) AND SAHLL COMPLY
WITH F.D.0.T. "STANDARD SPECIFICATIONS FOR ROAD AND BRIDGE CONSTRUCTION" AND SECTION 985, 1986 EDITION
TYPICAL
%WILLIAMS. HATFIELD & STONER, INC. FRENCH DRAIN

NO REPRODUCTION WITHOUT PERMISSION
EXHIBIT 1.8




15’

| =
) o
-
» >
S »
2 f
=} 149]
= s »
o 8 o
= &
2 O
W
Ll
-l
5 g
1 | 2
) = v
2
3
s o
io a
5>
/ [
1
> JWwoz o
S 522 Ez
| ZYm nu
L % < < 5 o
Q x=z X AR
1 one ul
= z o
5 o
i
DATE: DRAWN: CHECKED:
8/4/93 TMAF LMB DATE: REVISION BY

WILLIAMS, HATFIELD & STONER. INC.

CONSULTING ENGINEERS » PLANNERS »
SURVEYORS

VILLAGE OF KEY BISCAYNE
STORMWATER MASTER PLAN

DRAINAGE DETAILS

PROJECT No:
3225.00

EXHIBIT: 1.9

PAGE:

FILE NAME: SWALE.DWG




Swale maintenance, if not done on a regular schedule, can be difficult. In the
Village, for example, most of the residential streets have been constructed with 20
feet of asphalt within a 50 foot right-of-way leaving 15 feet on either side of the
street for swales. Many of these swale areas have been heavily landscaped and/or
bermed. These conditions result in areas where replacement of the swales is
impossible without severely impacting the neighborhood. In some areas, swale
replacement or installation of new drainage pipes would disturb decorative concrete
driveways, destroy established trees, and cause an undue hardship on residents.
These factors have been considered in the evaluation of alternatives that include the
use of swales or new roadside drainage pipes.

The swale study prepared by CAP Engineering Consultants, Inc. in April 1993 was
reviewed and incorporated into the various drainage alternatives.

1.4.3 The Crandon Boulevard System

The Crandon Boulevard system contains approximately 1.5 miles of 24 to 48 inch
drainage pipe and two 48 inch outfalls. The system was constructed in 1968-69 when
Crandon Boulevard was widened to four lanes.

The system extends west along a segment of Harbor Drive. Ocean Drive, east of
Crandon Boulevard, was added to the system by Dade County later. The roadways
surrounding Key Biscayne Elementary School are also tied into Crandon Boulevard.

The drainage system was constructed by the Florida Department of Transportation
(FDOT) and was turned over to Dade County for operation and maintenance. Since
the area currently served by the Crandon Boulevard drainage system is maintained
by Dade County it was excluded from the study area.
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2.0

2.1

Chapter 2
Needs Analysis

Introduction

The stormwater management system in the Village was built on a piecemeal basis
primarily in response to localized flooding problems. These “fixes” have provided
localized improvement of conditions in the areas targeted, but they have not
improved conditions in the rest of the community.

This study is the first to analyze the entire study area and determine the deficiencies
in the drainage system as a whole.

Existing System

The existing system was analyzed through field observation, analysis of survey data,
base mapping and drainage basin evaluation. The results of these analyses are
described below.

2.1.1 Field Observation

The project engineers field inspected the drainage facilities in the study area to
access their current condition. It was noted that most of the catch basins were filled
with water. This is because the water table elevations are very high.

Many of the catch basins could benefit from various maintenance activities including
cleaning, repairs to the grates or top slabs, correction of settlement problems, and
in some cases, replacement. The Village currently has a maintenance contractor that
provides routine maintenance of catch basins on an as needed basis. Regular
maintenance activities currently being practiced should continue.  Specific
maintenance activities are recommended for each catch basin in Chapter 3.

Standing water in the streets was observed in several locations in low lying areas
where the catch basins were full and/or drainage facilities were completely lacking.

Based on discussions with Village personnel and local residents, areas particularly
known for localized flooding were identified. These include areas such as North and
South Mashta Drive, the Allendale Road area and others. New exfiltration facilities
are currently being installed along West Enid Drive to mitigate the flooding in that
area.

The few areas that do drain reasonably well are those with street elevations above
5 feet msl (Cape Florida Drive for example).
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2.1.2 The Village Base Map

A detailed base map of the Village was developed as part of this analytical effort to
record the information being collected on the existing stormwater management
system. A general street map developed from the base map information is provided
for discussion purposes in Exhibit 2.1.

The base map was computer generated (using AutoCAD software) and developed
through the use of a grid system to locate recorded plat boundaries using coordinate
geometry when available. Lot lines and other plat details were digitized when
geometric information was not available.

The resulting base map is relatively accurate but is limited to use for conceptual
planning purposes only. It is not intended for use as a final design or survey base
map.

2.1.3 Survey Data

As previously noted, survey data was collected in the field and was recorded on the
base map for use in evaluating the existing system and future drainage needs. (The
survey data for each catch basin is summarized on Exhibit 1.6 which was presented
in Chapter 1 and is shown on the Stormwater Master Plan in Appendix A.)

Street elevations were taken every 100 feet along the centerline of the roads in the
study area. These were mapped, along with the drainage structure information, and
provided the basis for determining drainage basins that were used for further analysis
of existing conditions and future needs.

2.1.4 Drainage Basins

With the survey data recorded on the base map, drainage basins based primarily on
topographic characteristics could be developed and analyzed.

The Village was divided into 9 drainage basins, 8 of which are within the study area.
The proposed drainage basins are shown on Exhibit 2.2.

The pervious/impervious percentages were calculated for each drainage basin.
Pervious area is not paved and provides an opportunity for some exfiltration.
Impervious area is paved or otherwise modified from its natural condition in a
manner that precludes exfiltration. This percentage, therefore, is very important
when calculating the amount of water that must be retained (the first inch of runoff)
to address water quality issues and otherwise handled by the drainage system during
the design storm (the S-year storm).
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The characteristics of the study area’s drainage basins including their area (based on
road right-of-way plus 15 feet on either side), percent impervious, and average
storage volume of swales (assuming restoration in some areas), are summarized on
Exhibit 2.3.

2.1.5 Existing System Deficiencies

Typically, rainfall events are correlated to incidents of flooding to determine the
capacity, or level of service, provided by the existing drainage system. Since this data
is not available for Key Biscayne specifically, engineering judgement, in conjunction
with the data collected from the various activities described above, was applied to
evaluate the existing system. It was concluded that the current drainage system is
inadequate in regard to both water quantity (generated by the 5-year design storm)
and water quality (retention and pretreatment of the first inch of runoff) goals.

The existing systems do provide for some retention and pretreatment in the seepage
facilities (swales, french drains and auger wells). Due to the extremely slow soil
percolation rates, however, this retention is minimal. Settlement of the water in the
sump of the catch basins also provides some pretreatment of water entering these
structures but, due to the low head in the system, the movement of water through
these facilities is very slow and thus the amount of water pretreated is minimal.

In analyzing the volume of water that additional facilities would need to handle to
make the proposed system function adequately, it was assumed that improvements
would be made to the existing facilities to maximize their capacities.

Future System Needs
The volumes of water that would have to be collected, retained, pretreated and
served by the drainage system in the future were calculated using the Rational

Method. Detailed drainage calculations for each basin are provided in Appendix E.

The existing swale storage volumes for each basin, as well as the other basin
characteristics previously described on Exhibit 2.3 were factored into the analysis.

The evaluation of alternatives to meet drainage needs within each basin are
presented in Chapter 3.
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DRAINAGE BASIN CHARACTERISTICS EXHIBIT2.3

Worksheet 1
PAGE 1 OF 2
STORMWATER MASTER PLAN
VILLAGE OF KEY BISCAYNE WHS NO: 3225.00
FILE: DRCALC1.WK3
BY: LMB
DATE: 8-23-93
REV.
LENGTH LENGTH
LF LF LF SF
3100 80 5450 | 1.875 |
1900 80 3750 | 1.875|
700 100 900| 2875
3050 80 6100 | 1.875
950| 100 1450 | 2.875
3000 130 5900 4
5700 80 11400 | 1.875
1750 100 2600 | 4.75
3050 80 5600 | 1.875
2400 80 4750 | 1.875
10300 80 20600 | 1.875
1350| 130 2400|  4.75|
13000 80 26200 | 1.875}
7700 80 15200 | 1.875]
1700 130 3300 |

NOTE: THIS TABLE REPRESENTS AN ESTIMATE OF AREAS AND VOLUMES ONLY.
RECALCULATIONS ARE REQUIRED DURING FINAL DESIGN.



SWALE STORAGE CALCULATIONS
151 20 (15
15’
20 R/W i
\\M DEPTH = 3" (0.25')
T
STORAGE AREA = (0.25' » 158") / 2 = 1.875 SF,
23 l24 |1o| 24| 23 - 23 -
e \N/
32 | 36 | 32
-l
100" R/W
STORAGE AREA = (0.25' » 23) / 2 = 2.875 SF.
32 66 32
I ALl l I' 32 i
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Chapter 3
Alternative Evaluation

Design Alternatives

To address the future stormwater management needs in the study area, five design
alternatives were considered. Several could be eliminated as possibilities without a
detailed analysis. The reason for their elimination is explained briefly.

Both of the alternatives considered feasible include the use of drainage wells. The
primary difference in the two alternatives is that one includes the use of pump
stations and fewer wells while the other eliminates the pump stations and instead
calls for additional wells. These alternatives were analyzed in detail and the
preferred alternative was identified.

It should be noted that improvements to maximize the effectiveness of the existing
system, including swale restoration and various types of catch basin maintenance,
must also be accomplished in addition to the provision of new facilities. The
recommended improvements to the existing system are described in section 3.2.

3.1.1 On-Site Retention or Detention

Stormwater retention or detention, in lakes or ponds, is one method commonly used
for stormwater management. This method is not viable for Key Biscayne. The low
elevation of the land in relation to the water table would result in only one foot(+/-)
of storage capacity for any proposed water storage area. This shallow depth means
that a very large land area would be required to retain or detain the amount of water
that must be removed from the study area in the design storm event. This makes
water retention or detention methods impractical because developed lots would have
to be demolished and cleared to create retention/detention basins of sufficient size,
even if this alternative was implemented in conjunction with other methods. The _
cost for this alternative, therefore, is prohibitive and it was, therefore, not seriously *
considered for use in any of the drainage basins in the study area.

3.1.2 Exfiltration Systems

Exfiltration systems that utilize a trench, such as french drains, are another method
commonly examined for stormwater management purposes. The Dade County Public
Works Manual recommends seepage systems as preferable to other types of systems
in areas where they can be used.

The high silt content of the study area’s soils up to 25 feet in depth and the resulting
slow exfiltration rates reduces the effectiveness of this type of system except for use
as temporary water storage. If an exfiltration system was to be used, the water would
have to be distributed over a very large land area to compensate for the slow
percolation rate. Due to the high water table, the soil would become saturated
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quickly which means these facilities would only work well for short duration storms.
In addition, both sides of the streets would have to be excavated and french drains
installed over the entire study area. This would not only be very disruptive to the
neighborhoods and residents, it would also be so expensive to be cost prohibitive,
even if used in conjuction with other methods. The exfiltration alternative that relies
on trenchs or shallow wells (less than 25 feet deep) was not considered in further
detail.

3.1.3 Positive Drainage Systems with Direct Outfall

Positive drainage refers to stormwater management systems that are basically made
up of catch basins and drainage pipes connected to outfalls in the ocean. The most
effective portions of the Village's existing system in regard to drainage (water
quantity) are these types of facilities.

This type of system, without retention or detention facilities and the pretreatment of
the first inch of runoff, is not permitted any longer by current regulations because of
the recent studies on the negative water quality impacts of untreated stormwater
entering the bay or ocean waters. This stormwater master plan provides alternatives
to improve the quality of stormwater discharged from the existing system.

3.14  Positive Drainage with Pump Stations, Injection or Gravity Wells, and
Emergency Outfalls

Basins 3, 6, 7, and 8 are very low in elevation and thus have very little head to force
water to drain. There are basically two ways to address drainage in these areas using
drainage wells. A series of wells can be clustered in an area and connected so when
one fills up, the overflow will enter the next and so forth. The other option includes
the use of pump stations as a means to reduce the number of wells necessary to
manage design storm runoff volumes within these basins.

One type of pump station would collect the runoff in a wet well at the low elevation
and then pump or lift the water to a storage tank of higher elevation. The water
would then flow by gravity into the drainage well for disposal. A cross-section of this
type of pump station and gravity will is provided on Exhibit 3.1. Because of the
relatively large differential in elevation of the water (greater head) with this system,
the flow into the well is greater than it would be under natural conditions.

The advantage of this system is that areas of very low elevation near sea level may
be drained into a well. This provides a relatively dry drainage system.

The disadvantage is the high cost of the pumps and the large above ground structures
which are often 7 to 10 feet high. These pumps and structures would require
landscaping, maintenance, constant electricity and a suitable location either in a
roadway median or swale area. There is also yearly maintenance which tends to
increase with the age of the pumps. Constant maintenance is required on a weekly
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or monthly schedule. Trained staff would be necessary to perform these maintenance
activities or a maintenance contract with a qualified lift station maintenance company
would have to be established and administered.

Another type of pump station would collect the runoff in a wet well and then “inject”
or force the water into the well with pressure. A cross-section of a this type of
system with a typical pump station and injection well is shown on Exhibit 3.2. The
advantage of this type of system is the same for the above pumps with gravity wells.
An additional advantage is that these systems are constructed completely
underground. Only a concrete slab and control panel is visible to the observer.

