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1. Introduction

This document provides the construction and testing results of the Class T mjechion well
(1W 1) and associated Flondan-aquifir, dual-zane deep monitor well (MW 1) at the City
of Port St. Lucie, Western (I.TC) Water I'reatment Plant (WTP) in 5t. Lucie County,
Flarida. The LTC Water Treatment Plant is located in Section 2, Township 36 South,
Range 29 Easl. A site location map is presented as Figure L. A site lavout map
showing the location of the injection well system 15 preseniod as Figure 2.

The LTC WTP intends to utilize Floridan-aquifer water supply wlls and treat the raw
waler hy reverse osmosis (o drinking water standards; (he potable-water treatment by-
product will be disposed by Class I decp well injection (the primary disposal method).
TW 1 Bas heen designed and construcied to accept up to 12 million gallons per day
(med) of a mixed effluent waste stream, including primary ci isposal of potable waler
treatment hy=product from the Prineville WTP and the LTC WIP (nol yel campleted)
and sceondarily-treated domestic wastewater from the Northport Wastewaler
Treatment Facility,

A dual-zone, deep monitor well (MW 1) was constructed to monitor for potential
upward muigration of Muids wyected into W1 The upper monitor zone, (installed from
1,555 feel W 1,607 feet below pud level [bpl]) was msialled above (he lowermost
regional Underground Source of 1 Innking Water (USDW), the interface defined by the
depth at which the lota] dissolved solids (TDS) concentration of the formation water
exceeds 10.000 nulligrams per liter (mg/L). The lower monitor zone (installed from
1,780 feet to 1,830 fieel bpl) was installed in the first sulliciently transmissive interval
below the USDW. The MW1 construction details (with geologic and hydrogenlogic
columns) are presented as Figure 3.

W1 was constructed with a 24-inch ouiside drameter (0.D), 0.500-inch wall thickness
seamless-steel casing installed to a depth 0f 2,764 feet bpl and was lned wiih a 20-inch
0.1, 0.438-mch wall duckness, miermally-coated steel (threaded and eoupled)
injection tubing, The total depth of IW1 1s 3,350 feef bpl. The cons uction details for
W1 (with geologie and hydrogeologie culumns) are presenied as Figure 4.
Conslruction and testing of the wells was performed in accordzanee with Chapter 62-
528 Florida Administrative Code (FAC), the recommendations of the Tinderarount
Injection Contrul (T1C) Technical Advisory Committee (TAC), and the provisions of
Floridza Department of Environmental Protection (FDEP) Construction Permit No.
188679-001-UC. A copy of the construction permit is provided i Appendix A. The
monitor well, injection well and appurienances were construcied m accordance with
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the contract documents for the work (*Techmical Spealications City of Port St.
Lucie, LTC Injection Well System™, prepared by Reese, Macon and Assnciates, Inc.,
2002).

Youngguist Brothers, Inc. (Contractor) began construction of MW 1 on May 23, 2002.
The construction of MW1 was completed un August 5, 2002 and the Contractor began
mobilizing to the TW1 location. Construction of W1 began on August 8, 2002. The
construction and testing of both MW 1 and TW1 were completed by Jumuary 24, 2003.
A sumnmary of the construction and festing activities is presented as ‘Table L

2. Findings

The results of the construction and testing of MW 1 and TW1 led to the following
conclusions:

»  The base of the lowermost regional USDW is locuied at a depth of approximately
1,670 feet bpl.

*  The primary confimng interval above the injection zone occurs between
approximately 2,280 feel and 2,635 feet bpl. The top of the injection zone is located al
o depth of approximately 2,638 feel bpl.

= As delermined by core sample analysis, (he average horizontal and vertical
hydraulic conductivities of the primary confining mterval (2,280 feet and 2,638 lcet
hpl) are 0.75 gallons per day per square foot (gpd/[17) and 0.72 gpd/ft", Tespectively.

= The transmissivity of the injection zone penetrated hy the open hole (from 2,764
feer to 3.350 feet bpl) is estimated as 2,103,751 gallons per dav per foot (gpd/fi), and
the hydraulic conductivity of the imechon zone 15 estimated at 3,583 gpd/fi

=  The imection zone is sufficiently transmissive 1o accepl combined efffuent at the
anticipated buildout rate of 12 mad.

3. Data Collection Methods and Results

During well construction, data were collected and interpreted (o defermne the geologic
«mi hydrogeologic characteristics of the straia intercepted by the borehole. These data
were used (o determine the uptimal subsurface design of MW and TW1. Data also
wore collected to ensure hoth wells were heing conswucted m accordance with the
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testing of TW 1 commenced on Apnil 10, 2003. Dunng operational testing. permit
conditions applicable to monitoring the physical and chemical characteristics of
irjected fhuds, MW | monitor-sone Huwids, and operational performance of the mjection
well were satisfied 1o provide information to submut the operating permit application
for the injection well system. Operational lesting of TW1 was performed m accordance
with Chapter 62-528, FAC, and the provisions of the FDEP Construction Permit No.
188679-001-UC. Awailable IW1 operational and effluent waler-quality data with
graphical plots are presented in Appendix G Available MW1 monitor-zone water-
quality and wellhead prissure data (upper and lower zone) with graphical plots also ore
presented in Appendix G,

