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planners, & management consultants Tampa, Florida 33602
813 221-2833

December 12, 1986

Ms. Loretta Holtkamp

West Coast Regional Water Supply Authority
2535 Landmark Drive, Suite 211

Clearwater, FL 33519

RE: Phase IA Draft Report - Phase I Regional Interconnection

Dear Ms. Holtkamp:

Camp Dresser & McKee Inc. is pleased to submit the attached Aquifer
Performance Test Data Analysis Report and Technical Appendices - Phase IA.
The report was prepared by James H. Jensen and Gerhardt Witt under my
direction.

The field investigation and data analysis indicate that the site is
suitable for a water supply well producing an average of 3 million gallons
per day.

CDM appreciates this opportunity to provide professional engineering and
hydrogeologic services to the Authority.

Sincerely,
CAMP DRESSER & MQKEE INC.
Edward J. Kent, Ph.D., P.E.

EJK/jra
EJK6T.2/65

cc: T. D. Furman
D. H. Twachtmann
L. R. Tortora
G. H. Witt
J., H. Jensen
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WEST COAST REGIONAL WATER SUPPLY AUTHORITY
AQUIFER PERFORMANCE TEST ANALYSIS — PHASE IA
EXECUTIVE SUMMARY
PURPOSE

As part of an investigative program examining the water supply potential of
the area, the West Coast Regional Water Supply Authority (WCRWSA)
authorized Camp Dresser & McKee Inc. (CDM) to design and conduct an aquifer
performance test near the intersection of I-75 and State Road 54 in
south-central Pasco County. The site is referred to as Phase IA of the
Phase I Regional Interconnection.

The purpose of the aquifer performance test was to gain information on the
characteristics of the Floridan aquifer in this area and to determine the
water quality and potential yield of a test production well at this
location. The test program was performed in support of a consumptive use
permit application and was conducted according to Southwest Florida wWater
Management District (SWFWMD) requirements.
APPROACH
Six wells were installed at the Phase 1A site:

o A 24-inch diameter Floridan aquifer test production well,

o Three 8-inch diameter Floridan aquifer monitor wells, and

o Two 4-inch diameter water table monitor wells.

Two separate pump tests were performed:

o A step-drawdown test to determine the performance and efficiency
of the test production well, and
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o An aquifer performance test to determine the aquifer properties in
the vicinity.

Water quality characteristics of the groundwater were also determined.
Details of the well installation and testing procedures are provided in
Sections 4 and 5.

RESULTS

Results of the hydrogeologic investigation, step-drawdown test, aquifer
performance teét, and water quality analyses indicated that the Phase IA
site is suitable for a potable water supply well producing an average of 3
million gallons per day (mgd) from the Floridan aquifer. Analysis of the
test data indicated the following average aquifer properties:

o Transmissivity - 423,600 gpd/ft

o Storage Coefficient - 0.0007

o Leakance - 6.0 x 107> per day
These data indicate that the well is in a productive area, and that the
aquifer is semi-confined. Water quality test results indicate that the
water from the Floridan aquifer at the test site meets federal and state

primary and secondary drinking water standards. Detailed discussions of
the test analyses and results are provided in Sections 6 and 7.
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1.0 INTRODUCTION

1.1 AUTHORIZATION

West Coast Regional Water Supply Authority (WCRWSA) required that wells be
installed and a Floridan aquifer performance test be conducted near the
intersection of I-75 and SR 54 in Pasco County (Figure 1-1) as part of an
investigative program examining the water supply potential of the area.
The objective of the performance test was to gain information on
characteristics of the Floridan aquifer and to determine the water quality
and water supply capacity of a test production well at this location. The
“well construction and test program, which is referred to as Phase IA of the
planned Phase I Regional Interconnection, was conducted in support of
Consumptive Use Permit (CUP) Application No. 208426 filed with the
Southwest Florida Water Management District (SWFWMD).

Camp Dresser & McKee Inc. (CDM) was selected to design and conduct the
performance test and analyze the results to determine the potential yield
at the site.