The disadvantage of injection wells is the high cost of the larger pumps required and
the large underground concrete structures. This type of pump station with injection
wells is currently being constructed in Surfside by FDOT at a cost of $600,000 per
pump station, not including the cost of the well. Analysis of the Key Biscayne basins
resulted in an estimated need for smaller pumps and pump stations which would cost
approximately $200,000 each.

This alternative was analyzed in detail because it would have the capacity to handle
pretreatment of the first inch of runoff generated by the design storm, would reduce
the incidence of flooding, and would improve the quality of stormwater discharged.

The use of pump stations was eliminated from consideration due to their high cost
(see cost estimate in Appendix F) and the long term maintenance required to keep
these stations operational.

3.15 Positive Drainage System with Drainage Wells and Emergency Outfall

This alternative was analyzed in detail because it too would have the capacity to
handle pretreatment of the first inch of runoff generated by the design storm, would
reduce the incidence of flooding, and would improve the quality of stormwater
discharged.

This type of system uses a series of drainage wells to retain or capture the first inch
of runoff. A pollution control structure (grease and oil separator) is used in
conjunction with the wells to provide additional pretreatment and to facilitate
maintenance activities.

This system is similar to the pump stations described above, but the gravity from the
elevation or head of the water is the only force used to push water into the well. A
cross-section of a drainage well is provided as Exhibit 3.3.
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It is common practice in this area of Dade County to use 24 inch wells approximately
100 feet deep. With two feet of head, this well will provide a flow capacity of
approximately 2,500 gallons per minute (gpm). A conservative value of 1,500 gpm
was used in this analysis to estimate the number of wells required to accommodate
the first inch of runoff in the various basins,

It was assumed that the elevation differential or head will be increased in each basin
as drainage and roadway rehabilitation is completed in a manner that raises the
lower inlets. This will increase the flow potential of the wells and provide a greater
amount of retention in the future (see section 4.4.2. for related recommendations).

This alternative appears to be the most cost effective approach to handling the
stormwater management needs in the study area. A detailed analysis of the cost
estimates for this alternative is presented in section 3.3

32  Recommended Improvements to the Existing System

The maintenance, rehabilitation and improvements recommended for the existing
system include the following:

Swale Restoration - swales should be regraded and sodded during restoration after
the recommended drainage facilities have been installed in each basin. This will
increase storage capacity and improve the quality of stormwater runoff by providing
additional treatment thus minimizing maintenance problems with the wells and
pollution control structures. The determination of which side of the street will be
affected by the installation of new drainage facilities and eventual swale restoration
should be made on a street by street basis with the objective being to minimize

disruption. -

Catch Basin Rehabilitation - there are 5 types of catch basin rehabilitation
recommended based on the existing condition of the catch basin (see existing system
inventory in Exhibit 1.6 for recommended rehabilitation type for each basin).

° Type 1 rehabilitation: add baffle to existing catch basins when large enough
to accommodate these required pollution control devises (grease and oil
separators). Exhibit 3.4 shows a cross-section of this type of catch basin

rehabilitation.
° Type 2 rehabilitation: add pavement around catch basin and baffle, see
Exhibit 3.5.
° Type 3 rehabilitation: repair frame and top grate or top slab and add baffle.
° Type 4 rehabilitation: clean, repair structure and/or add pipes to connect

structure more efficiently to other components of the drainage system.

Village Stormwater Management Master Plan 40



EXISTING FRAME
AND GRATE

= =
— =| I.__ —_
- ": g _L—j r‘l TLE T4
|| | -]
|| -}
el "'J_S" MIN.
| _l INSTALL —___| E—:}_—‘—\
| GREASE /OIL | csrne !
| -4 BAFFLE TO | TO
EXISTING INLET ——= DRAINAGE
|| CATCH BASIN. | PIPE O SYSTEM
| | SEE DADE COUNTY I
P DERM DETAIL g V4
: } : ‘ |18;£MN.
y -
| T |
ls b
| 24 MIN. [
.| ' E
“l_—q——"—‘—_'_"_d ‘T-—}I
S S A
CATCH BASIN REHABILITATION
TYPE 1 - BAFFLE
N.TS
DATE: DRAWN: CHECKED:
8/4/93 TMAF LMB DATE: - REVISION BY
WILLIAMS, HATFIELD & STONER. INC. VILLAGE OF KEY BISCAYNE PROJECT No:
CONSULTING ENGINEERS » PLANNERS » STORM WATER MASTER PLAN 322500
SURVEYORS EXHIBIT: 34
DRAINAGE DETAILS PAGE.

FILE NAME: CB—TY1.DWG




A

|

-EXI STING CATCH BASIN

————~CONSTRUCT INLET

PAVEMENT AT
CATCH BASIN
——S0D
PLAN
N.T.S.
1 TYPE S—1

ASPHALTIC CONC.

PLACE SOD 1" BELOW
ASPHALT LEVEL

— _

/
r 1
| EXISTING | )

CATCH 6" LIMEROCK BASE
| BASIN : (98% DENSITY)
L——

SECTION _A—A

CATCH BASIN REHABILITATION
TYPE 2 - PAVEMENT

DRAWN: CHECKED:

DATE: REVISION

BY

DATE:
8/4/93 TMAF LMB

WILLIAMS, HATFIELD & STONER. INC.

CONSULTING ENGINEERS » PLANNERS =
SURVEYORS

VILLAGE OF KEY BISCAYNE
STORMWATER MASTER PLAN
DRAINAGE DETAILS

PROJECT No:
3225.00

BHBET: 3.5

PAGE:

FILE NAME: CB-TY2.DWG




33

° Type 5 rehabilitation: remove and replace entire catch basin.
Preliminary Construction Cost Estimate for Alternative 3.1.6

The preliminary construction cost estimate for the recommended positive drainage
system with gravity fed drainage wells and emergency outfall were calculated for each
basin. These cost estimates include costs for improvements to the exiting system
(see catch basin rehabilitation types explained above) as well as the following
components:

e New Catch Basin with Baffle - The recommended catch basins with pollution
control structures are those specified by Dade County (or are a DERM approved
equal) which are generally less than 10 feet deep and have one or more grease and
oil separators (for Dade County Standard Detail SD 2.9, see Exhibit 3.6.)

¢ Drainage Well with Grease and Oil Separator - the cost estimate is for a 24-inch
steel encased drainage well placed 60-100 feet deep to discharge stormwater. Prior
to entering the well, stormwater will flow through a pollution control devise (grease
and oil separator) which includes a weir to hold back the surface runoff and prevent
contamination from entering the well.

e Emergency Overflow Structure - costs for this structure, which will be constructed
at the canal or bay and will discharge only in emergency conditions (i.e., when the
storm event generates more than one inch of runoff), are included in the cost
estimate for each basin. It is assumed that this structure will be connected to the
existing outfalls which are in working condition.

e Pavement/Swale Restoration - all pavement restoration costs included in the
estimate are based on Dade County Standard Details R21.1. Full lane restoration
was assumed for longitudinal cuts. The cost to restore swales along one side of the
street affected by construction is also included in the cost estimates.

¢ Drainage Pipe - the cost estimate for drainage pipe is based on an average unit
cost. The Village may choose to use concrete, corrugated metal pipe (CMP),
corrugated aluminum pipe (CAP), polyvinyl chloride (PVC), or an equivalent for the
actual construction. Concrete pipe is hydraulically smoother and therefore better for
transporting water but it is also more expensive.

e Administration, Engineering, Financing, and Contingency - the cost estimate was
increased by 35% to account for these "soft" costs to implement the recommended
capital improvement program.

The resulting costs for each basin are shown on Exhibit 3.7. Costs per basin range

“from approximately $184,000 to $1.2 million. The total approximated cost for the

recommended improvements is $4.9 million.

Village Stormwater Management Master Plan 43



METROPOLITAN DADE COUNTY, FLORIDA
ENVIRONMENTAL RESOURCES MANAGEMENT
111 NW st STREET

SUITE 1310

-
METRO DADE
4
_ MIAMI, FLORIDA 33128-1971
(305) 375-DERM

ENVIRONMENTAL REVIEW OF DRAINAGE SYSTEM

{J REVIEW FOR COMPLIANCE TO DADE COUNTY AQUIFER PROTECTION REQUIREMENTS.
{3 PROVIDE OIL & GREASE INTERCEPTOR © ALL CATCH BASINS PRECEDING FRENCH DRAIN AS
PER ATTACHED STD. DET. BELOW.
[J PROVIDL OIL & GREASE INTERCEPTORS AT STRUCTURE NO. *
[0 ALL FRENCH DRAINS TO HAVE INVERT OF PERFORATLD PIPE MIN. ELEVATION OF OCIOBER
GROUND WATER LEVEL OF NGVD. OR HIGHER.
{J REVIEW FOR COMPLIANCE W/SECTION 24-12.1 OF THE METRO DADE COUNTY CODE.
[J COMMENTS:

DRY EXFILTRATION SYSTEM IN PAVED AREA
MIN, 920 CATOH BASM % \
PR S0. 2.6

OR LARCLR. REMNFORCIM{NT
= il

MIN, 10
ISR &

« ST ALTRAATE QUANQUT COMR
BATIE o Y SIB
g‘ AND RIMOVABLE SCRL WS
o T
A PROVID[ T OR =
| WUDED RISCR
J
187 N um. RED
Z'InNJ e i s MIN, SIZ0 CAICH BASN e i i 3T
YYPL P W/ ONL 1€C PR SD. 26 ALTERNATE “A"
TYPE 3 W/ 2 TCES R LARCER. REMTCRCIMON
PIR APPUICARE SD. 1K 10 GRADE
3/ O PMD. UANUM 8Y CONRACIOR
% 10 ouT L — =2 ~MIN. S0 CAICH BAM 4
‘ —RIMOVARLL CAP "”"""'.\r % o n | }/PER S 001, 50 26 & d .
5 o) sne W i ] URGIR v 2" i, o8 L [P0 FLATL O
fumi iR &l ECLL SCTEHS N S o e L soumt for orr BATLE i 100 O IERTLE
= T J)-— ~BATIL FOR| ~—— (N ANO M. 54" SOUARC
P : b A rouvton | On o ton ia ~ /2 e
J'—fl;wB:ép?!wu"" SULL SN | ' v (54 (NS OR
. ; CRAIER MoAN
WATER LEVEL -3 uN. SP. TE - - ; OURET PPE
J - - T - 7-6" P e — Nwwg GASKET ]
7 # . NOUN ON wall
un, rveclearon eneRTEE [YPICAL CATCH BASIN  tamo o' Ay e
TYPE J FOR 2 TEES ALTLRNATE 8
CATCH BASIN )
GREASE & OIL SEPARATOR
(WITH SEEPAGE HOLE AT BOTTOM)
PRECEDING FRENCH DRAIN
TWO (2) TEES AS SHOWN IF F.D. AT BOTH SIDES OF STRUCTURE
NOTES:
! — ABOVE STRUCTURE TYPE "P" S.D. 2.6 IS RECOMMENDED FOR SMALL DRAINAGE AREAS
LESS THAN 0.20 ACRE PER CATCH BASIN.
2 — FOR DRAINAGE AREAS EQUAL TO OR GREATER THAN 0.20 BUT NOT EXCEEDING .3
ACREL PROVIDE TYPE "J AS PER S.D. 2.6 STRUCTURES.
3 — ALL INVERTS OF PERFORATED PIPES TO BE AT OCTOBER WATER TABLE.
4 — WHEN PRETREATMENT IS REQUIRED IN A DRY EXFILTRATION SYSTEM, IF GRADE

CONDITION ON SITE IS SUCH THAT THE INVERT OF THE NON PERFOFATED PIPE LEAVING
THE CATCH BASIN IS BELOW THE OCTOBER GROUND WATER LEVEL; A TRANSITION IS
REQUIRED FROM THIS INVERT ELEVATION TO THE INVERT OF THE PERFORATED PIPE.

