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INTRODUCTION

The rapid development of the metropolitan Orlando area in
the last 15 years has caused an increasing demand for water.

This demand is expected to continue in the future. Almost all of
the water used for public, industrial, and irrigation supplies is
derived from the lower permeable zone of the Floridan aquifer.
Potential ground water quality problems lie in the future for
this urbanizing area if this resource is not properly managed.
The water quality effects resulting from the disposal of
stormwater directly into the upper permeable zone of the Floridan
aquifer through drainage wells and the possibility of saltwater
upconing under deep wells which pump large quantities of water
from the lower permeable zone of the Floridan aquifer are
excellent examples.

Presently, there is no monitor well network from which data
can be collected to evaluate the impacts of withdrawals from the
lower permeable zone of the Floridan aquifer. This report
proposes a network of deep monitoring wells in the Orlando and
Winter Park area. Such a network will provide the means to
monitor water quality and potentiometric surface fluctuations of
the lower permeable zone of the Floridan aquifer and the

freshwater/saltwater interface in this area.

PURPOSE AND SCOPE

The purpose and scope of this project is to design an

observation well network to monitor fluctuations in the



potentiometric surface of the lower permeable zone of the
Floridan aquifer and to monitor the location of the

freshwater/saltwater interface under this lower permeable zone in

the study area. The network design includes monitoring well site

locations, drilling prioritization, and well design.



OBJECTIVES

The principle objective of the evaluation presented in this

report is the design of a deep monitor well network which will

address the following water management concerns:

1.

Monitoring the potentiometric surface fluctuations in
the upper and lower permeable zones of the Floridan
aquifer, and the position of the freshwater/saltwater
interface, in a monitoring cluster well network, will
lead to a better understanding of the hydrogeologic
sytem in the Orlando-Winter Park area.

A more complete ground water monitoring network of the
hydrogeologic system will help to prevent the occurence
of adverse effects such as overpumping the aguifer which
may result in local upconing of the freshwater/saltwater
interface.

Monitoring the head-difference between the
potentiometric surfaces of the upper and lower permeable
zones of the Floridan aquifer will aid in estimating the
recharge rate from the upper permeable zone to the lower
permeable zone.

Water quality monitoring at selected sites may be used
to evaluate potential movement of pollutants originating
from street runoff removed by drainage wells from land
surface to the upper permeable zone of the Floridan
aquifer.

Data originating from the deep monitor well network will

be beneficial in assessing proposed future withdrawal



sites and the need for additional deep monitor well
locations associated with these sites.

In order to accomplish the principle objective, water use
data and available hydrogeologic data were evaluated. Based on
the review and evaluation of this data, a deep monitor well
network will be designed. This network will consist of a series
of deep test wells to be drilled at strategic locations. Each

well, upon completion, will be converted to a monitor well.



METHODOLOGY

A nine township area (324 square miles) around Orlando and
Winter Park, including a portion of southern Seminole County was
delineated as the study area (Figure 1). The hydrogeology of the
study area was evaluated based on available well construction,
pumpage and water quality data collected from the files of the U.
S. Geological Survey (USGS), Bureau of Geology, Department of
Environmental Regulation, Orlando Utilities Commission, Orange
County Department of Public Utilities (OCDPU), Winter Park
Utilities and the St. Johns River Water Management District.
Construction and location data for 412 drainage wells was also
collected.

A base map of the study area was divided into nine 6 x 6
grid squares resembling townships. This grid was then overlaid
with the locations of abandoned OCDPU water plant sites, existing
upper and lower permeable zone USGS observation well sites,
drainage well sites discharging only into the upper zone and
drainage wells discharging into upper and lower permeable zones
of the Floridan aquifer, number of drainage wells per grid square
in the direction of ground water flow in the upper zone, grids
showing the number of lower zone production wells, the locations
of significant ground water withdrawals, and equal depth to base

(250 mg/liter Cl content) of potable water. For each map, the



R28E R29E R30E

DR

NCH L { oron L e gy
y @ C 4 ."“ ,..\..n.u-\m:
B o> P LAY
LN L ; RS

i}
Dad . M".}_ i b / y ! g
utnn.m N rq 30 oo eeell - .';n:ozv‘l v-:u §

iJ 37 APORHA v 12, Sy o M) , T Pae b0

. Q7 N Fee hm a1 o~ " ! i .o i
Y man N E ) O (D) ) A 9 Tud
SHotLmTen a N VI IR . ; K. 2
s ase Lote 3 Sh3 h PR 4 -:“."LGE*P\ E : v Croa? ",,.-". f -1

1 ofuer ° ) 28 - Y W1 e Ly T ) 7 e Lk 7 g (it B2 ;

T218

£l
= . B2l
L 7 o V 2 €1 Y. BN v 72 Y 8
D AN — om 4xb0 ; x WiNTER A
- =g, ! [onanTio anza ' :
n,"" - '*Luf».'.'v'_;;n 3 Y Thiph e A O & $ ¢ U 5 YA
\-7‘-'0 ' ﬂ.TM"L.u’ 2 " M Ei l o\ e L 00 QN AT !IO
W)L,5 o 25 Crashad. 3 3 N Kuiomag. @ =
T - AP M 2 L Larel 2> ,
m & "m fl i s % vl D,
- s s o g / v s RS Lake
o
) 2 424A . Y
O IO = o e
N Puve - o o
= ,.m 3 ks, ';} l.-—a:.-‘ . o 24
g O S N .
Tzas X ; i ‘ P e N - RLANDO
a r Bl as, » g 7 eols) ORLA
wou 1§ % 0 /wmTed GanDin OCOSE [ 5 E 1 Pruggtiy
P Oy TRo ARea, o g Ty e ¥
i 5as die Pog sam e w| . rer) ©
sy s
500
. 18
Weml §aprononty
O (o) Faw ol
G b
e 7 w@,c,..
3 ¥ .o
o X ¥ >
W
=
A % u
) Wk
H MES e,
i VW) %
4
3 ¥ =1
T238 BELLE ESA T 1-f - =
L:;t "y 2 i‘.‘ml'_'.: a T- =