1.2 SCOPE OF WORK

The approach for the aquifer performance test (APT) at the Phase 1A site in
Section 23, Township 26S, Range 19E, consisted of the following three
tasks:

o Task I: Development of Specifications
o Task II: Field Investigation

o Task III: Analysis and Report

Task I: Development of Specifications

In order to design the layout, construction and testing of the APT wells,
information was collected regarding the hydrogeologic conditions at the
proposed APT site. Sources of information included area Development of
Regional Impact documents, the U.S. Geological Survey, the Southwest

1-1
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Florida Water Management District (SWFWMD), drilling and testing programs
reports from wellfields in the region, and Florida Bureau of Geology
publications. Based upon the findings of the data collection effort and
additional requirements of the SWFWMD, the locations, depths, and
construction specifications were developed for:

1. A 24-inch diameter Floridan aquifer test production well;
2. Three 8-inch diameter Floridan aquifer monitor wells; and,
3. Two 4-inch diameter water table monitor wells.

Contract documents and a project manual were prepared. The Authority
‘awarded the drilling contract to Alsay, Incorporated, the lowest qualified

bidder.

Task II: Field Investigation

CDM provided resident engineering and hydrogeologic services during
drilling, aquifer performance tests, and data collection in accordance with
the Project Manual.

Task III: Analysis and Report

The data collected in the field investigations were analyzed to determine
the aquifer properties of the site and potential yield of the test
production well. This report documents the site hydrogeology, data
collection effort, testing procedures, test results, and recommendations.

1.3 SWFWMD REQUIREMENTS

The field investigation included additional activities required by the
SWFWMD. WCRWSA submitted a test program on December 13, 1985 and a CUP
Application on February 26, 1985. The SWFWMD granted authorization for the
APT in a letter dated April 2, 1986 (see Appendix A) with the following
additional requirements:
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1. Construction of a third deep (Floridan) monitor well at
1,500-2,000 ft. from the test production well.

2. Construction of a second shallow (water table) monitor well.

3. Water samples to be taken at every drilling pipe change
(approximately 30 feet) during reverse air drilling and field

analyzed for conductivity and temperature.

4. One additional week of pre-APT water level measurements for all
wells for a total minimum of two weeks required prior to the start

of the APT.

1.4 WELL IDENTIFICATION SYSTEM

A total of six wells were installed at the Phase IA test site. The wells
included one test production well, three deep monitor wells, and two

shallow monitor wells.

In order to accurately describe the orientation of the various wells at the
Phase IA site, an identification coding system was devised. Using this
coding system, the test production well at the Phase IA site is designated
TPW-IA while the 5 monitor wells are given identification codes based on
their depth (shallow or deep) and proximity to the test production well.
For example, DMW-IA+500 represents the deep monitor well at the Phase IA
site located at 500 feet distance from the test production well.

1-3
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2.0 PHYSIOGRAPHIC SUMMARY
2.1 REGIONAL

The Phase IA site is in southern Pasco County which lies in the Coastal
Plain physiographic province. A prominent surface feature located in the
central part of the province is the Brooksville Ridge which appears to be
composed of old, stabilized sand dunes (White, 1970). The Brooksville
Ridge trends in a northwesterly direction and reaches a maximum altitude of
301 feet. The ridge area is flanked by the Withlacoochee River valley on
the east, the Hillsborough River valley on the south, and the Terraced
Coastal Lowlands on the west. Marine terraces were formed during the
Pleistocene Epoch during warm interglacial periods when the seas were
higher than present. Relatively sharp breaks in the slope of the land
occur at altitudes of about 25 feet and 100 feet above mean sea level (msl)
which define the Pamlico and Wicomico terraces, respectively. The Pamlico
terrace extends into the Gulf of Mexico to a submerged scarp at about 60
feet below msl. Sinkholes are widely distributed on both the land and the
submarine surfaces.

Within the Coastal Plain physiograhic province in the Gulf coast region are
a number of physiographic units. Figure 2-1 shows that the Phase IA site
is located at the edge of the Central Swamp physiographic unit,
characterized by marshy areas and swamps that are maintained by upwelling
of artesian water from underlying aquifers (Hutchinson, 1984). However,
the Phase IA test site is also near the boundary of the Lowlands Plain
physiographic unit which extends to the north and east of the test site and
is characterized by few wetlands and the presence of large oak trees and
improved pastureland.

2.1.1 CLIMATE

The normal annual rainfall in the region varies from about 51 to 58 inches
and is unevenly distributed during the year. Tropical storms in the summer
and fall and occasionally in the winter can bring intense rains to the

area (Cherry et. al., 1970). The low, flat, coastal area receives about 52

2-1
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inches and the ridge section receives more than 56 inches. Approximately
60 percent of the rain falls during the period of June through September
(Sinclair et al., 1985). July, the wettest month, averages more than 9
inches; November, the driest month, averages about 2 inches (Wetterhall,
1965).