5 — ALL OTHER 'ALTERNATIVES TO THE—ABOVE OIL & GREASE INTERCEPTORS MUST BE
REVIEWED AND APPROVED BY D.E.R.M. PRIOR TO ISSUANCE OF A CONSTRUCTION PERMIT

% WILLIAMS, HATFIELD & STONER, INC. TYPICAL
NO REPRODUCTION WITHOUT PERMISSION CATCH BASIN

EXHIBIT 3.6




KEY BISCAYNE STORMWATER MASTER PLAN EXHIBIT 3.7
PRELIMINARY ESTIMATE OF CONSTRUCTION COSTS JOBNO: 22500

FILE:  COSTEST1.WK3

DATE: ©-7-83

NEW CATCH BASIN W/ BAFFLES EA | $2000 8| 16,000 $48,000 $36,000
2 | 18" DRAINAGE PIPE LF $28 1800 | $53,200 $72,800 $145,600
3 | 2¢* DRAINAGE PIPE F $3 $0 $41,300 $12,250
4 | 30 DRAINAGE PIPE LF 845 $0 $15,750 $0 $0
5 | DRAINAGE WELL EA | 518,000 1 1| s18,000 4| s72000 1| s18,000 1| 18,000 $72,000 $0 4| sr000 $0 3 554,000
8 | POLLUTION CONTROL STRUCTURE EA | $16,000 1 1| s18000 1| s18,000 1| s18.000 1| 16,000 $16,000 $0 1| $16,000 $0 1 $16,000
7 | OUTFALL WEIR W/STRUCTURE EA | $10,000 1 1|  $10,000 1|  $10,000 1| $10000 1| 10,000 $10,000 $0 1|  $10,000 $0 1 $10,000
8 | REHAB 1 — ADD BAFFLE EA | 8500 $0 $0 $0 $0 $0 al s1500 $0 $0 15 $7,500
9 | REHAB 2 — ADD PAVT & BAFFLE EA | $1,000 $0 2| s2000 $0 $0 $0 " 1| s1,000 $0 $0 5 $5,000

10 | REHAB 3 — REPAR F&G, TOP SLAB EA | $1,500 2 $0 1 31,500" 0 B 80 $0 $0 $0 1 $1,500

& ADD BAFFLE

11 | REHAB 4 — ADD PIPES, REPAIR STRUCT EA | $1,500 2| 3000 $0 8| $12000 2| $3000 2| sao00 8| s12000 5| 7500 7| $10,500 $0 23 $34,500

12 | REMOVE & REPLACE CATCH BASIN EA | $2500 7| s$17,500 5| s12,500 3| s7500 $0 1| s2s500 $0 1| 2500 2|  s$s000 $0 7 $17,500

13 | SWALE RESTORATION IF $5 3100 |  $15,500 2600 | $13,000 14450 | 72,250 380 | $15,.250 2400 | $12,000{f 5800 | $29,000 5800 |  $29,000 8400 |  $42,000 4600 | $23,000 9400 $47,000

SUBTOTALS $152,200 $116,500 $429,200 $89,650 $105,100 $314,850 $236,480 $435,440 $221,550 $386,850

ADMIN, ENG, FINANCING, & CONTINGENCY $110,168 $135,398

14 | PAVEMENT RESTORATION — 1* OVERLAY LF $12 3100 $37,200 2800 $31,200 14450 | $173,400 3050 $36,600 2400 $28,800 5800 $69,600 5800 $60,600 $100,800 4800 $55,200 8400 $112,800

§ |5
g
g
g

15 | ROADWAY GRADE CHANGE LF $15 1550 $23,250 " 1300 $19,500 7225 | $108,375 0 $0 0 $0 2900 $43,500 2900 $43,500 $34,500 9400 $141,000 "

ADMIN, ENG, FINANCING, & CONTINGENCY EST 35% $21,158 " $17,745 $98,621 $12,810 $10,080 $30,585 $30,585 $57,330 $31,395 $88,830 I

NOTE 1: COMPARISON TO BASINS DRAINAGE IMPROVEMENT TOTAL $3,372,030
WITH PUMP STATIONS (SEE APPENDIXF)  $5281914 PLUS YEARLY MAINTENANCE COSTS ROADWAY IMPROVEMENT TOTALS $1,608,964

BASINS 1—8 TOTAL $4,980,994




The Village may choose to construct all of the recommended improvements in a
relatively short time frame by using debt financing or the improvements can be
completed over a longer time frame based on available revenues. To assist in
making these choices, Chapter 4 contains a discussion of improvement priorities by
basin and funding/financing options that may be considered.
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4.1

4.2

Chapter 4
Recommendations and Implementation Guidelines

Improvement Priorities

To match annual capital improvements with annual revenue available for
improvements, priorities must be set for both improvements to the existing system
and installation of new facilities within and among the drainage basins.

Priorities for basin improvements are based on the historical incidence of flooding
and the potential for immediate and direct improvements to the quality of
stormwater discharged.

The basins and associated improvements are prioritized on Exhibit 4.1. It should be
noted that these priorities are somewhat subjective and if the Village chooses to
deviate from these recommendations it will not have a long-term detrimental affect
on the stormwater management system.

Funding/Financing Alternatives

The Village may consider many methods for using the revenue generated from the
Stormwater Management Utility (SMU) to fund or finance the recommended
stormwater improvements, three of which are considered in this report.

4.2.1 Pay-As-You-Go

The pay-as-you-go approach refers to the method in which the revenue stream from
the SMU is accumulated in a reserve fund. After the reserve fund contains sufficient
revenue to pay for improvements, construction of the improvements are included in
the next annual budgeting cycle. The pay-as-you-go method is generally perceived
as the least cost means of financing capital improvements as the Village would not
accrue any interest expenses associated with borrowing funds for construction.

This option is most equitable when a continuous, relatively level stream of
improvements are made on an annual basis. In addition, if this option is used for the
first two years of the SMU's history, future projects could be financed through
revenue bonds without the requirement for bond insurance which lowers the cost of
bond financing.

422 Revenue Bond Financing

Under Florida law, a utility may fund capital improvement projects or purchases by
issuing bonds that will be repaid by the revenues from an enterprise operation. With
revenue bonds, the utility obtains the funds needed to initiate and complete major
improvements and repays them over time with the revenue collected from the SMU.
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4.4

This method includes interest expenses and expenses associated with the validation
and sale of bonds thus it is more costly in the long term than the pay-as-you-go
method. It does, however, enable large projects to be completed more quickly.
Given the projected annual revenues anticipated from the SMU, all of the
recommended improvements could conceivably be completed in one to two years if
bond financed. This would, in effect, eliminate the sometimes difficult task of
choosing when one basin should be improved before another.

42.3 Bank Financing

Bank financing is similar to bond financing, however, it involves a direct bank loan
rather than the more costly process of issuing bonds. The interest rate in bank
financing is somewhat higher than with revenue bond financing, however, there is a
greater degree of flexibility and some of the indirect costs associated with bond
financing mentioned above are eliminated.

Bank financing is often preferable to bond financing due to its flexibility and the use
of local banks that are sensitive to local conditions. The Village may want to
consider this source of financing to implement their stormwater management
improvement plan.

Grants

The Village has applied for grants in the past to help fund stormwater management
improvements. It is anticipated that additional such funds will be available from
various State agencies (SFWMD, DEP formerly DER) on a competitive basis for
municipalities that have created stormwater utilities.

This report has been prepared in a manner conducive to use in conjunction with
grant applications for specific projects. It can be used to demonstrate the
comprehensive and responsible approach the Village is taking to improving the
quality of stormwater discharged into the bay and ocean waters.

Implementation Recommendations

Implementation of a stormwater management program includes three categories of
activity; administration, operations and maintenance and capital improvements.
Recommendations for tasks within each of these categories are presented below.

44.1 Administration Recommendations

° Include both planned capital expenditures for drainage improvements and
maintenance expenses in the annual budgeting process.
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° Establish procedures and schedule for updating the facility database and
base map when new facilities are installed or additional existing facilities are
located.

° Establish procedures and time schedule for updating the facility database to
include the dates and types of maintenance activities performed.

4.4.2 Operation and Maintenance Recommendations

The Village should adopt an annual maintenance plan and budget for both existing
facilities and the recommended additions to the system. Maintenance suggestions

include:

° clean and vacuum debris from catch basins twice per year

° clean drainage wells every two years

° mow and maintain swales regularly and keep clear of debris

4.4.3 Capital Improvements Recommendations

The Stormwater Master Plan is a conceptual plan based on the scope of this study
and the information available. Due to its conceptual nature, several issues should
be addressed during the final design of the capital improvements.

° Sewer and water lines were not located as part of this study. This should
be accomplished and the locations included on the Stormwater Master Plan
map prior to completion of the final design phase. The general locations of
sewered areas are provided in Appendix G.

° At final design, decisions will have to be made regarding which side of the
street is the most appropriate for construction of the new facilities and
improved swales.

° The area of each drainage basin should be verified and recalculated using
design survey methods at the final design phase.

° The drainage calculations should be verified and recalculated to ensure that
the outfalls are properly sized to accommodate the anticipated discharge.

° Only after the drainage and sanitary sewer improvements are constructed,
the roads should be repaved and raised 6 to 12 inches. This will increase
the available head and the effectiveness of the existing and proposed
drainage facilities. This, naturally, will have to be correlated to the first
floor elevations of adjacent structures.

° When developing construction schedules for the improvements, construction
during the winter months, November through March, should be avoided to
minimize the impacts on neighborhood residents.
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KEY BISCAYNE STORMWATER MASTER PLAN
DRAINAGE BASIN IMPROVEMENT PRIORITIES

EXHIBIT 4.1

JOB NO:3225.00
FILE: BSNPRIO.WK3
BY: LMB CHK: AAN
DATE: 8—24-93
REV:

SUGGESTED DRAINAGE PRELIMINARY
PRIORITY BASIN ESTIMATE OF
NUMBER NUMBER COSTS

(from Exhibit 3.7)

1 6A $443,340
2 6B $338,850
3 1 $218,700
4 2 $169,763
5 3 $641,925
6 8 $562,275
7 7A $610,200
8 7B $308,475
9 4 $150,863
10 5 $153,225
BASIN 1—-8 TOTAL $3,597,616

NOTE: These priorities are preliminary. The Village may deviate from these recommendations
without any long—term detrimental affect on the Stormwater Management System.
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Stormwater Master Plan




Appendix B

Soil Information
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FLORIDA TESTING & ENGINEERING, INC.

August 16, 1993

Attn: Ms. Linda Bell
Williams Hatfield and Stoner
3191 Coral Way, Suite 804
Miami, FL 33145

Reference: Key Biscayne Stormwater Master Plan
Key Biscayne, Fl

Dear Ms. Bell:

This office has conducted a s subsoil investigation for the above referenced project. The purpose
of this investigation was to define the current subsurface conditions and to determine the
hydraulic conductivity of the soil at the sites for the Key Biscayne Stormwater Master Plan.

The testing consisted of 5 (five) hand auger borings, taken to a depth of 20 feet deep and 5 usual
condition open hole percolation tests. The auger boring and percolation test locations are as
indicated on the boring logs and exfiltration test result sheets and also in Figure 1 enclosed with
this report. The borings show that the soil in the locations tested consists mostly of tan, gray to
brown sand with shell.

Enclosed please find the results of our field testing as shown in the table shown below. Five
Usual Condition Open Hole Percolation Tests were performed. Calculation of hydraulic
conductivity yielded the following:

P-1 0.49994 x 10*
P-2 0.86750 x 10°
P-3 0.30299 x 10*
P-4 0.53781 x 10*
P-5 0.64339x 10

877 N.W. 61 Street » Fort Lauderdale, Florida 33309 » (305) 938-4400 » FAX (305) 938-8900



The above values for the hydraulic conductivity show that the soil can be defined as pervious.

If you have any questions please feel free to contact this office.

Sincerely Yours,

Abdul Moudud.
Staff Geotech. Engr.

rsmart\geotech\9308\930666.sam

i bl s
Dr. Makbul Hossain, P.E.

Senior Engineer
Fla Registration No. 46834

m Est. 1959
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Est 1959

FLORIDA TESTING & ENGINEERING, INC.
TEST BORING REPORT

Williams, Hatfield and Stoner

CLIENT: ORDER NUMBER: 930666
PROJECT: Key Biscayne Storm Wtr. M.P. BORING NUMBER: 1
: Key Biscayne, FL DRILLER: Bruce Hill
LOCATION: North Side of 150 Harbor Drive WATER LEVEL: 3.5 Feet at 5:05 P.M.
: S.P.T.: 140 Lb HAMMER; 30 INCH DROP;
DATE: 8/11/93 S.P.T.: 2 ft SPLIT SPOON SAMPLER
DEPTH VISUAL CLASSIFICATION LAYER HAMMER HAMMER ELEVATION
ft THICKNESS BLOWS BLOWS Unknown
ft on SAMPLER on CASING ft. M.S.L.

_ Tan Sand and Limerock. Hollow

1 1.0 Auger
. Brown Medium Fine Sitica Sand with
2 trace of Shell.
_3
T 4 3.0
. Grey Medium Fine Silica Sand with Shell.

5
_6
7
8
—9
—_10
-n
R}
T ) _
_15
16
a7
18
19
20 16.0

PAGE 1 OF 1 TEST TERMINATED AT 20.0 FEET

The above test boring was conducted in accordance

with A.S.TM. designation D-1586

877 N.W. 61 Street ® Fort Lauderdale, Florida 33309
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CLIENT:
PROJECT:

LOCATION: East Side of 525 Allen Dale Road WATER LEVEL:

DATE:

Est 1959

FLORIDA TESTING & ENGINEERING, INC.

TEST BORING REPORT

Williams, Hatfield and Stoner ORDER NUMBER:
Key Biscayne Storm Wtr. M.P. BORING NUMBER:

Key Biscayne, FL DRILLER:

930666

2

Bruce Hill

3.0 Feet at 2:30 P.M.
S.P.T.: 140 (b HAMMER; 30 INCH DROP;

8/11/93 S.P.T.: 2 ft SPLIT SPOON SAMPLER

DEPTH
ft

VISUAL CLASSIFICATION LAYER

THICKNESS
ft

HAMMER
BLOWS
on SAMPLER

HAMMER
BLOWS
on CASING

ELEVATION
Unknown
ft. M.S.L.

Tan Medium Fine Silica Sand with Silt.

3.0

Hollow
Auger

10
1"
12
13
14
15
16
17
18
19

20

Grey Medium Fine Silica Sand with Shell.

17.0

PAGE 1 OF 1 TEST TERMINATED AT 20.0 FEET

The above test boring was conducted in accordance

with A.S.TM. designation D-1586

877 N.W. 61 Street ® Fort Lauderdale, Florida 33309
Phone: (305) 938-4400 @ Fax: (305) 938-8900




CLIENT:
PROJECT

LOCATION:

DATE:

Est 1959

FLORID

>

TEST BORING REPORT

Williams, Hatfield and Stoner
Key Biscayne Storm Wtr. M.P.
Key Biscayne, FL

462 Ridgewood Road

8/11/93

ORDER NUMBER:
BORING NUMBER:
DRILLER:
WATER LEVEL:

TESTING & ENGINEERING, INC.