18 | 17 16 18 | 14 13

Figure 1 -- Copy of DOT maps showing nine

township area around Orlando
31 |32 | 33 |34 | 35| 36 and Winter Park in Orange and
Seminole Counties

30 | 28 28 | 27 | 26 | 25




areas defined by the grid system were assigned a numerical value
based upon the significance of the specific data mapped. Values
for the same individual grid area from each one of the maps were
then totaled to determine the priority and the location for

prospective observation well sites.



DATA EVALUATION

CURRENT MONITORING

Within the St. Johns River Water Management District, the
most widely utilized source of ground water is the Floridan
agquifer. A District-wide Floridan aquifer monitoring well
network of approximately 1,050 wells is maintained by the U.S.
Geological Survey in cooperation with St. Johns River Water
Management District. A listing of USGS observation well data
(Appendix A, Table 3) and well sites in the nine township area
are shown in Figure 2.

During recent years, monitoring of the lower permeable zone
of the Floridan aquifer has been performed by the U.S. Geological
Survey at five locations shown in Figure 3. However, monitoring
only the lower permeable zone does not provide enough information
concerning the position of the freshwater/saltwater interface
which is located below zones monitored by the USGS.

The approximate depth of the freshwater/saltwater interface
in the vicinity of Orlando is known at one location. At this
location, in 1977, a 6,193 ft. deep-injection test well (Sand
I.ake Road deep-injection test well, Figure 3) was drilled for
Orange County (Geraghty & Miller, Inc., 1977) on the site of the
sewage treatment plant. The well was cased to 2,420 feet below
land surface with the remaining portion left as open hole. The
chloride content in the well at 2,350 feet was 49.0 mg/liter and

at 2,395 feet, 65,000 mg/liter. After detailed testing, the



T218

T22S

T23S

R28E R29E R30E
[E dn AL
T = e
APDPKA
N
@
e
®
®
) enoifvu.s
) , =
®
ol o
AR
JY'J }Lﬂ‘-m\ N
b
®
ATl ;
o Y [
\ '/., 039 hh L—\P
® 5 o 1.
LL ; L ® E_J L—] j
v, . l\\l\t’ o
\\Q:d: y (]
® ™~
e o 2
\ e
N SLE
@
® \\ / ai\
° HANE
S
8 5 . 4 3 . 2 1
7 .8 i9 1011 12
18;17 18 15514:‘13
19 20 21 22 §23 : 24
30 | 290 | 28 127izs . 25 Figure 2 -- U.S.G.S. observation well sites of
; the upper permeable zone of the
31 | 32 | 33 | 34 ;as 3e Floridan aquifer, May 1983
I




T218

T228

T23S

10

R28E R29E R30E
| T T oo
. WIN S
. \\.\ L wkjl L ) If‘l
; ALTAM ﬂ7 YFJ//I ]
R S ) [ / |
AR 3 HJ‘\
\\ N [_!J T T
e |
. 1 | \
B f ¥
N EATOpVILE L ——
B et g ny
R4 \Y i I < 3 T
h | | u_
A 7["'\ BN WINTER PARK | 1)
M ';“L_-‘a w/
T 2N |5 |
P | ORLANDO L!_J |
0l ! i S
tg 4
N Ul .
| | P Wwon
\L,, n . :
by 5
/<
N T e ¢
\N \1 :
AN
6 5 4 ‘ 3 2 O Location of abandoned Orange County deep
B S B injection test well (6,193"')
7 .8 [ 9 [10 11 [ 12
15217L165:15*14_13
19%20 21;22‘23224
30 Ezg 28 | 27 26, 25 Figure 3 -- Sites of U.S.G.S. observation wells
+ ‘ monitoring the lower permeable zone
31 jazisa 34 | 35 | 36 of the Floridan aquifer, May 1983
|



well was determined to be unsuitable for injecting large
gquantities of treated sewage effluent due to low permeability and
was completed as an observation well monitoring the lower
permeable zone of the Floridan aquifer from 2,005 to 2,030 feet

in the annulus between the 32" and 12" casings.
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HYDROGEOLOGY

The Floridan aquifer in the Orlando and Winter Park area is
comprised of two distinct producing zones. The upper permeable
zone consists of cavernous Ocala and Avon Park limestones of late
and middle Eocene age, which extend from approximately 200 to 500
feet below land surface. Supply wells in this zone can yield
2,000 gpm or more (Unclesbay, 1946, p. 21; Lichtler, 1972, p. 31;
1968, p. 135). Withdrawals are generally limited to small public
supply and domestic wells because of high bacterial levels
(Schiner and German, 1983 p. 60). The lower permeable zone
consists of cavernous limestone and dolomite of the Lake City
limestone extending from about 1,000 to 1,300 feet. This zone
provides the majority of the municipal and public water supply in
the Orlando-Winter Park area. Between the two permeable zones,
limestone and dolomite of significantly lower permeability
extends between 500 to 1,000 feet and is considered to be a
confining unit, although some recharge may occur from the upper
zone to the lower zone. Below the lower permeable zone, water
becomes brackish. The exact depth and hydrologic characteristics
of the freshwater/saltwater interface are unknown in the vicinity
of large withdrawals. The approximate depth to the base of

potable water in the Floridan aguifer is shown in Figure 4.