'I'he data collected from operational testing demonstrate that the injection well system
hhas mechanical infepnty and that an adequate degree of confinement exists between the
injection zone and the base of the lowermost regional USDW

5, Geology and Hydrogeology

5.1 Regional Geologic Setting

“The Syrficial Aguifur is composed mamly of unconsolidated sand, silt and shell with
varying amounts of limestone, sandstone, shell and elay. This aquifer contains the
water table and water within 11 exists under mamnly unconfined conditions. Between
land surface and approximately 130 feet deep, the Pleistocene sudiments correspond to
deseriptions of the Pamlico Sand and Anastasia Formation in 5t. Lucie County. Delow
130 feet deep (to approximately 185 feet or more), the sediments are manly composed
of clay, shell, sands and silt. These descriptions comespond Lo the Post-Miocene Pt
Thompsen;, Caloosahatchee Mar] and the Tanuam: Formations. The base of the
Tamiami Formation is not well defined in St. Lucie Coumty: however, the lower Lt
of the Surticial Aquifer coincides with the top of laterally extensive and vertcally
persistent beds of much lower permeability and varies in depth from about 100 feet to
more than 173 feet below land surfiuce in the County.

Underlying the Surficial Aquifer are the Miocene clays and marls that form 2 confimng
seyuence between the Surficial Aquifer and the Oligocene to Eocene limestones and
dolomites of the Floridan Aquifer. These sediments form a confiming sequence
referred {0 a5 the Hawthom Group. The Hawthom Group sediments overlie the
Floridan Agquifer, which exisis under artesian conditions with 2 potentiomeinic Tevel
above land surface. In south Flondz, the dense Miocene clavs ol the overlying
Hawthom Group sediments provide goad confinement for the Flondan Aguifer.
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The Flondan Aquiter includes the thick carbonate sequence of all or part of the
Paleacene 1o lower Miocene Senies and, i south Flonda, serves as a regnonally
significant water-yickling unit under confined conditions. "The Flondan Aquifer
underlies all of Florida and southern Georgia and includes all of middle and upper
Eocene Ocala Group, Avon Park Formalion and Take City Timestone, and the
Qligocene Suwannee Limestone and those permeable Hawthom Group beds m contact
with the rest of the aquifer.

The middle to upper Eocene limestones, dolonutic limestones and dolomutes of the
Awvon Park Formation and Lake City Limestone overlie the lower Eocene sediments of
the Oldsmar Formation. Much of the Oldsmar Formation can he characterized by the
vugpy lexlure of the dolomite dnlled cuming samples and large-scale dissolution
features noted on caliper logs. The lower portion of this formation contains a seclion
of highly permeable dolomite with highly mineralized water referred to as the “Boulder
Zone” that 15 used throughout south Flonda for the disposal of wastewater.

5.2 Local Hydrogeolagy and Underground Sources of Drinking Water

Abrelreview ol the regional hydrogeologe setang for the vicinity of the injection
well system follows to indicate the general vertical and lateral limits of all underground
sources of drinkang waltcr, their positinn relative 1o the injection formation and the
dircetion of water movement (where known) in each USDW that may be affected by
the proposed nnection.

A north-south hydrostrabgraphic cross section of the geologic formations contaimning
the underzround sources of drinking wister 1n the arca of the projeet sife is presented as
Figure 6. In aldition, & west-east (southwest to northeast) hydrostrangraphic cross
section of the same zeologic formations i Lhe arca of (he project sile 1s presented 25
Tigure 7. The general vertica] Hmits of the USDWs are shown with their position
relative to the injection formation (myecton zone). Formaoon names and boundaries
of the confining mtervals and mjcction zone are also shown.

5.2 Surficial Aguifer

Ii the local area of the priject sile, the Surficial Aguilir is composed mamly of
uneonsolidated sand and shell with varying amounts of hmestone. sandstone and ciay
between land surface and 130 feet. The aquifer 1s used as the main source of drinking
waler throughout St Tueie County.
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The water table 15 shown (from Techmeal Publication 95-01. South Florida Water
Management District, 1995) al an elevation of between 12 and 16 feet (based on the
Natonal Geodetic Vertical Datam [NGVD] adjustment of 1929) in the viemity of the
[.TC Injection Well System. Based upon a review of the 1970 1. 8. Geologieal Survey
topographic map, and the [inal survey of the project site, the land surface elevalion
shaws little slope in the vicinity of the site and appears 1o be between approximately 20
and 24 feet above NGVD. The groundwater flow direction in the Surficial Aquifer
appears to be to (he south or southeast toward the St. Lucie River. The base of the
Surficial Aquiter 1 the area of the site 18 approximalely 160 feet below NGYD or
approximately 185 feet beluw land surface.