930666

3

Bruce Hill
3.5 Feet
S.P.T.: 140 b HAMMER; 30 INCH DROP;
S.P.T.: 2 ft SPLIT SPOON SAMPLER

ft

DEPTH
’

VISUAL CLASSIFICATION

LAYER
THICKNESS
ft

HAMMER
BLOWS
on SAMPLER

HAMMER
BLOWS
on CASING

ELEVATION
Unknown
ft. M.S.L.

Brown and Tan Medium Fine Silica Sand.

5.0

Hol Low
Auger

Tan Medium Fine Silica Sand.

4.0

10
11
12
13
14
15
16
17
18
19

Grey Medium Fine Silica Sand.

11.0

PAGE 1 OF 1

The above lest boring was conducted in accordance

with AS.TM. designation D- 15686

877 N.W. 61 Street ® Fort Lauderdale, Florida 33309

TEST TERMINATED AT 20.0 FEET

Phone: (305) 938-4400 @ Fax: (305) 938-8900




Est 1959

L ________________________|]
FLORIDA TESTING & ENGINEERING, INC.
TEST BORING REPORT

CLIENT: Williams, Hatfield and Stoner ORDER NUMBER: 930666
PROJECT: Key Biscayne Storm Wtr. M.P. BORING NUMBER: 4
H Key Biscayne, FL DRILLER: Bruce Hill
LOCATION: East Side of 630 South Masnata Drive WATER LEVEL: 3.5 Feet at 12:25 P.M.
: S.P.T.: 140 Lb HAMMER; 30 INCH DROP;
DATE: 8/11/93 S.P.T.: 2 ft SPLIT SPOON SAMPLER
DEPTH VISUAL CLASSIFICATION LAYER HAMMER HAMMER ELEVATION
ft THICKNESS BLOWS BLOWS Unknown
ft on SAMPLER | on CASING | ft. M.S.L.

N Tan Medium Fine Silica Sand Hollow
1 with trace of Silt. Auger
_2
_3
A
_s 5.0
. Brown Medium Fine Silica Sand
_6 with trace of Marl.
_7
8 3.0
N Tan Medium Fine Silica Sand with shell.

9
__10
o
T :
13
T 1
_ s
_16
a7
18
19
20 12.0

PAGE 1 OF 1 ) TEST TERMINATED AT 20.0 FEET

The above test boring was conducted in accordance

with A.S.TM. designation D-1586

877 N.W. 61 Street ® Fort Lauderdale, Florida 33309

Phone: (305) 938-4400 ® Fax: (305) 938-8900




Est 1959

L]}
FLORIDA TESTING & ENGINEERING, INC.
TEST BORING REPORT

CLIENT: Williams, Hatfield and Stoner ORDER NUMBER: 930666
PROJECT: Key Biscayne Storm Wtr. M.P. BORING NUMBER: 5
: Key Biscayne, FL DRILLER: 8ruce Hill
LOCATION: 190 Island Drive, South Side of Road. WATER LEVEL: 6.0 Feet at 10:35 A.M.
: S.P.T.: 140 b HAMMER; 30 INCH OROP;
DATE: 8/11/93 S.P.T.: 2 ft SPLIT SPOON SAMPLER
DEPTH VISUAL CLASSIFICATION LAYER HAMMER HAMMER ELEVATION
ft THICKNESS BLOWS BLOWS uUnknown
ft on SAMPLER | on CASING ft. M.S.L.
i Brown Medium Fine Silica Sand. Hol low N
=1 Auger
_2 :
_3 .
4 4.0 N
- Grey Medium Fine Silica Sand with Shell. N
5
—6 B
-7 B
_8 _
_9 -
10 N
-n N
2 -
_ 13 B
_ % -
_1s -
T -
T 7 N
T 18 _
T 19 _
20 16.0 -
PAGE 1 OF 1 TEST TERMINATED AT 20.0 FEET

The above test boring was conducted in accordance
with A.S.TM. designation D-1586

877 N.W. 61 Street ® Fort Lauderdale, Florida 33309
Phone: {305) 938-4400 ® Fax: (305) 938-8900




Report of Usual Condition Open Hole Percolation Test

Project Name
Client:

Project Location:
Test Location:

Soil Description:

KEY BISCAYNE S.W.M.P.

WILLIAMS, HATFIELD & STONER

KEY BISCAYNE. FL

Test Number P-1
Project Number: 930666

Tested-By
NORTH SIDE OF 150 HARBOR DR Date Tested

BRUCE HILL

AUGUST 11, 1993

0-1 TAN SAND AND LIMEROCK
1-4 BROWN MEDIUM FINE SILICA SAND WITH TRACE OF ORGANIC
4-15 GREY MEDIUM FINE SILICA SAND WITH SHELL
Remarks:

[FEE N

Water Table below existing grade
Test Depth
Diameter of Tube is 6 inches.

35Ft
15 Ft

1 5.00 11 2,28 21 2.00
2 4.00 12 2.25 22 1.75
3 3.25 13 225 23 1.75
4 3.00 14 2.25 24 1.75
5 3.00 15 2.25 25 1.75
6 3.00 16 2.00 26 1.50
7 3.00 17 2.00 27 1.50
8 2.75 18 2.00 28 1.50
9 2.50 19 2.00 29 1.50
10 2.25 20 2.00 30 1.50

Stabilized Flow (gal) 1.65

Hydraulic Conductivity 0.049994 x 10~ CFS/FT'-FT HEAD

(K)

INSMART\GEOTECH\9308'\WHO0666P1.SAM

FTE

Est. 1959

FLORIDA TESTING & ENGINEERING. INC.




Report of Usual Condition Open Hole Percolation Test

Project Name  KEY BISCAYNE S.W.MP. Test Number  P-2

Client: WILLIAMS, HATFIELD & STONER  Project Number: 930666
Project Location: KEY BISCAYNE. FL Tested By BRUCE HILL
Test Location: EAST SIDE OF 525 ALLEN DALE Date Tested

ROAD

AUGUST 11, 1993

Soil Description:

0-3 TAN MEDIUM FINE SILICA SAND WITH SILT
3-1%8 GREY MEDIUM FINE SILICA SAND WITH SHELL
Remarks:
1. Water Table below existing grade 3 Ft
2. Test Depth 15 Ft
3. Diameter of Tube is 6 inches.
1 4.00 11 0.50 21 0.25
2 2.25 12 0.50 22 0.25
3 1.50 13 0.50 23 0.25
4 1.00 14 0.50 24 0.25
5 1.00 15 0.50 25 0.25
6 0.75 16 0.25 26 0.25
7 0.75 17 0.25 27 0.25
8 0.75 18 0.25 28 0.25
9 0.50 19 0.25 29 0.25
10 0.50 20 0.25 30 0.25
Stabilized Flow (gal) 0.25
Hydraulic Conductivity 0.008675 x 10° CFS/FT*-FT HEAD

(X)

['SMART\GEOTECH\9308\WH0666P2.SAM

FTE

Est. 1959

FLORIDA TESTING & ENGINEERING, INC.




Report of Usual Condition Open Hole Percolation Test

Project Name  KEY BISCAYNE S.W.MP. Test Number P-3
Client: WILLIAMS. HATFIELD & STONER  Project Number: 930666
Project Location: KEY BISCAYNE. FL Tested By AVERY YATES
Test Location: 462 RIDGEWOOD ROAD Date Tested AUGUST 12, 1993
Soil Description:
-5 BROWN AND TAN MEDIUM FINE SILICA SAND
5-9 TAN MEDIUM FINE SILICA SAND
9 -20' GREY MEDIUM FINE SILICA SAND
Remarks: T
1. Water Table below existing grade 3.5 Ft
2. Test Depth 15 Ft
3. Diameter of Tube is 6 inches.
1 2.00 11 1.25 21 1.00
2 2.00 12 1.25 22 1.00
3 2.00 13 1.25 23 1.00
4 1.75 14 1.25 24 1.00
5 1.75 15 1.25 25 1.00
6 1.75 16 1.00 26 1.00
7 1.50 17 1.00 27 1.00
8 1.50 13 1.00 28 1.00
9 1.50 19 1.00 29 1.00
10 1.50 20 1.00 30 1.00
Stabilized Flow (gal) 1.00
Hydraulic Conductivity 0.030299 x 10° CFS/FT’-FT HEAD

(K)

I'SMART\GEOTECH9308\WHO0666P3.SAM

FIE

Est. 1959

FLORIDA TESTING & ENGINEERING, INC.




Report of Usual Condition Open Hole Percolation Test

Project Name KEY BISCAYNE S.W.M.P. Test Number P-4

Client: WILLIAMS, HATFIELD & STONER  Project Number: 930666

Project Location: KEY BISCAYNE. FL Tested By BRUCE HILL

Test Location: EAST SIDE 630 SOUTH Date Tested AUGUST 11, 1993
MASNATA DRIVE

-’
pr— e —————— e, —————-- ... —————

Soil Description:

0-5' TAN MEDIUM FINE SILICA SAND WITH TRACE OF SILT
5-8 BROWN MEDIUM FINE SILICA SAND WITH TRACE OF MARL
8-15 TAN MEDIUM FINE SILICA SAND WITH SHELL
Remarks:
1. Water Table below existing grade 3.3 Ft
2. Test Depth 15 Ft

3. Diameter of Tube is 6 inches.

1 5.50 1 3.25 21 2.00
2 5.00 12 3.00 22 2.00
3 5.00 13 3.00 23 2.00
4 5.00 14 3.00 24 2.00
5 4.50 15 275 25 2.00
6 4.00 16 2.50 26 1.75
7 3.75 17 2.50 27 1.50
8 3.75 18 2.50 28 1.50
9 3.50 19 2.25 29 1.50
10 3.00 20 225 30 1.50

Stabilized Flow (gal) 1.78

Hydraulic Conductivity 0.053781 x 10° CFS/FT’-FT HEAD
(K) '

[:SMART\GEOTECH\9308\WH0666P4.5AM

FLOND‘A-TES'TING & ENGINEERING, INC.




Report of Usual Condition Open Hole Percolation Test

Project Name 'KEY BISCAYNE S.WMP. Test Number P-5
Client: WILLIAMS, HATFIELD & STONER  Project Number: 930666
Project Location: KEY BISCAYNE. FL Tested By BRUCE HILL
Test Location: 190 ISLAND DRIVE - APPROX. 15" Date Tested AUGUST 11, 1993
SOUTH OF ROAD
Soil Description:
0-4 BROWN MEDIUM FINE SILICA SAND
4-18 GREY MEDIUM FINE SILICA SAND WITH SHELL
Remarks: -
. Water Table below existing grade 6 Ft
2. Test Depth 15 Ft
3. Diameter of Tube is 6 inches.
1 8.00 11 315 21 3.50
2 7.00 12 3.75 22 3.50
3 5.50 13 3.50 23 3.25
4 4.50 14 3.50 24 3.25
5 4.50 15 3.50 25 3.25
6 425 16 3.50 26 3.25
7 425 17 3.50 27 3.25
8 425 18 3.50 28 3.25
9 425 19 3.50 29 3.25
10 4.00 20 3.50 30 3.25
Stabilized Flow (gal) 3.30
Hydraulic Conductivity .  0.064339 x 10~ CFS/FT-FT HEAD
(K)

[\SMART'GEOTECH\9308\WHO0666P5.SAM

FTE

Est. 1959

e ———
FLORIDA TESTING & ENGINEERING, INC.




SUBSURFACE EXPLORATION REPORT
KEY BISCAYNE POLICE STATION
KEY BISCAYNE, FLORIDA
FILE NO.: 93-2385
JULY 21, 1993

=

Ardaman & Associates, Inc.

OFFICES

Orlando, 8008 S. Orange Avenue, Orlando, Florida 32809, Phone (407) 855-3860
Bartow, 1525 Centennial Drive, Bartow, Florida 33830, Phone (813) 533-0858
Cocoa, 1300 N. Cocoa Blvd., Cocoa, Florida 32922, Phone (407) 632-2503

Fort Myers, 2508 Rockfill Road, Fort Myers, Florida 33916, Phone (813) 337-1288
Miami, 2608 W. 84th Street, Hialeah, Florida 33016, Phone (305) 825-2683

Port Charlotte, 740 Tamiami Trail, Unit 3, Port Charlotte, Florida 33954, Phone (813) 624-3393
Port St. Lucie, 1017 S.E. Holbrook Ct., Port St. Lucie, Florida 34952, Phone (407) 337-1200
Sarasota, 2500 Bee Ridge Road, Sarasota, Florida 34239, Phone (813) 922-3526
Tallahassee, 3175 West Tharpe Street, Tallahassee, Florida 32303, Phone (904) 576-6131
Tampa, 1406 Tech Boulevard, Tampa, Florida 33619, Phone (813) 620-3389
West Palm Beach, 2511 Westgate Avenue, Suite 10, West Paim Beach, Florida 33409, Phone (407) 687-8200

MEMBERS:
ASFE.

American Concrete institute
American Society for Testing and Materials
American Consulting Engineers Council
Florida Institute of Consulting Engineers
American Council of Independent Laboratories
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Legend:

Symbol: Description: Symbo1l: Description:
Fill 1] Sand
N — Sandy Limestone /6 SPT Sample
= 56 No. of blows/ Penet-
—— ration in inches
Hand auger sample Groundwater Table
! = |
End of boring

Notes:

ENGINEERING CLASSIFICATIONS

COHESIONLESS SOILS COHESIVE SOILS
DESCRIPTION SPT "N" VALUE DESCRIPTION SPT "N" VALUE
VERY LOOSE 0 TO 4 VERY SOFT 0 To 2
LOOSE 5 709 SOFT 3 TO 4
MED. DENSE 10 70 29 MED. STIFF 5 708
DENSE 30 TO 49 STIFF 9 TO 15
VERY DENSE > 50 VERY STIFF i6 70 30

HARD > 30

Project No. 93-2385

Ardaman & Associates, Inc.
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SOIL TEST BORING SYMBOLIC LOGS

BORING B-1

Project: KEY BISCAYNE POLICE STATION File No: 83-2385

Boring No: B-1

Date: 7-15-93 Elevation: N/A

Boring Location: SEE PLAN

Casing Depth: N/A
Drill Method: SPT/HSA

Depth of Watertable: 4.0°

Driller:S.G./C.E.