12
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In cooperation with the Orange County Division of Public
Utilities (OCDPU), an inventory of wells at abandoned water
plants was made. Available wells were geophysically logged in
order to collect well construction, geologic, and hydrologic
information. This information is included as Appendix A and B.
Figure 5 shows the sites of abandoned water plants.

Table 1 contains a summary of the hydrogeologic
characteristics of the formations penetrated by water wells in
Orange County, and Figure 6 illustrates a generalized geological

cross section in the Orlando and Winter Park area.

DRAINAGE WELLS

The topography of the Orlando and Winter Park area can be
characterized by numerous small drainage basins and closed
depressions which provide little or no drainage. Therefore, a
major portion of the study area was historically subject to
periodic flooding after heavy rainstorms. As land development
increased and the area became more urbanized, it became
imperative to augment surface drainage. It was realized that
water wells tapping the Floridan aguifer exhibited water levels
which were much lower than the surface water elevations of the
lakes in the area. This condition allowed for the gravity
drainage of excess surface water by wells drilled into the
Floridan aquifer. These wells are known as drainage wells. By

the early 1960s hundreds of

14
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91

Table 1. Summary of the properties of the geologic formation penetrated by water wells in Orange County, Florida
(Adapted fram Lichtler ard others, 1968, p. 16).

Thickness Decription of Water-bearing

Series Formation Name in feet Materal Properties Aquifer
Holocene and Undifferentiated, 0-200 Mostly quartz sand Varies widely in Nomartesian
Pleistocene may include with varying amounts quantity and quality of

Caloosahatchee of clay and shell. water produced.
Miocene Hawhtorn 0-200 Gray—-green, clayey, Generally inpermesble Shallow artesian,
Farmation quartz sarnd arnd except for limestone, lower limestone
silt; phosphatic shell, or gravel beds., beds may be part
sand; ard buff, of Floridan
impure, phosphatic Aqui fer.

limestone, mostly
in lower part.

Ocala Limestone 0~-125 Cream to tan, fine, Moderately high trans— Floridan
soft to medium hard, missivity, most wells
granular, porous, also penetrate under-
sametimes dolanite lying formations.
limestone.
Eocene Avon Park 400-600 Upper section mostly Overall transmissivity Floridan
Limestone cream to tan, very high, contains many
granular porous interoonnected solution

limestone. Lower cavities. Many large
section mostly dense, capacity wells draw water
hard, brown, fram this formation.
crystalline dolamite.

Lake City More than Dark brown crystal- Similar to Avon Park Floridan
Limestone than line layers of Limestone. Municipal

700 dolanite alternmat- supply of cities of

total ing with chalky Orlando and Winter

fossiliferous layers Park obtained fram
of limestone this formation.
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drainage wells were being used for disposing various types of
surface runoff.

Orange County has 412 known drainage wells. Figure 7 shows
the construction of two typical drainage wells. Data pertaining
to these drainage wells is on file with the U.S. Geological
Survey (Kimrey, 1978, 1979, 1984). Of these wells, 22 are not in
use and six are outside the study area. Drainage wells not in
use are either clogged, filled, plugged, capped, destroyed, or
abandoned. Therefore, at present, 374 active drainage wells are
within the project boundaries. Drainage wells can be categorized
into groups based on the type of water received:

1. industrial waste from citrus processing plants,

brewery, and laundry - 11 drainage wells

2. ailr conditioning cooling water - 8 drainage wells
3. sewage effluent ~ 7 drainage wells
4, storm water runoff from streets and highways - 129

drainage wells
5. storm water runoff from lakes and creeks - 88 drainage
wells
6. water sources lacking documentation:
Orange County - 48 drainage wells
City of Orlando - 57 drainage wells
Private - 26 drainage wells
The water received by these wells is probably storm

water runoff from streets, lakes, and green areas.

18
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Drainage wells within the study area can also be categorized
by the permeable zone which receives excess quantities of water
from land surface. One group of drainage wells discharge only to
the upper permeable zone. Another group of drainage wells
discharge into both the upper and lower permeable zones of the
Floridan aquifer. The number of drainage wells in the first
group is 341, while the number of drainage wells in the second
group is 33. Appendix C lists these 33 wells of which the
average depth is 749 feet. There are only ten drainage wells in
this second group which penetrate the lower permeable zone of the
Floridan aquifer.

Figures 8, 9, and 10 show the number and relative locations
of drainage wells which discharge only into the upper permeable
zone, the number of drainage wells which discharge into the upper
and lower permeable zones, and the total number of drainage wells

within the project boundaries.

WATER QUALITY IMPACT OF DRAINAGE WELLS ON THE FLORIDAN AQUIFER

In the study area, drainage wells recharge, by gravity,
large quantities of untreated stormwater runoff, some treated
wastewater, and lake overflow to the upper permeable zone of the
Floridan aquifer. The impact of drainage wells on the quality
of the water in the Floridan aquifer can be assessed by comparing
the quality of water obtained from different types of wells.