52,2 Intermediate Aguifer

Tnderlying the Surficial Aquifer are approximately 430 feet of Miocene clays and
marls with some limestones forming a sequence of confining beds between the
sediments of the Surficial Aquifer and the Eocene limestones and dolomites of the
Floridan Aquifer System. This Mivcene-age sequence is found throughout south
Florida and has been redesignated (from the Hawthorn, Peace Raver and Arcadia
Formmtions) 1o the Hawthom Group based on extensive work to define the areal extent
of the several formations comprising these sediments m Flonda. Although permeable
beds exist within the Intermediate Aquifer System, the [awthom Group lormations
generally form a confining sequence (or aguiclude) in St Lucie County and the water
quality is poor in comparison 1o the upper and middle Surficial Aquifer. The dense
clays of the Miocene Hawthom Group sediments provide good confinement tor the
underlving Flondan Aquifer.

5.2.3 Floridan Aquifer

"The Flondan Aquifer underlics all of Florida and southern Georgia and includes parts
or all of middle and upper Eocene Ocalz Group (Avon Park) Formations znd the
Oligocene Suwannee Limestone, as well as portions of the Miocene lampa Formation
and those permeable Hawthorn Group beds m contact with the rest of the aquilir.

Water quality m the Floridan Aquifer is poor in comparison to the Surficial Aguifer.
Water from the Floridan Aquifer in the area contains TDIS concentrations that exceed
drinking water standards. Although the desalmation treatment required results in
higher consumer costs. limiled use of Floridan Aquifer water has become an
celablished necessity in 5t. Lucie County in order to reduce pumping of the better-
quality water from the Surficial Aquiler System (both to mitigate potential mmpacts o
environmentally sensitive wetlands and to reduce the potential for saltwater mfrusion
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the Surficial Aquiler). The Flondan Aquifer generally exists imder artesian conditions
with a potentiometric level above land surface. The Flondan Aquifer is ariesian mn all
parts of 8t. Lucie County, except in eastern St. Lucie County where land surface 15
more than 50 feet above mean sea level. In areas where the Flondan Agquifer has not
experienced significant withdrawals, the potentivmetric wiater level vanes from 30 (o
50 feet above mean sea level (Bearden, H. W, Report of Investigations No. 62, United
States Geological Survey, 1972, p. 10). The principal recharge areas for the arfesian
Floridan Aquifer i southern Tlorida are centered in Polk and Lake Counties. The
potentiometric surface slopes gently toward the east and southeast, except where
Jocally alTected by withdrawals.

53 Local Geologlc Structures

Based upon the data collected dunng pilot-hole construction. the hydrology and
geologie structures near the site have been summanzed. In the local arce of the project
site, the Surficial Aquiler is composed mainly of unconsolidated sand, clay and shell,
with varying amounts of limestone, sandstone and clay between land surface and 130
fet bpl. These Pleistocene sediments correspond to deseriptions of the Pamlico Sand
and underlving Anastasiz Formation in St Lucte County,

Between 130 and 185 feet bpl, the sediments vonsisl of grayish-olive clays with
varying amommis of sand, shell, and some mterbedded imestone. These descriptions
correspond to Post-Miocene Ft, Thompson, Caloosahatchee Marl and Tammami
Formation sediments,

Between 185 and 390 feet bpl, the sediments consist predomimantly of dark olive-gray,
slightly plastic clay with sand and shell. Marl predominates from 390 to 620 feet bpl.
consisting of a light olive-gray, soft, plastic carbonate mud with some quariz and
phosphate sands. Below 350 feet bpl, Imestones arc present, interhedded with the
marl. These ommations correspond to descaphions of the Hawthomn Group and the
underhving Suwannee Limestone. Between 620 [eet and 1,420 feel bpl, sediments
consisting of 2 moderately soft, fossiliferous, white to very pale orange limestone that
contain foraminifera. Lhe limestone corresponds to descriptions of the upper Eocene
Dcala Group. From 850 feet lo 1,420 feet hpl, sediments consist of very-fine grained,
hard, highly fractured dolomite.

The middie o upper Eovene limestones, dolomitic limestones and dolomutes of the
Avon Park Formation and Lake City Limestone are encounterad between | 420 and
2,240 feet deep. The existence of the Lake City Limestume n this ared is inlerred from
the literture. Typically, there is insufficient microfossil evidence in samples from
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Table 1. Average Injection Wellhead Pressures and Dally Flows, City of Port St. Lucie
LTC Injection Well System

Average Daily Monthly-&verage Total Volume to Days In Service
Date Volume Injection Pressure Injection Wall
imgd) {p3i] (mg) (DaysiMonth)
- Miar-03 72l 162 28.5 1%
Apr-03 0612 135 154 el
May-13 1410 e 26.2 417 15
Jumn-3 2363 18.0 .9 0
Jul-03 2083 124 - - . L
Anp-03 4282 19.8 71.5 3l T
Seyr0A 2E9R 19.0 I 0.9 30
"mpe denoles mie In uniits of "miflon gallons per day”
SRl donoles prosssirm nounds of *potnds po o nch®
"my" denotes volume In "millon galons.®
Faga 1 of 1
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