Date Checked: 7-15-93

ELEV SOIL SYMBOLS & BLOW gy
COUNTS / INCHES OF SOIL DESCRIPTION SAMPLE | /SPT°N
DOEPTH PENETRATION NO. VALUE
ro .F..I.L..L.'. ...l.i.m.e.r.‘.o.-c-k.. ....................................................
i 1 9
i “|SAND, ‘gray to brown fine to medium grained.
- some shells. 2 10
i 3 20
-5
| 4 21
i 5 25
- 6 25
— 10
i 7 24
= ‘5 S.A.N..D. . .1. .t. . .g.-r\.é.y.. .f-i. h.é. . .g‘r.\.a. ‘i.r".e-.d"' . .s.éh.\.e. . .S. .i.i.t. .. ...............
i SAND gray medium grained, some sheils. =~~~ 7
i 8 16
- 20
i o/ SANDY L IMESTONE 1€ gray e o ”
25 876
_1 ! ) 1
- 1
{ ) |
o B
) 1
1
- n i
i
g9/6 10 41
- 376
3276
- 30
Water Checked
7-15-83

END OF BORING 30°'.

Ardaman & Associates, Inc.




SOIL TEST BORING SYMBOLIC LOGS

BORING B-2
Project: KEY BISCAYNE POLICE STATION File No: 93-2385
Boring No: B-2 Date: 7-15-93 Elevation: N/A
Boring Location: SEE PLAN
Casing Depth: N/A
Drill Method: SPT/HSA Driller:S.G./C.E.
Depth of Watertable:4.0' Date Checked: 7-15-93
id TR T iy SOIL DESCRIPTION SAMPLE | SPT"N"
DEPTH PENETRATION NO. YALUE
0
i 16
[
. 2 7
i 3 10
-5 4 38
i 5 50
s 6 27
L. 7 36
- 10
i 8 20
- 15
- S ng s s | 15
— 20 11 f|io/6
- e ésés — S.A.N.D..Y. - .L..I-M..E.ASATON.E ..1.t~ - VQ.r;.a.y.. ..................................... ’o 12
- 25 6/6 _ .
i =
L e L
| 12/6 11 18
g/6
8/6
— 30
Water Checked
7-15-93

END OF BORING 30°'.

Ardaman & Associates, Inc.



SOIL TEST BORING SYMBOLIC LOGS

Project: KEY BISCAYNE POLICE STATION

Boring No: B-3

BORING B-3

Date: 7-15-93 Elevation: N/A

Boring Location: SEE PLAN

Casing Depth: N/A

Drill Method: SPT/HSA
Depth of Watertable:4.0°

Driller:S.G./C.E.
Date Checked: 7-15-93

File No: 83-2385

ELEY SOIL SYMBOLS & BLOW o
COUNTS / INCHES OF SOIL DESCRIPTION ST il
DEPTH PENETRATION NO. VALUE
r_.o FILL.. .. lim'e.r\.ock.' ................................................ 1 29
i SAND gray 'to brown tine to medium grained
- some shells. 2 1
i 3 12
-5 4 35
g 5 40
- 6 31
L 7 40
— 10
X SAND 1t Gray Fife grsined. some Si1E A
— 1S
s SAND gray medium grained some shelis. T
[ 9 7
— 20
! SANDY CIMESTONE 1t gray. s o |
25
8 11 15
— 30
Water Checked
7-15-93

END OF BORING 30°.

Ardaman & Associates, Inc.




SOIL TEST BORING SYMBOLIC LOGS

BORING B-4
Project: KEY BISCAYNE POLICE STATION File No: 93-2385
Boring No: B-4 Date: 7-15-93 Elevation: N/A
Boring Location: SEE PLAN
Casing Depth: N/A ‘
Drill Method: SPT/HSA Driller:S.G./C.E.
Depth of Watertable: 4.0’ ~ Date Checked: 7-15-83
= TORTE 7 INEHES OF SOIL DESCRIPTION SAMPLE | SPT'N"
DEPTH PENETRATION NO. VALUE
1 28
2 8
3 9
4 21
] 32
6 25
7 54
o
B 8 22
15 9 14
3 10 12
— 20
B i1 15
- 25
: 12 12
L 30
Water Checked
7-15-93

END OF BORING 30°'.

Ardaman & Associates, Inc.




SOIL TEST BORING SYMBOLIC LOGS

BORING B-5

Project: KEY BISCAYNE POLICE STATION

Boring No: B-5

Date: 7-15-93 .

Boring Location: SEE PLAN
Casing Depth: N/A

Drill Method: SPT/HSA
Depth of Watertable: 4.0’

File No: 93-2385
Elevation: N/A

Driller:S.G./C.E.

Date Checked: 7-15-93

Water Checked

END

— 30

7-15-93

2

10

11

ELEY SOIL SYMBOLS & BLOW v
COUNTS / INCHES OF SOIL DESCRIPTION EAC | Eg T
DEPTH PENETRATION NO. VALUE

° 1 36

i4

30

35

30

38

10

26

18

OF BORING 30°.

Ardaman & Associates,

Inc.




SOIL TEST BORING SYMBOLIC LOGS

BORING B-6
Project: KEY BISCAYNE POLICE STATION File Nop: 83-2385
Boring No: B-6 Date: 7-15-93 Elevation: N/A
Boring Location: SEE PLAN
Casing Depth: N/A ,
Drill Method: SPT/HSA Driller: S.G./C.E.

Depth of Watertable: 4.5 Date Checked: 7-15-93

COUNTS / INCHES OF SOIL DESCRIPTION
DEPTH PENETRATION

ELEV SOIL SYMBOLS & BLOW SAMPLE
NO.

SPT°N"
VALUE

a8
6/6

11/6
- i

— 30

wWater Checked
7-15-93

1

2

10

14

a5

13

12

36

32

30

24

10

10

21

13

END OF BORING 30°.

Ardaman & Associates, Inc.




-

Project: KEY BISCAYNE POLICE STATION

SOIL TEST BORING SYMBOLIC LOGS

Boring No: B-7
Boring Location: SEE PLAN
Casing Depth: N/A

Drill Method: SPT/HSA
Depth of Watertable: 4.0’

BORING B-7
File No: 93-2385
Date: 7-15-93 Elevation: N/A

Driller:S.G./C.E.
Date Checked: 7-45-93

ELEV SOIL SYMBOLS & BLOW g
COUNTS / INCHES OF SOIL DESCRIPTION [ SE T
DEPTH PENETRATION NO. | VALUE
-0 1 59
- 2 16
i 3 14
-5 4 26
i 5 34
5 6 36
i 7 44
10
- ... me/6 8 26
..... 12/6
—15 .00 14/5
s SEGH Sy
..... /8 9 18
- 20 oo f110/6
e e }é;g — S.A.N.U'Y. .LI.MES.TO.N.E .. .................................................. 10 23
- 25 10/6 :
L 1 I 0
1 1
- {
{
) |
- 1
1
4/6 i1 7
- 3/6
/6
— 30
wWater Checked
7-15-93

END

OF BORING 30°'.

Ardaman & Associates, Inc.




SOIL TEST BORING SYMBOLIC LOGS

BORING B-8

Project: KEY BISCAYNE POLICE STATION File No: 93-2385

Boring No: B-8

Date: 7-15-93 Elevation: N/A

Boring Location: SEE PLAN

Casing Depth: N/A -
Drill Method: SPT/HSA

Depth of Watertable: 4.0’

Driller:S.G./C.E.

Date Checked: 7-15-93

ELEY SOIL SYMBOLS & BLOW e
COUNTS / INCHES OF SOIL DESCRIPTION s [[5° N
DEPTH PENETRATION NO. | VALUE
— 0 FILLsandandgpavelgr‘ay' ................................. 1 34
N 2 22
8 SICTY SAND mosEYy GrGanics dark BRown. 3 19
- F
- 4 22
i SAND gray fine to medium grained, few shells. ] 5 19
B 6 23
i 7 28
— 10
i 8 18
— 15
s
i 9 21
- 20
5 A ANDY LIMESTORE e ‘0 0
- 25
| 11 12
- 30
Water Checked
7-15-93

END OF BORING 30°'.

Ardaman & Associates, Inc.




SOIL TEST BORING SYMBOLIC LOGS

BORING B-9
Project: KEY BISCAYNE POLICE STATION File No: 93-2385
Boring No: B~9 Date: 7-15-93 Elevation: N/A

Boring Location: SEE PLAN
Casing Depth: N/A

Drill Method: SPT/HSA Driller:S.G./C.E.
Depth of Watertable: 4.0'

Date Checked: 7-15-83

ELEV SOIL SYMBOLS & BLOW oy
- COUNTS 7 INCHES OF SOIL DESCRIPTION SAMPLE | SPT'N
DEPTH PENETRATION NO. VALUE

’_o F.I.L.L..l..i.".]-e.i‘.bnc-k.; ..................................................... 1 “

o 2 32

| STLTY SAND' BROWH  fihe arained TitE1a i N
- = \Jorganics.

s SAND gray fine to medium grained, few shells.] 4 21
i 5 20
- 6 32

i 7 32
10

i 8 24
45

i g 15
—~ 20

i ARty L EMESTONE s o | 2
— 25

L 11 2B
— 30

Water Checked
7-45-93

END OF BORING 30°'.

Ardaman & Associates, Inc.




1993
93-2385

July 19,
File No.

EXFILTRATION TEST RESULTS
CONSTANT HEAD TEST

TEST NO. 1

DEPTH SOIL DESCRIPTION NATURAL GROUND
) 1 ¥1/171777777
0’-2.5' FILL, limerock gravel
0.8’-10' SAND brown to gray fine
to medium grained
H2 Du

TEST DATE:
TEST LOCATION:

K = HYDRAULIC CONDUCTIVITY = 5.67E-05

= AVERAGE FLOW RATE = 1.92E-03
d = DIAMETER OF TEST HOLE = 0.33
H2 = DEPTH OF WATER TABLE = 4.00
Du = UNSATURATED HOLE DEPTH = 4.00
Ds = SATURATED HOLE DEPTH = 6.00
DEPTH OF HOLE = 10.00

Culs é//;//ﬁ

Evelio Horta,Ph.D.,P.E.
Project Engineer
Fla.Reg.No. 46625

WATER TABLE

Ds

@0 00 00 00 00 00 00 60 06 00 00 00 .00 00 00 00 o0
90 00 00 S0 S0 00 S0 00 00 00 00 00 00 00 00 00 o0

7-16-93
SEE SKETCH

(CFS/SQ.FT.- FT. HEAD)
(CFS)
(FT.)
(FT.)
(FT.)
(FT.)

(FT.)

I Wl ARDAMAN & ASSOCIATES, INC.

Consulting Engineers n Sods, Hydrogeology.
Toundat.ons ond Materats Testing

KEY BISCAYNE POLICE STATION
ENID AND FERNWOOD
KEY BISCAYNE, FLORIDA

o av. EH. | oecsen br. Tete. 7720753

o oy pags




July 19, 1993
File No. 93-2385

EXFILTRATION TEST RESULTS
CONSTANT HEAD TEST

TEST NO. 2
DEPTH SOIL DESCRIPTION NATURAL GROUND
. P 1/111717/777
0/-2.57 FILL, limerock gravel H H
0.87-10" . SAND brown to gray fine : :
to medium grained : :
: : H2 Du
: : WATER TABLE
: S Ds
: : . -

TEST DATE: 7-16-93

TEST LOCATION:

K = HYDRAULIC CONDUCTIVITY = 1.41E-05

Q = AVERAGE FLOW RATE = 5.27E-04
A = DIAMETER OF TEST HOLE = 0.33
W2 = DEPTH OF WATER TABLE = 4.58
Du = UNSATURATED HOLE DEPTH = 4.58
Ds = SATURATED HOLE DEPTH = 5.42
DEPTH OF HOLE = 10.00

EVe;io Horta,Ph.D.,P.E.
Project Engineer
la.Reg.No. 46625

SEE SKETCH

(CFS/SQ.FT.- FT. HEAD)

(CFS)

(FT.)

(FT.)

(FT.)

(FT.)

(FT.)

(NN W ARDAMAN & ASSOCIATES. INC.

Consulting Engineers n Sols, Mydrogeology.
Foundstionk end Materals Testng

KEY BISCAYNE POLICE STATION
ENID AND FERNWOOD
KEY BISCAYNE, FLORIDA

[ occeta o

peavw ov. E.H Joare. 7/20/93

ooy p3gsf




IN-PLACE PERMEABILITY TEST RESULTS

VMS Key Biscayne Hotel
Key Biscayne, Florida

Law Engineering Job HNo. SFD-G-4625

Date Performed: August 14, 1988

HO. DIAM. DEPTH GROUND AVG. FLOW K, HYDRAULIC

TEST
OF OF THE WATER RATE CONDUCTIVITY
HOLE HOLE LEVEL (GPM) (CFS/FT2-FT.HEAD)
(IN.) (FT.) DEPTH
(FT.)
-4
pP-1 12 1Q 2.8 10.4 3 x 10
-4
pP-2 12 10 2.7 3.9 1-X 10
Y|
P-3 12 10 3.8 6.0 1 X 10
lote: The above hydraulic conductivities are for trench drains

installed to the same depth as the borehole seepage test.
The hydraulic conductivity is expressed as inflow per foct
of head per linear foot of trench. The value represents
an ultimate value. The designer should decide on the
required factor of safety.
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Appendix C

Part 2 Design and Construction
(DERM Stormwater Regulations)




PUBLIC WORKS MANUAL

= DESIGN AND
CONSTRUCTION

o PUBLIC WORKS DEPARTMENT
27 "Wl METROPOLITAN DADE COUNTY

111.06-9 METRO-DADEAISAMAT. MGT.