This interpretation has been performed by the U. S. Geological

20
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Survey (Schiner and German, 1983, p. 21) based on a

categorization of the wells into five groups:

1. drainage wells that receive lake overflow
2. drainage wells that receive street runoff
3. supply wells that tap the upper producing zone near a

drainage well
4, supply wells that tap the lower producing zone near a
drainage well
5. supply wells that tap the upper producing zone and are
not affected by drainage wells
Interpretation of water analyses provide several
conclusions. The water guality of supply wells in the study area
differs little from the quality of water in wells outside the
area. The quality of water is much the same for supply wells
finished in the upper and lower producing zones, except for
bacteria levels and total nitrogen concentration. Little
difference is found in the quality of water from drainage wells
regardless of the source of inflow. Areal patterns of selected
constituents do not appear to relate to drainage well density.
Although no serious health hazards associated with drainage
wells have been documented, the threat of pollution by drainage
wells is a possibility which perhaps could be detected by a basic
water quality monitoring program. To determine the most
advantageous locations for monitoring wells to be used as part of
such a program, the possible cumulative contamination effects of
drainage wells were assessed.
This assessment was accomplished by totaling the number of

drainage wells in each grid section in the direction of the
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ground water flow within the upper permeable zone. The general
direction of ground water flow in the study area is southwest to
northeast as determined by the potentiometric surface of the
Floridan aquifer for May 1977 (Figure 11). The larger number in
a grid section indicates a greater potential for an accumulated
concentration of pollutants to contaminate the upper permeable
zone. This cumulative number represents the number of drainage
wells in the observed grid section plus the total number in all
grid sections to the southwest of the observed grid section

(Figure 12).

PRODUCTION WELLS

The main source of potable water in Orange and southwest
Seminole counties is the lower permeable zone of the Floridan
aquifer. However, some production wells are constructed in a
manner which allows water to be withdrawn from the upper
permeable zone and the confining zone between the two production
zones. The number of these wells was determined from the data
base of U.S. Geological Survey, Florida Bureau of Geology,
Florida Department of Environmental Regulations, Orange County
Utilities Commission, Orange County Department of Public
Utilities, Winter Park Utilities, and the St. Johns River Water
Management District.

Appendix B gives a list of well data originating from the
above-mentioned organizations and includes 118 wells. These

wells can be divided into three groups: wells completed only
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into the upper permeable zone; wells open to the upper permeable
zone but with open bore holes extending into the low permeability
zone lying between the upper and lower permeability zones; and
wells open only to the lower permeable zone. The number of wells
in these three groups are 23, 35, and 56, respectively. The 56
wells open to the lower permeable zone are classified in the
following manner: nine industrial wells, four private wells, 40
public supply wells, and 5 observation wells of the USGS, two of
which are production wells of Winter Park Utilities.

Production wells in the lower permeable zone can be found in
groups usually associated with water plant units, or wells for
industrial use, pumping heavily from a small area. Figure 13
shows the location of wells withdrawing from the lower permeable
zone, and Figure 14 shows the annual average daily withdrawals

(MGD) for 1984.

WITHDRAWALS FROM THE FLORIDAN AQUIFER

The annual water use survey of the St. Johns River Water
Management District for calendar year 1983 (Marella, 1985) lists
four categories of users: Individual Public Utility Water Use;
Individual Industrial; Institutional; and Thermoelectric Water
Uses. Tables 2 and 3 summarize the estimated water use for the
significant facilities in the project area withdrawing water from
the upper and lower permeable zones of the Floridan aquifer.

The total estimated ground water use in the area for 1983

was 96.65 MGD, of which 89.5 percent was by public water system
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Table 2.~—Summary of withdrawals by Public Water Supply Systems for 1983

Water

County ID# Type Facility Name MGD
Orange OR0001 GW FR City of Aporka 2.3530
OR0002 GW FR City of Eatonwville 0.3830
ORO003 GW FR City of Maitland 1.8606
ORO005 GW FR City of Ocoee 1.4548
OR0012 GW FR City of Winter Garden 1.4932
OR0006 GW FR Orange Co. Public Utilities 7.9838
OR0007 GW FR Orlando Utilities Camission 40.0459
ORO008 GW FR Rock Springs Mdbile Hame Park 0.1333
OR0009 GW FR Shadow Hills Mcbile Hame Park 0.1998
OR0010 GW FR Southern States Utilities Co. 0.3856
ORO011 GW FR Tangerine Water Co. 0.0904
OR0004 GW FR Town of Oaklard 0.0815
OR0013 GW FR Winter Park Utilities Dept. 10.5687
Total 67 .0336
Seminole SE0001 GW FR City of Altamonte Springs 5.7818
SE0002 GW FR City of Casselberry 4.0436
SEO005 GW FR City of Longwood 1.3013
SE0O006 GW FR North Orlando Water & Sewer 0.8025
SE0016 GW FR Seminole Utilities 0.9127
SE0011 GW FR Southern States Utilities, Inc. 0.8808
SEO009 GW FR Sunlando Utilities 4.,7945
SE0012 GW FR Utilities Inc. of Florida 0.9739
Total 19.4911
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Table 3.—~Sumary of Industrial and Institutional Water Users for 1983

Orange
Water
D Type Facility User Type MGD
OR0017 GW FR  Southern Fruit Distributors Industrial 3.0000
OR0016 GW FR Coca Cola Co. (Plymouth Plant) Industrial 0.1433
OR0021 GW FR University of Central Fla. Institution 0.5127
OR0018 GW FR Winter Garden Citrus Products Irdustrial 1.9986
OR0019 GW FR Zellwood Farms (Ralston Plant) Industrial 0.1005
Total 5.7551
Seminole
Water
ID# Type Facility User Type MGD
SE0014 GW FR Deep South Products Industrial 0.5321
SE0013 GW FR Cocoa Cola (Forest City Plant) Idustrial 3.8234
Total 4.3555
GW = ground water
FR = fresh water
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users, 7.8 percent by industry, 2.6 percent by institutions, and

0.1% for thermoelectric power generation. Of the total estimated
water use, about 64.0 MGD was withdrawn from the lower permeable

zone in 1983. The most prominent users withdrawing ground water

from the lower permeable zone in the nine township area in 1983

are as follows:

Orlando Utilities Commission 40.0459 MGD
Winter Park Utilities Dept. 10.5687 MGD
The Coca Cola Co. 3.8234 MGD
Orange Co. Dept. of Public Utilities = 3.3786 MGD
City of Altamonte Springs 3.0000 MGD
Southern Fruit Distributors 3.0000 MGD
Total 63.8166 MGD

Figure 13 shows the locations of known lower permeable zone
withdrawals of greater than 0.1 MGD. Figure 14 shows annual
average daily withdrawals for 1984 from sites in the greater

Orlando and Winter Park area on pages 29 and 30.

WATER QUALITY

USGS WRI 82-4094 (Schiner and German) describes the water
quality of the upper and lower production zones as follows:

Upper Production Zone

"The water in the upper producing zone of the Floridan
aquifer is primarily a calcium and magnesium
bicarbonate type. Bicarbonate generally accounts for
more than 75 percent of the ions, and calcium and
magnesium account for more than 85 percent of the
cations. But in several supply wells, and several
drainage wells, more than 25 percent of the anions
consisted of sulfate plus chloride and more than 15
percent of the cations consisted of sodium plus
potassium."

"Water from drainage wells generally has slightly
higher concentrations of most constituents than water
from supply wells. Moreover, for some constituents,
water from drainage wells has a marked tendency toward
higher concentrations. The larger differences between
the quality of water from drainage wells and supply
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wells, based on a comparison of median concentrations,
were for total nitrogen, total phosphorus, total
recoverable iron, and total coliform. The comparisons
are as follows:"

Drainage Wells Supply Wells
Total nitrogen (N) 1.0 mg/L 0.29 mg/L
Total phosphorus (P) .23 mg/L .07 mg/L
Total recoverable iron (Fe) 660 g/L 60 g/L
Total coliform 39 c0l/100 mL 0 c0l/100 mL

Lower Production Zone

"Water from the lower producing zone (also a calcium
and magnesium-~bicarbonate type water) was more
consistent within its chemical type. Part of this
consistency may be because most samples from the lower
producing zone were clustered in a small part of the
study area or that the zone is deeper and more isolated
from surface influences.

"The quality of water from the group of supply wells in
the Orlando area is about the same as the quality of
water from wells in adjacent areas where no drainage
wells exist. However, for the supply wells in the
Orlando area, correlation coefficients based on water
quality data and distances between supply and drainage
wells upgradient from supply wells indicate a relation
between water quality and the number of drainage wells
in an area. The highest correlation (0.76) was for
total nitrogen in lower-producing zone supply wells as
a function of number of drainage wells within 5 miles
in the upgradient semicircle. This correlation
analysis may not mean a direct cause-and-effect
relation between water quality and drainage-well
density. For example, high population density could be
a source of pollutants independent of drainage wells."

Appendix D shows major dissolved constituents and physical
properties, nutrients, bacteria, and trace elements of water
withdrawn by the Orlando Utilities Commission for 23 wells. All

wells withdraw water from the lower permeable zone.
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Data included in Appendix D covers a period from 1968 to

1984 and is summarized on an annual basis.
FRESHWATER/SALTWATER INTERFACE

Saline waters associated with inland aquifers of Florida
have been entrapped in the formations since deposition (Lichtler
1968) . The contact between fresh and salt water is usually a
transition zone of mixed water having a salinity gradient. Along
this interface, fresh ground water flows toward the discharge
areas of the aquifer. This freshwater flow forces movement of
more saline entrapped water toward the ocean. Over time, a fresh
water lens has formed and floats in equilibrium over the
saltwater within the Floridan aquifer.

In areas where pumping is heavily concentrated, the upconing
of the freshwater/saltwater interface may result in a continuous
migration of saline water into fresher zones. Ultimately, the
salt content of the pumped wéter increases. Therefore, it is
very important to monitor the position and fluctuation of the
freshwater/saltwater interface.

Extensive monitoring of the interface has not been carried
out in central Orange County. Data collected from the Sand Lake
Road deep injection-test well indicates that the
freshwater/saltwater interface is located between 2,350 and 2,395
feet.

Klein (1975) estimated the approximate depth to the base of
potable water in the Floridan aquifer (Figure 4). Water is

considered potable if the chloride content does not exceed 250
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/

/
milligrams per liter and dis;olved solids content does not exceed
500 mil;igrams per liter. The base of potable water in the study
area is‘estimated to be between 1,750 and 2,000 feet depth. This
estimate corresponds Qquite well with the data collected from the
Sand Lake Road deep injection test well described earlier in this
report.

Figure 15 illustrates in more detail the estimated depth to
the base of potable water in the study area. This map suggests
that the approximate depth from land surface to the base of

potable water (250 mg/l chloride content) decreases in a

northeasterly direction within the study area.
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SITE SELECTION

The purpose of the site selection process is to determine
the location and drilling sequence of new lower permeable
zone/salinity monitor wells which will be integrated into the
existing well network within the study area. Utilizing the data
presented in the reports, Figures 10, 11, 12, 14 and 15, an
evaluation was accomplished. The procedure involved assigning a
numerical value to each grid square which represents the data
illustrated in the above mentioned figures. The value assigned
to a grid sgquare for each data set mapped was determined in the
following manner:

1. The number of drainage wells (vertical contamination

potential) per grid sguare.

2. The number of drainage wells upgradient from the grid
square evaluated (the cumulative effect of drainage
wells in the study area).