Section T4 - Water Control

D4, 0?2

TABLE 1

DESIGN STORM FREQUENCIES AND FLOOD LIMITS
Type of Area Rainfall Frequency Flood Limit
. To crown of street,
1. Residential and 5-year or to within 15' of
Commercial Areas a dwelling or other
occupied building,
whichever is lower
2. 2-Lane roads in 5-year, except 10- L
Residential and year for & bridge or To crown of street
Commercial Areas culvert in the canal
system
3. U-Lane roads in
high density, 10-year To outer edge of
high traffic traffic lanes
areas
4, Private parking (see South Florida
lots and similar 2-year Building Code U4611)
paved areas
-5-




Section D4 - Water Control

D4.03 LOCAL GRADING

1. GENERAL

An acceptable grading plan must be prepared prior to
determination of best means of disposal of storm runoff.
A proper relation must be established between inlet sites
at points of concentration of flood flow from the basin
and the direction and degree of slopes which are provided
to bring the water to these sites.

Closely related to grades and slopes is the selection
and distribution of material used for fill. Impervious
fill material is not to be used in swales except where road
shoulders must be stabilized. A1l swale areas are to be
solid sodded. To allow for sodding, swales are to be
rough-graded to two inches below the elevation shown in
Standard Road Details.

Some portions of the drainage system may be established
below flood criteria elevations. .For example, swales,
gutters, and specific waterways may be set below flood
criteria as indicated in Part 1, Standard Details, provided
that a maximum of 6 inches is not exceeded.

Each grading and drainage plan submitted to the Public
Works Department shall establish by plans, cross sections,
diagrams, and notes a definite grading pattern. Such
drainage plans shall be of broad enough scope to coordinate
the pattern details with drainage of adjacent surrounting
areas. In cases of extremely flat slopes, paving of swales
may be required.

a. Grading for Street Drainage

Generally proposed grades will conform reasonably well
with the natural land contours. The intent of establishing
flood criteria is to prevent frequent and periodic flooding
in low areas and they are not to be used as a basis for
making excessive cuts or steep grade which would concen-
trate the collection of flood waters to an unacceptable
extent. Deep cuts and resulting steep grades in areas
above flood criteria will not be allowed. (A cut of about
2 feet would be considered a deep cut.)

Grades and disposal facilities may be designed for on
site retention with an emergency overflow, or for disposal
within the subdivision by adjustment of trades and on-site
disposal facilities. In some cases initial seepage instal-
lations must be designed for future adaptation to use in an
emergency outfall drainage system.

-10- Rev. 10/10/84



Section D4 - Waﬁer Control

D4.03

As a guideline a .27 minimum grade should be provided,
with flatter grades being allowed only when justified by
infiltration tests. However, consideration will be given
to varying such grades to allow for condition of swales,
adjacent existing and pProposed points of collection for
drainage, and effects of curb and gutter if ‘to be provided.
Flexibility will be allowed in determining minimum grades
as related to maximum distance from which water is to be
with maximum distances being related to allowable depth
of water ‘at chosen low points. See SD 3.5 for curb and
gutter sections. Careful attention must be given to effects
on existing surroundint areas when planning grades for
draining at new development. Special attention must be
given to avoid flooding of adjacent properties.

Generally an inlet, collection or seepage struc-
ture, or outfall is required at low points in the
street drainage system, it being preferable to provide
an_onsite retention system. Where full on Site re-
tention cannot be provided, then an emergency overflow
may be permitted provided the first inch of runoff is
fully retained on site. Permits are required from tke
Department of Environmental Resources Management for
any overrlow into any waterbody in Dade County. (See SD
1.1 and SD1.2.) Seepage drains can be provided based
on favorable infiltration or percolation test results
even though the proposed facility may be in a part of
the County where tests have not previously revealed
high rates. 1In some areas, even where such tests may
show no seepage facilities are required, a sum may be
included in the subdivision bond for potential instal-
lation of a drainage structure if proved necessary
later by excessive ponding.

STORM DRAINAGE DETAILS FOR STREETS AND DRIVEWAYS

As stated in the preceding paragraphs the guideline for
minimum street grading is .27 with some variations allowed
depending on the type of system used for removal of flood
water. This guideline, the maximum length of continuous
fall from one grade point to another, and related standards
discussed herein must be allowed to vary somewhat, particu-
larly in "transition areas" where because of existing
adjacent subdivisions or older streets constructed under
prior standards it will not be practical to adhere exactly
to these standards. Developers and contractors should
check closely with the Public Works Department and its
inspectors whenever such conditions are anticipated in order
to prevent problems of this type.

-11- Rev. 10/10/84



Section D4 - Water Control

D4.C3

2. Swale Sections in Roci or Maril Aress (Including Drivewc:

L.

These sections will be constructed as & straight-line
slope from the inside edge of the sidewezlk to the edge ¢~
pavement or velley gutter (indicated on R 14.6, and alsc
as to drivewsys on R 1:2.3, R 12.5, and R 12.6). 1In certzin
estate zones where sidewalrs are not reduired the elevzt.on
at the property line will not be lower than the crown of
the street and this grading standard will prevent ponding
where percolation is unsatisfactory. .

b. Swale Sections in Sandy Areas (Excluding Driveways)

In arees (generally north of Flagler Street) where
infiitration tests show good infiltration the swele section
w.1ll be constructed (depressed 6 to 9 inches) in eccord
with R 1.1, R2.1], R 3.1, R 8.1, R9.1, R 9.2, and R 1i.1l.
This type swale (between driveways only) will be used for
inciltration including runoff from driveways as explained
in the following parasgraph.

c. Driveways to be Built Without Depressed Swezle

A11 driveways will be graded to conform with R 12.3,
R 1275, and R 12.6, the grade being 8 straight line fromn
tne inside (back) edge of the sidewalk to the edge of tne
street psvement or valley gutter. In 211 right-of-way
widths without curb and gutter the County stendards set
tne back of the sidewelk at about the same level as tre
crown of tne street or higher. This design provides fcr
driveway runoff directly to the edge of the pavement or
valley gutter {rom whence the normal .2% minimum ailowabl.e
street grade should carry the water to the point of .
disposal. :

DL.CL DRAINEGE FECILITIES AND STRUCTURES

1.

GENERAL

a. Dade County Water Control Plan

The elements of the Dade County Water Control Plan are
shown on a map filed in the Public Records. This plan is
under continuous study and is revised from time to time.
The latest such map is filed in Plat Book 77, Page 42, 1t
shows approximate locations of all existing and proposed
canals, levees, dams, control structures, pumping stations,
drainage divides, and other drainage features of the water
control system of Dade County and the South Florida Water
Management District. All additional drainage facilities
must be consistent with this over-all Water Control Plan.

;. design chart (WC 3.1) for preliminary and tentative
hydrsulic camputations and estimetes is included herein.
Tne design of canals and culverts installed locally by

-le- Rev. 10/10/64



Section D4 - Water Control
D4.04

Federal, State, and County agencies over the past 20 years
conform generally to the design relations shown on it.

b. Separate Storm Drainage Systems

Storm sewers and sanitary sewers are to be separate
svstems.

c. Variation from Standard Details

There is no intent to limit design or construction to
the particular materials and arrangements shown in the
Standard Storm Drainage Details. Use of other materials
and details that will provide equivalent results more effi-
ciently may be approved by the Public Works Department, due
regard being given to durability as well as performance.

d. Fill as Flood Protection

Protection from floods may be provided by filling an
area, but fill is not included in this article as a drain-
age facility. It is one effective means of lowering flood
damage, but protection by fill alone is costly and the size
of the area that can be protected by fill alone is limited.

2. DISPOSAL DRAINAGE FACILITIES AND STRUCTURES

a. General

Disposal systems are termed positive drainage systems
or seepage systems. Positlve systems include canals and
STOTm sewers that drain through a continuous outfall to
the bay or ocean or _an inland waterway; whereas seepage
systems drain into the ground water.

In general, all land and streets should be graded
to drain to or toward the nearest catchment or disposal
structure, utilizing storm sewers, paved swales, and
solid sodded V-type gutter ditches, meeting however other
requirements set forth in the Public Works Manual. See%age
facilities will be relied upon as the preferable type of
disposal system.

-13- Rev. 10/10/84



Appendix D

Permitted Outfalls
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Appendix E

Drainage Calculations




DRAINAGE CALCULATIONS APPENDIX E

Worksheet 2
STORM WATER MASTER PLAN PAGE OF
VILLAGE OF K WHS NO: 3225.00
Drainage Basin: . 569 FILE: A
Storage Swale Volume BY: LMB CHK JVD

DATE: 8—23-93
REV:

from Worksheet 1
Each Drainage Well
assumed exfil flow

Cumulativelnflow Q = ciA

Tc c A i Q Vol Adjusted
min sec acres in/hr cfs cf inflow
0 0 0
10 600 0375 569 6.80 145 8706 0
15 900 0375 569 58 125 11234 0
20 1200 0375 569 525 112 13443 3224
30 1800 0375 569 4.35 9.3 16707 6488
40 2400 0375 569 3.75 8.0 19204 8985
50 3000 0375 569 3.35 7.1 21444 11225
60 3600 0375 569 295 6.3 22660 12441
90 5400 0375 569 220 4.7 25349 15130
120 7200 0375 569 1.75 3.7 26885 16666
Cumulative exfiltration Well Over %
Tc Q Dischg flow Retention
min sec cfs vol cf
0 0

10 600 3.34 2005 100.00%
15 900 3.34 3008 -3008 100.00%
20 1200 3.34 4011 ~787 100.00%
30 1800 3.34 6016 472 100.00%
40 2400 3.34 8021 963 89.28%
50 3000 3.34 10027 1198 89.32%
60 3600 3.34 12032 409 96.71%
90 5400 3.34 18048 -2918 119.29%
120 7200 3.34 24064 —~7398 144.39%

CUMULATIVE INFLOW-OUTFLOW

VOLUME (CUBIC FEET)
Thousands

0 200 40 60 80 100 120 140
TIME (MIN)



DRAINAGE CALCULATIONS APPENDIXE

Worksheet 2 PAGE OF
STORM WATER MASTER PLAN
VILLAGE OF KEY BISCAYNE WHS NO: 3225.00

FILE:

BY: tMB CHK: JD
DATE: 8—23-93
REV:

DRAINAGE WELL FLOW CALCULATIONS
FOR DRAINAGE WELL DESIGN

Sample for Drainage Basin 1

1) Q=CciA
WHERE:
¢ = coefficient of runoff
i = intensity for a 5 year frequency
A = Basin Area = 5.69 acres

2) inflow = Q x time = ciAt(60) (Sample Basin 1)
c for an 80 ft section shown in Exhibit 1.9
where ¢ = .2 pervious and .9 impervious
c = 20(.9) + 60(.2) / (20+60) = .375
.375(i)(5.69)t(60) = 128.03 it
3) Adijusted inflow = inflow — system storage = infl — 10219cf
4) Well discharge = 1 well @ 1500 gmp
Discharge Rate = (1*1500) / (60*7.48) = 3.34 cfs
Discharge Volume = rate(t)60 = 3.34(t)60 = 200.4 t
5) Overflow = Adjusted Inflow — Well discharge

6) % Retention = Well Discharge/ Adj. inflow



DRAINAGE CALCULATIONS
Worksheet 2
STORM WATER MASTER PLAN

VILLAGE OF K _

Drainage Basin:
Storage Swale Vol
from Worksheet 1

Each Drainage Well
assumed exfil flow

Cumulativelnflow Q = ciA

APPENDIX E

PAGE

OF

WHS NO: 3225.00

FILE:

BY: LMB CHK JVD

DATE: 8—23-93

REV:

Tc c A i Q Vol Adjusted
min sec acres in/hr cfs cf inflow
0 0 0
10 600 0.375 51 680 130 7803 0
15 900 0.375 51 58 112 10069 0
20 1200 0.375 51 525 100 12049 2430
30 1800 0.375 51 435 8.3 14975 5356
40 2400 0.375 51 3.75 7.2 17213 7594
50 3000 0.375 51 3.35 6.4 19221 9602
60 3600 0.375 51 295 5.6 20311 10692
90 5400 0.375 51 220 4.2 22721 13102
120 7200 0.375 5.1 1.75 3.3 24098 14479
Cumulative exfiltration Well Over %
Tc Q Dischg flow Retention

min sec cfs vol cf

0 0
10 600 3.34 2005 100.00%
15 900 3.34 3008 —3008 100.00%
20 1200 3.34 4011 —1581 100.00%
30 1800 3.34 6016 —660 100.00%
40 2400 3.34 8021 —428 105.63%
50 3000 3.34 10027 —425 104.43%
60 3600 3.34 12032 —1340 112.54%
90 5400 3.34 18048 —4947 137.76%
120 7200 3.34 24064 —9586 166.21%