3. The number of production wells (overpumping possibility)
per grid square.

4. The total amount of withdrawal in each grid square
(potential to create deep cones of depression in the
potentiometric surface, and induce upconing of the
freshwater/saltwater interface);

5. The estimated depth to base of potable water (250 mg/1l)
i.e. where the estimated freshwater/saltwater interface

is high in elevation, a greater potential for saltwater

intrusion exists. These estimated values have been
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reduced in magnitude in order to be consistent with the
range of values used in the analysis. Depth to the base
of potable water was assigned a negative number in the
process of determining a total score. This was done in
order to better evaluate the thickness of available
freshwater and position of the saltwater interface in
relationship to the other significant data tabulated.
The values for each grid square were combined in a manner
(Figure 16) such that the highest value would dictate the highest
priority monitor well site. The highest total value would be
indicative of a location where the largest cumulative hydrologic
impacts could potentially occur. Table 4 shows analysis and
results of the site selection process. Based upon the results of
the site selection process, six upper and lower permeable
zone/salinity observation wells are proposed. Figure 17 shows
the priority and location of proposed upper and lower permeable
zone/salinity observation wells.
When the proposed deep monitor wells are integrated with the
existing observation wells in the metropolitan area of Orlando

(Figure 18), a more comprehensive monitoring network results.
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Table 4.--Analysis and Results of Site Selection Process.

LOCATION NUMBER OF NUMBER OF NUMBER OF TOTAL DEPTH TO TOTAL
S T R DRATNAGE DRAINAGE PR(DUCTION PUMPAGE 250 MG/LIT SCORES RANK

GRID WELLS WELLS UP WELLS RATE CHLORIDE 1+42+3+4
GRADIENT MzD -5 =6
(x—102) ft

1 2 3 4 5 6 7
04-21-28 0 1 1 17.00
06~ 1 0 1 18.00
16-21-29 0 0 1 3.82 15.50 -10.68 14
16~ 0 0 1 0.53 15.50 -13.97 15
28— 1 2 1 2.23 16.50 -10.27 13
35- 0 5 1 2.53 16.00 -07.47 9
33-21-30 0 2 1 2.50 13.50 -08.00 11
02-22-29 2 7 1 2.67 16.50 -03.83 6
18~ 1 1 2 8.62 19.00 -06.38 8
19~ 1 5 2
24- 10 41 7 7.73 17.00 48.73 1
10-22-30 0 1 2 5.10 14.00 -05.90 7
21~ 2 16 1 4.28 15.50 7.78 4
30- 12 32 3 7.31 17.00 37.31 2
35— 0 2 2 15.50
36— 0 1 1 15.00
12-23-28 2 0 2 6.27 20.50 -10.23 12
01-23-29 7 11 2 9.00 18.00 11.00 3
02- 6 1
11- 1 4 3 2.83 18.50 -07.67 10
05-23-30 4 7 2 6.17 17.50 1.67 5
08- 2 1
32- 0 0 1 18.00
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DEEP MONITOR WELL DESIGN

The deep monitor wells proposed as a result of this project
should be designed and constructed to provide for the monitoring
of water levels and quality in the upper and lower freshwater
producing zones of the Floridan agquifer and for the monitoring of
the quality, position and movement of the freshwater/saltwater
interface in the lower freshwater producing zone over an extended
period of time. In addition, the wells should be constructed
with materials which will be reasonably resistant to corrosion.

In general, it is expected the average depth of the deep
monitor wells will be 2000 feet. The open borehole should be of
sufficient diameter to accommodate one to three strings of
piezometer tubing from land surface to the appropriate depth.
Within each flow zone observed, well screen of similar material
should be installed and gravel packed the entire length of the
flow zone. By gravel packing these flow zones, usually zones of
lost circulation, losses of large volumes of cement can be
minimized during the grouting procedure. Between and above the
gravel packs, cement grout should f£ill the annulus, stabilizing
the piezometers and providing a seal between and above the three
flow zones. This will prevent hydraulic connection of the zones
within the borehole.

To extend longevity and provide corrosion resistance,
fiberglass piezometer tubing should be utilized within the
various flow zones to be monitored. This nonconductive material

will not deteriorate when exposed to high salinity water and
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currents which normally cause rapid deterioration of metal tubing

sometimes used for similar purposes. Figure 19 illustrates the

general design of the deep monitoring wells.

The drilling of a deep monitor well should take place in

three steps as follows:

1.

Drill a borehole to the top of the Floridan aquifer to
accommodate a 16 inch casing which will be grouted into
place by filling the annulus between the borehole and
the casing with cement grout.

Drill a 14 3/4 inch borehole to the bottom of the lower
permeable zone of the Floridan aguifer to a depth of
about 1,400 feet to accommodate the installation of
three strings of two inch diameter fiberglass
piezometer tubing.

Continue drilling a 9 7/8 inch borehole to the
freshwater/saltwater interface (expected at a depth of
about 2,000 feet) to accommodate the installation of
one string of two inch diameter fiberglass piezometer

tubing.

The installation of the two inch fiberglass piezometers will

take place in three steps as follows:

1.

Install a two inch diameter fiberglass piezometer to a
depth of about 2,000 feet. The screened portion will
be gravel packed, and the annulus between the top of
the screen and the bottom of the lower permeable zone

of the Floridan agquifer will be cement grouted.
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2. Install the second string of two inch diameter
fiberglass piezometer tubing to the bottom of the lower
permeable zone of the Floridan aquifer. The screened
portion will be gravel packed and the annulus between
the top of the screen and the bottom of the upper
permeable zone of the Floridan aquifer will be cement
grouted.