25

[
<

[y
o

VOLUME (CUBIC FEET)
Thousands
w 9

<

CUMULATIVE INFLOW-OUTFLOW

L

40 60 80
TIME (MIN)

100 120 140



DRAINAGE CALCULATIONS APPENDIX E
Worksheet 2

STORM WATER MASTER PLAN PAGE OF
VILLAGE OF KEY BISCAYNE WHS NO: 3225.00
Drainage Basin: ' ; : FILE: AREA

Storage Swale Volume BY: LMB CHK: JVD
from Worksheet 1 72931 | cf DATE: 8—23—93

Each Drainage Well REV:
assumed exfil flow £

Cumulativelnflow Q = ciA

Tc c A i Q Vol Adjusted
min sec acres in/hr cfs cf inflow
0 0 0
10 600 0375 3123 6.80 796 47782 0
15 900 0375 3123 585 685 61660 0
20 1200 0375 3123 525 615 73781 850
30 1800 0375 3123 435 509 91699 18768
40 2400 0375 3123 375 439 105401 32470
50 3000 0375 3123 335 392 117698 44767
60 3600 0375 3123 295 345 124373 51442
90 5400 0375 3123 220 258 139130 66199
120 7200 0375 3123 1.75 205 147562 74631
Cumulative exfiltration Well Over %
Tc Q Dischg flow Retention
min sec cfs vol cf
0 0

10 600 10.03 6016 100.00%
15 900 10.03 9024 —-9024 100.00%
20 1200 10.03 12032 -11182 100.00%
30 1800 10.03 18048 720 100.00%
40 2400 10.03 24064 8406 74.11%
50 3000 10.03 30080 14687 67.19%
60 3600 10.03 36096 15346 70.17%
90 5400 10.03 54144 12054 81.79%
120 7200 10.03 72193 2438 96.73%

CUMULATIVE INFLOW-OUTFLOW

200

150

VOLUME (CUBIC FEET)
Thousands
“ >
(=1 >

100 120 140

40 60 80
TIME (MIN)



DRAINAGE CALCULATIONS APPENDIXE

Worksheet 2 PAGE OF
STORM WATER MASTER PLAN
\'4l LLAGE OF K SCAYNE WHS NO: 3225.00
Storage Swale Volume BY: LMB CHK:JD

from Worksheet 1 ol cf DATE: 8—23—93
Each Drainage Well REV:
assumed exfil flow 1

Cumulativelnflow Q = ciA

Tc c A i Q Vol Adjusted
min sec acres in/hr cfs cf inflow
0 0 0
10 600 0375 3123 6.80 79.6 47782 0
15 900 0375 3123 585 685 61660 0
20 1200 0375 3123 525 615 73781 850
30 1800 0375 3123 435 509 91699 18768
40 2400 0375 3123 3.75 439 105401 32470
50 3000 0375 3123 3.35 392 117698 44767
60 3600 0375 3123 295 345 124373 51442
90 5400 0375 3123 220 258 139130 66199
120 7200 0375 3123 1.75 205 147562 74631
Cumulative exfiltration Well Over %
Tc Q Disch flow Retention

min sec cfs vol cf

0 0
10 600 11.14 6684 100.00%
15 900 11.14 10027 —-10027 100.00%
20 1200 11.14 13369 —-12519 100.00%
30 1800 11.14 20053 —1285 100.00%
40 2400 11.14 26738 5732 82.35%
50 3000 11.14 33422 11345 74.66%
60 3600 11.14 40107 11336 77.96%
90 5400 11.14 60160 6038 90.88%
120 7200 11.14 80214 —-5583 107.48%

CUMULATIVE INFLOW-OUTFLOW

200

150

30 r

VOLUME (CUBIC FEET)
Thousands
-t
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0 20 40 _ 60 §0 100 120 140
TIME (MIN)



DRAINAGE CALCULATIONS APPENDIX E
Worksheet 2
STORM WATER MASTER PLAN PAGE OF
VILLAGE OF KEY BISCAYNE WHS NO: 3225.00
Drainage Basin: . | 8123 FILE: AREADR3C.WK3
Storage Swale Volume BY: LMB CHK: JVD
from Worksheet 1 | 72931 | cf DATE: 8—23-93
Each Drainage Well REV:
assumed exfil flow

5] gom

Cumulativeinflow Q = ciA

Tc c A i Q Vol Adjusted
min sec acres in/hr cfs cf inflow
0 0 0
10 600 0375 3123 6.8 796 47782 0
15 900 0.375 3123 585 685 61660 0
20 1200 0375 3123 525 615 73781 850
30 1800 0.375 3123 435 509 91699 18768
40 2400 0.375 3123 375 439 105401 32470
50 3000 0375 3123 335 392 117698 44767
60 3600 0375 3123 295 345 124373 51442
90 5400 0.375 3123 220 258 139130 66199
120 7200 0.375 3123 1.75 205 147562 74631
Cumulative exfiltration Well Over %
Tc Q Dischg flow Retention

min sec cfs vol cf

0 0
10 600 13.37 8021 100.00%
15 900 13.37 12032 —-12032 100.00%
20 1200 13.37 16043 -15193 100.00%
30 1800 13.37 24064 —5296 100.00%
40 2400 13.37 32086 385 98.82%
50 3000 13.37 40107 4660 89.59%
60 3600 13.37 48128 3314 93.56%
90 5400 13.37 72193 —5994 109.05%
120 7200 13.37 96257 —21626 128.98%

CUMULATIVE INFLOW-OUTFLOW

200

150 |

VOLUME (CUBIC FEET)
Thousands
“ >
[~ [~

0 20 40 60 80 100 120 140
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DRAINAGE CALCULATIONS APPENDIX E
Worksheet 2

STORM WATER MASTER PLAN PAGE OF

VILLAGE OF KEY BISCAYNE WHS NO: 3225.00

Drainage Basin: m FILE: AREADRAA WK3

Storage Swale Volume: BY: LMB CHK: JVD

from Worksheet 1 DATE: 8—23—93
Each Drainage Well REV:
assumed exfil flow
Cumulativeinflow Q = ciA
Tc c A i Q Vol Adjusted
min sec acres in/hr cfs cf inflow
0 0 0
10 600 0.375 56 6.80 143 8568 0
15 900 0.375 56 58 123 11057 0
20 1200 0.375 56 525 110 13230 2730
30 1800 0.375 56 4.35 9.1 16443 5943
40 2400 0.375 56 3.75 7.9 18900 8400
50 3000 0.375 56 3.35 7.0 21105 10605
60 3600 0.375 56 295 6.2 22302 11802
90 5400 0.375 56 220 4.6 24948 14448
120 7200 0.375 56 1.75 3.7 26460 15960
Cumulative exfiltration Well Over %
Tc Q Dischg flow Retention
min sec cfs vol cf
0 0
10 600 3.34 2005 100.00%
15 900 3.4 3008 -3008 100.00%
20 1200 3.34 4011 —-1281 100.00%
30 1800 3.34 6016 -73 100.00%
40 2400 3.34 8021 379 95.49%
50 3000 3.34 10027 578 94.55%
60 3600 3.34 12032 —230 101.95%
90 5400 3.34 18048 —-3600 124.92%
120 7200 3.34 24064 —-8104 150.78%

CUMULATIVE INFLOW-OUTFLOW

VOLUME (CUBIC FEET)
Thousands

100 120 140

0 20 40

60 80
TIME (MIN)



DRAINAGE CALCULATIONS APPENDIX E
Worksheet 2

STORM WATER MASTER PLAN PAGE OF

VILLAGE OF KEY BISCAYNE WHS NO: 3225.00

Drainage Basin: : 41 FILE: AREADI
Storage Swale Volume BY: LMB CHK JVD

from Worksheet 1 DATE: 8—23-93
Each Drainage Well REV:
assumed exfil flow 1 |well(s)
Cumulativelnflow Q = ciA
Tc c A i Q Vol Adjusted
min sec acres in/hr cfs cf inflow
0 0 0
10 600 0375 4.41 6.80 11.2 6747 0
15 900 0375 4.41 5.85 9.7 8707 0
20 1200 0.375 4.41 5.25 8.7 10419 1513
30 1800 0.375 4.41 4.35 7.2 12949 4043
40 2400 0.375 4.41 3.75 6.2 14884 5978
50 3000 0375 4.41 3.35 5.5 16620 7714
60 3600 0.375 4.41 2.95 4.9 17563 8657
90 5400 0.375 4.41 2.20 3.6 19647 10741
120 7200 0375 4.41 1.75 2.9 20837 11931
Cumulative exfiltration Well Over %
Tc Q Dischg flow Retention
min secC cfs vol cf
0 0
10 600 3.34 2005 100.00%
15 900 3.34 3008 —-3008 100.00%
20 1200 3.34 4011 —2498 100.00%
30 1800 3.34 6016 -1973 100.00%
40 2400 3.34 8021 —-2044 134.19%
50 3000 3.34 10027 -2313 129.98%
60 3600 3.34 12032 -3375 138.99%
90 5400 3.34 18048 —7308 168.04%
120 7200 3.34 24064 -12133 201.69%

CUMULATIVE INFLOW-OUTFLOW

[ W
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DRAINAGE CALCULATIONS APPENDIX E
Worksheet 2

STORM WATER MASTER PLAN PAGE OF

VILLAGE OF K SCAYNE WHS NO: 3225.00

Drainage Basin: | 2295 FILE: A
Storage Swale Volume BY: LMB CHK: JVD

DATE: 8—23-93
REV:

from Worksheet 1
Each Drainage Well
assumed exfil flow

Cumulativelnflow Q = ciA

Tc c A i Q Vol Adjusted
min sec acres in/hr cfs cf inflow
0 0 0
10 600 0375 2295 6.80 585 35114 0
15 900 0375 2295 585 503 45312 0
20 1200 0375 2295 525 452 54219 4194
30 1800 0375 2295 435 374 67387 17362
40 2400 0375 2295 375 323 77456 27431
50 3000 0375 2295 335 288 86493 36468
60 3600 0375 2295 295 254 91398 41373
90 5400 0375 2295 220 189 102242 52217
120 7200 0375 2295 175 151 108439 58414
Cumulative exfiltration Well Over %
Tc Q Dischg flow Retention
min sec cfs vol cf
0 0

10 600 11.14 6684 100.00%
15 900 11.14 10027 —-10027 100.00%
20 1200 11.14 13369 -9175 100.00%
30 1800 11.14 20053 —2692 100.00%
40 2400 11.14 26738 693 97.47%
50 3000 11.14 33422 3045 91.65%
60 3600 11.14 40107 1266 96.94%
90 5400 11.14 60160 —7943 115.21%
120 7200 11.14 80214 —-21800 137.32%

CUMULATIVE INFLOW-OUTFLOW
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100
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DRAINAGE CALCULATIONS APPENDIX E

Worksheet 2
STORM WATER MASTER PLAN PAGE OF
VILLAGE OF KEY BISCAYNE WHS NO: 3225.00
Drainage Basin:___ 6 | 22.95] acres FALE: AREA

Storage Swale Volum

from Worksheet 1 cf DATE; 8~23-93

Each Drainage Well REV:
assumed exfil flow 00| gpm |well(s)
Cumulativelnflow Q = ciA
Tc c A i Q Vol Adjusted
min sec acres in/hr cfs cf inflow
0 0 0
10 600 0375 2295 680 585 35114 0
15 900 0375 2295 585 503 45312 0
20 1200 0375 2295 525 452 54219 4194
30 1800 0375 2295 435 374 67387 17362
40 2400 0375 2295 375 323 77456 27431
50 3000 0375 2295 335 288 86493 36468
60 3600 0375 2295 295 254 91398 41373
90 5400 0375 2295 220 189 102242 52217
120 7200 0375 2295 1.75 151 108439 58414
Cumulative exfiltration Well Over %
Tc Q Dischg flow Retention
min sec cfs vol cf
0 0
10 600 10.03 6016 100.00%
15 900 10.03 9024 —-9024 100.00%
20 1200 10.03 12032 —7838 100.00%
30 1800 10.03 18048 —686 100.00%
40 2400 10.03 24064 3367 87.73%
50 3000 10.03 30080 6388 82.48%
60 3600 10.03 36096 5277 87.25%
90 5400 10.03 54144 —-1927 103.69%
120 7200 10.03 72193 —-13779 123.59%

CUMULATIVE INFLOW-OUTFLOW
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100
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Thousands
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DRAINAGE CALCULATIONS APPENDIX E

Worksheet 2
STORM WATER MASTER PLAN PAGE OF
VILLAGE OF KEY BISCAYNE WHS NO: 3225.00
Drainage Basin: B7 FILE: ARE)

Storage Swale Volume BY: LMB CHK: JVD

from Worksheet 1 1 cf DATE: 8—23-93
Each Drainage Well | REV:

assumed exfil flow 000 !

I'e
o |

Cumulativelnflow Q = ciA

Tc c A i Q Vol Adjusted
min sec acres in/hr cfs cf inflow
0 0 0
10 600 0.375 2387 680 609 36521 0
15 900 0375 2387 585 524 47128 0
20 1200 0375 2387 525 470 56393 7268
30 1800 0.375 2387 435 389 70088 20963
40 2400 0.375 2387 375 336 80561 31436
50 3000 0.375 2387 335 300 89960 40835
60 3600 0375 2387 295 264 95062 45937
90 5400 0.375 2387 2.20 19.7 106341 57216
120 7200 0375 2387 1.75 157 112786 63661
f c= A- &
Cumulative exfiltration Well Over %
Tc Q Dischg flow Retention

min sec cfs vol cf

0 0
10 600 11.14 6684 100.00%
15 900 11.14 10027 —-10027 100.00%
20 1200 11.14 -13369 —-6101 100.00%
30 1800 11.14 20053 910 100.00%
40 2400 11.14 26738 4698 85.05%
50 3000 11.14 33422 7413 81.85%
60 3600 11.14 40107 5830 87.31%
90 5400 11.14 60160 —2945 105.15%
120 7200 11.14 80214 —16553 126.00%

CUMULATIVE INFLOW-OUTFLOW
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DRAINAGE CALCULATIONS APPENDIX E
Worksheet 2

STORM WATER MASTER PLAN PAGE OF
VILLAGE OF KEY BISCAYNE WHS NO: 3225.00
Drainage Basin: : FILE: o

Storage Swale Volume g iy BY: IMB CHK: M

from Worksheet 1 DATE: 8-23-93
Each Drainage Well REV:
assumed exfil flow
Cumulativelnflow Q = ciA
Te c A i Q Vol Adjusted
min sec acres in/hr cfs cf inflow
0 0 0
10 600 0.375 2387 6.80 60.9 36521 0
15 900 0.375 2387 585 524 47128 0
20 1200 0375 2387 525 470 56393 7268
30 1800 0.375 2387 435 389 70088 20963
40 2400 0375 2387 375 336 80561 31436
50 3000 0375 2387 335 300 89960 40835
60 3600 0375 2387 295 264 95062 45937
90 5400 0375 2387 220 19.7 106341 57216
120 7200 0375 2387 1.75 157 112786 63661
Cumulative exfiltration Well Over %
Tc Q Dischg flow Retention
min sec cfs vol cf
0 0
10 600 10.03 6016 100.00%
15 900 10.03 9024 —9024 100.00%
20 1200 10.03 12032 —4764 100.00%
30 1800 10.03 18048 2915 100.00%
40 2400 10.03 24064 7372 76.55%
50 3000 10.03 30080 10755 73.66%
60 3600 10.03 36096 9841 78.58%
90 5400 10.03 54144 3071 94.63%
120 7200 10.03 72193 —8532 113.40%

CUMULATIVE INFLOW-OUTFLOW

120

100 +

Qo
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Thousands
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DRAINAGE CALCULATIONS APPENDIX E

Worksheet 2
STORM WATER MASTER PLAN PAGE OF
VILLAGE OF KEY BISCAYNE WHS NO: 3225.00

Drainage Basin: 7 FILE: AREADRC.
Storage Swale Volume BY: LMB CHK: JVD

from Worksheet 1 DATE: 8—23-93
Each Drainage Well REV:
assumed exfil flow
Cumulativelnflow Q = ciA
Tc c A i Q Vol Adjusted
min sec acres in/hr cfs cf inflow
0 0 0
10 600 0375 2387 6.80 609 36521 0
15 900 0375 2387 585 524 47128 0
20 1200 0375 2387 525 470 56393 7268
30 1800 0375 2387 435 389 70088 20963
40 2400 0375 2387 375 336 80561 31436
50 3000 0375 2387 3.35 300 89960 40835
60 3600 0375 2387 295 264 95062 45937
90 5400 0375 2387 220 19.7 106341 57216
120 7200 0375 2387 175 157 112786 63661
Cumulative exfiltration Well Over %
Tc Q Dischg flow Retention
min sec cfs vol cf
0 0
10 600 13.37 8021 100.00%
15 900 13.37 12032 —-12032 100.00%
20 1200 13.37 16043 —-8775 100.00%
30 1800 13.37 24064 -3101 100.00%
40 2400 13.37 32086 —649 102.07%
50 3000 13.37 40107 728 98.22%
60 3600 13.37 48128 —-2191 104.77%
90 5400 13.37 72193 —-14977 126.18%
120 7200 13.37 96257 —32596 151.20%

CUMULATIVE INFLOW-OUTFLOW
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DRAINAGE CALCU{ATIONS APPENDIX E
Worksheet 2

STORM WATER MASTER PLAN PAGE OF

VILLAGE OF K SCAYNE WHS NO: 3225.00

Drainage Basin: | 1922 FILE:
Storage Swale Volume BY: LMB CHK JVD

from Worksheet 1 cf DATE: 8-23—93

Each Drainage Well . . REV:

assumed exfil flow

Cumulativelnflow Q = ciA

Tc c A i Q Vol Adjusted
min sec acres in/hr cfs cf inflow
0 0 0
10 600 0375 1922 6.80 49.0 29407 0
15 900 0375 1922 585 422 37947 0
20 1200 0375 1922 525 378 45407 1232
30 1800 0375 1922 435 314 56435 12260
40 2400 0375 1922 375 27.0 64868 20692
50 3000 0375 1922 335 24.1 72435 28260
60 3600 0375 1922 295 21.3 76544 32369
90 5400 0375 1922 220 159 85625 41450
120 7200 0375 1922 175 126 90815 46640
Cumulative exfiltration Well Over %
Tc Q Dischg flow Retention
min sec cfs vol cf
0 0

10 600 6.68 4011 100.00%
15 900 6.68 6016 —6016 100.00%
20 1200 6.68 8021 —6789 100.00%
30 1800 6.68 12032 228 100.00%
40 2400 6.68 16043 4650 77.53%
50 3000 6.68 20053 8207 70.96%
60 3600 6.68 24064 8304 74.34%
90 5400 6.68 36096 5354 87.08%
120 7200 6.68 48128 —1489 103.19%

100 CUMULATIVE INFLOW—-OUTIFLOW

90
80
70
60
50
40
30
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Thousands
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DRAINAGE CALCULATIONS APPENDIX E
Worksheet 2

STORM WATER MASTER PLAN PAGE OF

VILLAGE OF KEY BISCAYNE WHS NO: 3225.00

Drainage Basin: | 1922 FILE: AREADRSB.WKS
Storage Swale Volume BY: LMB CHK JVD

DATE: 8—-23-93
REV:

from Worksheet 1
Each Drainage Well
assumed exfil flow

Cumulativelnflow Q = ciA

Tc c A i Q Vol Adjusted
min sec acres in/hr cfs cf inflow
0 0 0
10 600 0.375 1922 6.80 490 29407 0
15 900 0.375 1922 585 422 37947 0
20 1200 0.375 1922 525 378 45407 1232
30 1800 0375 1922 435 314 56435 12260
40 2400 0.375 19.22 3.75 27.0 64868 20692
50 3000 0375 1922 335 241 72435 28260
60 3600 0375 1922 295 213 76544 32369
90 5400 0375 1922 220 159 85625 41450
120 7200 0375 1922 1.75 126 90815 46640
Cumulative exfiltration Well Over %
Tc Q Dischg flow Retention
min sec cfs vol cf
0 0

10 600 11.14 6684 100.00%
15 900 11.14 10027 —-10027 100.00%
20 1200 11.14 13369 —-12137 100.00%
30 1800 11.14 20053 —7794 100.00%
40 2400 11.14 26738 —6045 129.22%
50 3000 11.14 33422 —-5162 118.27%
60 3600 11.14 40107 —7738 123.91%
90 5400 11.14 60160 —-18710 145.14%
120 7200 11.14 80214 —33574 171.99%

CUMULATIVE INFLOW-OUTFLOW

100
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Thousands
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Appendix F

Preliminary Estimate of
Construction Costs
Basin Alternatives with Pump Stations
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Appendix G

Sewered Areas within the
Village of Key Biscayne
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METROPOLITAN DADE COUNTY, FLORIDA
ENVIRONMENTAL RESOURCES MANAGEMENT
111 NW 1slL STREET

SUITE 1310

METRO DADE
— MIAMI, FLORIDA 33128-1971
(305) 375-DERM

ENVIRONMENTAL REVIEW OF DRAINAGE SYSTEM

(3 REVIEW FOR COMPULIANCE TO DADE COUNTY AQUIFER PROTECTION REQUIREMENTS.

[0 PROVIDE OIL & GREASE INTERCEPTOR © ALL CATCH BASINS PRECEDING FRENCH DRAIN AS
PER ATTACHED STD. DET. BELOW.

[J PROVIDE OIL & GREASE INTERCEPTORS AT STRUCTURE NO.

[J ALL FRENCH DRAINS TO HAVE INVERT OF PERFORATED PIPE MIN. ELEVATION OF OCTOBER
GROUND WATER LEVEL OF NGVD. OR HIGHER.

(J REVIEW FOR COMPLIANCE W/SECTION 24-12.1 Of THE METRO DADE COUNTY CODE.

O COMMENTS:

DRY EXFILTRATION SYSTEM IN PAVED AREA
MiN, S2L CATCH BASN
OF LR, RN ORCEUNY

NS PER APPUCABLE S.0. U, 10
‘-‘\\i O PXD. WANUAL RIER &
i QEMOUT COVR

BAFFIE

rund Ee—==—== =3 N ST cATcH BASN | ESSN——— |
TYPL P W/ ON[ TLE PER SD. 26 ALTERNATE "A”
TYPC § W/ 2 TLES OR LARGER. REINFCRCLUENT

AF TAl

TYPICAL CATCH BASIN  REOUREO AT AL
ALTERNATE 8"

TYPE P FOR ONE TEE et
TYPE J FOR 2 TEES S

PR APPLICARE SD. BRICK 10 CRADE
- o PND. WM\ 222 BY CONIRACIOR
— 10 W"'u\ MIN. SZ0 CATCH BASIN
Trhoval or & n “""v&. s | |/PER ST 0L SD. 26 08 SO0 PLATE O
6 2.5° . wop to 1o | LARGER. MN. 42° DIA. OR
% i [mo RiuovaBLE SCREws - | =T ~ SOUARE FOR ONE BATFLE 10P OF BAFFLE
-—— —— AND MIN. S4° SOUARL
= - BATLL F
, T — ]4_'2 | fher [T g rono e e
- = ' RETARDANT
Cow WoRTH| SCENOTE & (e BASH (1R8) (w:gﬂov'zu "
WATER LLVEL ~|H- 5 un. se. e : GLAR
- - T 7-0° Suwp | S NEOPRENE GASKET :
7 J E.__—Tll‘ml._—’ MOUNTED ON WALL
M

CATCH BASIN
GREASE & OIL SEPARATOR

(WITH SEEPAGE HOLE AT BOTTOM)
PRECEDING FRENCH DRAIN

TWO (2) TEES AS SHOWN IF F.D. AT BOTH SIDES OF STRUCTURE
NOTES:
1 — ABOVE STRUCTURE TYPE "P" S.D. 2.6 IS RECOMMENDED FOR SMALL DRAINAGE AREAS
LESS THAN 0.20 ACRE PER CATCH BASIN.
2 — FOR DRAINAGE AREAS EQUAL TO OR GREATER THAN 0.20 BUT NOT EXCEEDING .3

ACRE PROVIDE TYPE "J° AS PER S.D. 2.6 STRUCTURES,

3 — ALL INVERTS OF PERFORATED PIPES TO BE AT OCTOBER WATER TABLE.

4 — WHEN PRETREATMENT IS REQUIRED IN A DRY EXFILTRATION SYSTEM, IF GRADE
CONDITION ON SITE IS SUCH THAT THE INVERT OF THE NON PERFOFATED PIPE LEAVING
THE CATCH BASIN IS BELOW THE OCTOBER GROUND WATER LEVEL; A TRANSITION IS
REQUIRED FROM THIS INVERT ELEVATION TO THE INVERT OF THE PERFORATED PIPE.

5 = ALL OTHER 'ALTERNATIVES TO THE—ABOVE OIL & GREASE INTERCEPTORS MUST BE
REVIEWED AND APPROVED B8Y D.E.R.M. PRIOR TO ISSUANCE OF A CONSTRUCTION PERMIT

% WILLIAMS, HATFIELD & STONER, INC. TYPICAL
NO REPRODUCTION WITHOUT PERMISSION g CATCH BASIN
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EEEESESEEEEEEEm) ( o
COMPACTED 5
] ¢ FILL 3
% % COMPACTED FILL FINE GRADED N 5
FILL N L] TRENCH LINER > 2>
NPg L SEE NOTE NO.5 s %z
% %3 . © g2
4 R ) 2o
/’/ ? K Y B £ _‘I_
L % I !
Y4 /. G ] |
& & & ] ]
1'—6"MIN. - Y- - 4
4. & Y & <
¢ *7 S
1'-0" ‘ =
MIN. 4-0 ol
_ <85y 7 CLOSED PIPE
i 4§ 3/4"WASHED ROCK 30"
- e & 8.
O0R| -iine ...
-4 /
3-No4 BARS
SECTION END VIEW OF TRENCH
1 DRAIN FIELD MAY BE OF SLOTTED CONCRETE PIPE OR PERFORATED METAL PIPE.
2. PIPES SHALL TERMINATE 2 FEET FROM END OF TRENCH OR CONNECT TO ADDITIONAL CATCH BASINS AS REQUIRED.
3. COVER PIPE ENDS WITH NO.10 GALVANIZED OR ALUMINUM SCREEN. OPENING SHALL BE NO LARGER THAN 1/2" x 1/2".
4. BALLAST ROCK SHALL BE FROM FRESH WATER WASHED FREE OF DELETERIOUS MATTER.
5. SIDES AND TOP OF TRENCH SHALL BE LINED WITH A PLASTIC BLANKET (GEOTEXTILE FABRIC) AND SAHLL COMPLY
WITH F.D.0.T. "STANDARD SPECIFICATIONS FOR ROAD AND BRIDGE CONSTRUCTION" AND SECTION 985, 1986 EDITION
#t‘\éwm_mms, HATFIELD & STONER, INC. FRENCH DRAIN
NO REPRODUCTION WITHOUT PERMISSION
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