3. Install the third string of two inch diameter
fiberglass piezometer tubing to the bottom of the upper
permeable zone of the Floridan aquifer. The screened
portion will be gravel packed and the annulus between
the top of the screen and landsurface (top of the 16
inch casing) will be cement grouted, stabilizing the

three individual peizometers in place.
The completed cluster well should be appropriately capped

and a small shelter built over the well head to protect the

instrumentation.

47



SUMMARY AND CONCLUSIONS

The Floridan agquifer in the Orlando and Winter Park area is
comprised of two distinct permeable zones. The upper permeable
zone consists of cavernous Ocala and Avon Park limestone and
extends from approximately 200 to 500 feet below land surface.
Withdrawals from the upper zone permeable are generally limited
to small public supply and domestic wells because of high
bacterial levels.

The lower permeable zone consists of the cavernous Lake City
Limestone and extends from about 1,000 to 1,300 feet below land
surface. This zone provides the majority of the municipal and
public supply of water in the Orlando - Winter Park area.
Between the two permeable zones, limestone and dolomite of
significantly lower permeability provide a confining unit.

Potential ground water quality problems lie in the future
for this urbanizing area if the water resource is not properly
managed. The water quality affects resulting from the disposal
of stormwater directly into the upper permeable zone of the
Floridan agquifer and the possibility of saltwater upconing under
deep production wells are excellent examples.

In the study area the upper Floridan aquifer is monitored by
a network of approximately 1,050 wells maintained by the U.S.
Geological Survey in cooperation with St., Johns River Water
Management District. However, the lower permeable zone of the
Floridan aquifer is monitored by the U.S. Geological Survey only

at five locations. Monitoring only the lower permeable zone

48



provides little information concerning the position and movement
of the freshwater/saltwater interface estimated to be between
1750 and 2000 feet below land surface.

In Orange County, there are 412 known drainage wells of
which 374 are currently active. Of the active drainage wells,
341 wells discharge water only to the upper permeable zone of the
Floridan aquifer, while 33 wells discharge into both the upper
and lower permeable zones. Although no serious health hazards
associated with drainage wells have been documented, the threat
of pollution by drainage wells is a possibility which perhaps
could be detected by a basic water guality monitoring program.

Estimated ground water use in the study area for 1983 was
96.65 MGD. Of that total, 89.5 percent was by public water
system users. An estimated 64.0 MGD was withdrawn from the lower
permeable zone in 1983.

Presently, there is no monitor well network from which data
can be collected to evaluate the impacts of withdrawals from the
lower permeable zone of the Floridan agquifer. As a result of a
data evaluation process, six upper and lower permeable
zone/salinity observation well sites have been selected. The
location of the monitor well sites were chosen primarily with
respect to areal distribution of drainage wells, ground water
withdrawals, the estimated position of the freshwater/saltwater

interface along with other important hydrogeologic information.
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Table 1,—List Of wells at out-of-service plant sites that are suitable for monitoring the upper
zone of the Floridan Aquifer — Orange County Division of Public Utilities

(ONSTRUCTION DATA

GEOPHYSICAL LOGGING

Depth Casing  I.D. Depth Casing I.D. Top of
Location £t. ft. in. ft. ft. in. Floridan
Clearview Heights 356 118 8 303 119 8 111
East Dale Acres 370 221 6 355 221 6 221
Graham Gardens 675 8 670 443 8 lel
Lake Lawne 321 4 321 155 8 11y

503 6 - 503 448 10 114
Meadowbrook Acres 8 264 0-184 8

184-250 6 153

Orlando Acres 350 163 8 334 179 8 157
Rimar 200 6 185 121 8 79
Riverside Park 350 6 321 118 8 110

360 8 371 127 8 107
Silver Beach (W) 245 162 4 222 162 4 162



Table 2.—List of wells at out-of-service plant sites — Orange County Division of Public Utilities

(ONSTRUCTION DATA GEOFHYSICAL LOGGING Cement
Depth Casing I.D. Depth Casing I.D. Topof =  Needed
Locati £t i . i i . Florid (Sacks)
Arcadia Acres 210 60 6 175 112 6 143 70
Barbara Terrace ? Inaccessible to logging van
Clearview Heights 215 97 4 175 70 4 113 82
250 120 6 131 BSTRUCTED ‘
356 118 8 303 119 8 111 147
Comway Hills (in yard) ? 311 187 6 232 1oy
(in building) ? 413 138 6 231 194
Crescent Hills 450 119 8 381 119 8 152 219
East Dale Acres 370 221 6 355 221 6 221 12y
Graham Gardens 380 6 Well not present, covered?
675 8 670 443 8 161 383
Hilltop (E) 180 126 ? 168 125 4 UNRKNCOWN
(W) ? 163 115 8 UNKNGWN
HiPines (in yard) 4 205 127 4 183 25
(in building) 4 139 BSTRUCTED
Lake Lawne ‘ 321 4 321 155 8 117 - 105
503 6 503 448 10 114 24y
. 520 8 Filled with oconcrete
Lake Cane 400 ? Pump stuck in well
Lake Margaret Terrace (W) 345 6 329 140 6 176 79
(E) 345 8 326 148 8 176 142
Lejune Heights 6 46 (BSTRUCTED
Long Lake 200 4 138 BSTRUCTED
400 8 393 125 8 133 235
Meadowbrook Acres 8 264 0-184 8 o
184-25v 6 153 93
Orlando Acres 240 146 4 Well not present, covered?
275 4 Well not present, covered?
350 163 8 334 179 8 157 212
Partlow (E) 190 4 191 96 4 180 27
(W) 275 4 93 (BSTRUCTED
Plymouth Heights 223 4 139 85 4 UNKNCWN 24



Table 2.—Continued *

.QONSTRUCTION DATA GEOFHYSICAL LOGGING Cement
Depth Casing I.D. Depth Casing I.D. Top of Needed
Location : £t. ft. iDe__ ft. ft, in, _Floridan ___(Sacks)
Ranchette 400 6 Pump stuck in well
Ridge Manor 6 80 (BSTRUCTED 6
' 6 80 BSTRUCTED 6
Rimar 200 6 185 121 8 79 88
Riverside Park : 350 6 321 118 8 11u lo/
360 8 371 - 127 8 107 274
Robinsdale 310 133 6 285 132 6 183 61
360 142 8 149 @BSTRUCTED 8
Robinsdale Oaks (E) 4 188 177 4 186 1y
(W) 4 128 (BSTRUCTED 4
Shady Acres 265 140 6 242 140 6 179 63
' 6 126 (BSTRUCTED 6
Siesta Hills 6 304 95 6 103 10y
Silver Beach (E) 4 178 @BSTRUCTED 4
(W) 245 162 4 222 162 4 162 25
275 153 6 168 (BSTRUCTED 6
Tiffany Terrace 300 98 6 286 98 6 209 103
420 151 10 395 103 12 207 621
Tuckaway Terrace (in yard) ' 6 479 81 6 182 174
(in building) 8 84 ((BSTRUCTED 6
Vanguard Heights 225 4 211 104 4 164 54
8 117 (BSTRUCTED

Wekiva Manor 391 92



TaBle§ .

~-- Listing of USGS observation wells in townships T 23S - 228 - 21§

and R 28E - 29E - 30E, within and around the areal withdrawal from

the lower zone of the Floridan aquifer in Orange County.

Site number
(Lat., Long.)

Site name and location

282611081320501
282623081153801
282636081300801
-282649081262301
282709081283001
282749081315801
282835081305201
282923081282801
282936081340201
282945081255001
283014081271301
283144081254201
282704081214301
282911081243601
282940081320301
282955081181801
283017081195201
283105081222201
283121081311601
283135081234301
283147081203601
283157081180401
283253081283401
283307081300801
2833170812232301
283326081262101
283333081233501
283333081233502
283334081243501
283353081204801
283412081163401
283417081331401
283441081203301
283528081235201
283530081214301
283548081181401
283557081231301
283619081331801
283623081230501
283649081283601
283654081260801
283703081225001
283729081273701
283813081325701
283816081225501
284020081280601
284025081301701

USGS Well on Sunset Dr.
Cocoa P SR15 So. of Beeline
Minute Maid Drain Well

Sand Lake Road Sewage Well
USGS Well Nr. I-4 + 5284

Lk. Butler Groves Dom Supply
USGS Well Palm Lake Dr.
Ivey”s Nursery Turkey Lk. Rd.
Ross Home Well

Orange 39 on I-4

McLeod Rd. Sewage Plant Well
Lk. Mann Drain Well

Bearhead Lake

Americana Apts. Texas Av. Amerblvd.
"WP Fed. at Windermere

Pershing Incinerator

Lk. Margaret & Conway Rd. Drain Well

Delaney + Harding Str.

0 - 197 Lk. Olivia Drainage Well

Layne—-Atlantic Deep

Lk. Arnold Drain Well
Englewood Drain Well

USGS Ob. Well OR47 at Orlovsta
Lk. Sherwood Drainwell

Irma + Marks St.

Lk. Lawne Drain Well

Lk. Adair 9 DP at Orlando, FL
Lk. Adair 10 at Orlando, FL
Texas Ave. Drain Well

Leke Caydee Drainwell

Lee Estates Supply

Drain Well Ocoee SR 438
Glenridge Deep

Lk. Fairview Drainmwell

Lk. Midget Drain Well

FTIU Blvd. Deep:

Lk. Fair Well at I-4

Apopka Citrus Well

Wymore + Lee Rd. Deep

SW Long Lake End Hiawassee Rd.
Lk. Davis Drain Well

City of Eatonville

Long Lake 01d Supply

State Foliage Research Center
Lk. Charity Well Nr. Maitland
Wekiva Springs Rd. at 436 Well
City of Apopka Drain Well

May 1983.
Casing Well Level
(in.) depth vear
4,00 180.00
4.00 439.00
12.00 356.00
18.00 450.00 1
4,00 205.00
6.00 347.00
4,00 235.00
4.00 337.00
99.99 280.00
12.00 417.00
6.00 127.00
16.00 398.00
8.00 455.00

8.00 99999.99
99.99 99999.99

12.00  422.00
8.00  427.00
12.00  483.00
12.00  495.00
10.00 1232.00
20.00  464.00
20.00  465.00
6.00 350.00
24.00  450.00
12.00 154.00
18.00  329.00
20.00 1281.00
4.00  400.00
14.00 685.00
18.00 478.00
6.00 292.00
8.00  500.00
20.00 1300.00
12.00  745.00
12.00  425.00
24.00 1354.00
12.00  435.00
8.00 580.00
16.00 1275.00
4.00  365.00
18.00  450.00
8.00 371.00
6.00  400.00
99.99  200.00
3.00 374.00
12.00  400.00

99.99 99999.99

(@)
Q
RN ZODORPDNMNMDDDNDDDRDRDDDDMDPDNDNDN

(o]
(]

(@] (@]
o Q
NN NDNODEZNZNDNDNDNDDND



APPENDIX B

Well construction data for wells equal to or greater than 600
feet deep in Orange and south Seminole counties.
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APPENDIX C

Well construction data for drainage wells equal to or greater
than 600 feet deep in Orange County.
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APPENDIX D

Water quality data for Orlando Utilities Commission wells obtain-
ing water from the lower permeable zone of the Floridan aquifer.
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