Variations in day to day maximum temperatures during the summer range from
about 72 degrees Fahrenheit (°F) to 90°F and during the winter from about
55°F to 75°F. During the winter, occasional cold fronts move through the
area that drop temperatures into the low and middle 20s.
Evapotranspiration in the area is on the order of 35 to 40 inches per year
(Guyton and Associates, 1976).

2.1.2 TOPOGRAPHY

Land elevations in the region range from sea level at the shoreline to
about 280 feet above msl near Dade City. The areas of highest elevations
are a series of eroded sand ridges that trend to the northwest and a ridge
of poorly defined sand hills that parallels the Gulf of Mexico, Between
the Gulf and the sand hills, and adjacent to 0ld Tampa Bay are found
relatively flat, swampy lowlands. These lowlands form a broad plain with
gentle relief in the western parts of southern Pasco, Hillsborough, and
northern Pinellas Counties. In eastern Pasco and northeastern Hillsborough
Counties the land surface becomes gently rolling with smoothly rounded
hills and shallow depressions (Cherry et al., 1970).

2.1.3 SURFACE HYDROLOGY

A large percentage of the water that falls on the surface returns to the
atmosphere by evaporation and by transpiration of plants. The remainder
drains from the area through the limestone formations that underlie the
surface and through a few surface streams. Streams form where the water
level in the limestone is near the land surface or where material of low
permeability overlies the limestone restricting downward movement of the
water (Wetterhall, 1964).

2-2
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In Citrus, Hernando, and northern Pasco Counties, surface drainage is
almost nonexistent. Sand hills and highly permeable land surfaces capture
most of the precipitation that falls on them, and sinkholes capture a large
part of the surface drainage.

Streams in the northern part of Pasco County generally originate at springs
and carry little overland flow; whereas streams in the southern part carry
substantial overland flow. Tributaries of the Hillsborough River drain
most of the southeast and southcentral parts of Pasco County.

The area contributing water to a stream is usually delineated by
topographic divides. However, in the Middle Gulf area, the area
contributing water to a stream may better be delineated by groundwater
divides than by surface water divides because most of the larger streams
are fed by groundwater issuing from springs and seeps during much of the

year.

Subsurface drainage is adequate during periods of normal rainfall, but
during very wet periods, the closed depressions become flooded and store
large volumes of water. Most of this water is released to the groundwater
body, raising the water level in the aquifer(s). If the water level is
raised sufficiently, some low-lying sinkholes that normally drain off
surface waters flow as springs (Cherry et al., 1970).

Some of the sinks in the area known to be hydraulically connected to the
Floridan aquifer transmit large quantities of water vertically to recharge
the Floridan aquifer. Blue Sink, northeast of Brooksville, is capable of
leaking large quantities of water to the Floridan aquifer. This sink has a
drainage area of about 30 square miles. Numerous other sinks also occur in

the Brooksville area.

The Phase IA site is near the boundary between Sinkhole Zone 2 of Sinclair
et al., (1985) which is defined as bare or thinly covered limestone with
little recharge and high runoff with rare sinkhole development and Sinkhole
Zone 5 where cover is 25 to 150 feet thick with the sand cover underlain by
a thick clay layer. In Zone 5, internal drainage is common and both

2-3
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cover—collapse and cover-subsidence sinkholes occur. The cypress heads in
the area occupy depressions probably formed by cover-subsidence sinkholes.
There have been only 3 small sinkholes reported in the test site vicinity
between the years 1968 and 1981. The largest reported sinkhole was 11 feet
across and 9 feet deep, located in Section 1, Township 26S, Range 19E about
4 miles north northeast of the site (Sinclair et al., 1985). There have
been no reports of recent sinkholes within a mile of the site.

2.2 SITE INFORMATION

The Phase IA site is located just east of I-75 and south of SR 54 at the
planned Saddlebrook Village development. The test site may be accessed
from SR 581 approximately 2.5 miles south of SR 54 (Figure 2-2). Trout
Creek is located about 1,200 feet south of the site.

2.2.1 CLIMATE

The average annual rainfall at the site is approximately 55 inches
(Wetterhall, 1964). About 70 percent of the rain falls from May through
September and approximately 20 percent of the total falls in July alone.
November, the driest month, usually accounts for only 3 percent of the
annual rainfall.

Rain gages were installed at 3 locations (Figure 2-2) to provide a profile
of local rainfall differences at distances from the test production well
(TPW-IA). One rain gage (South) was located near TPW-IA. A second (North)
was placed near the deep monitor well (DMW-IA+1,950) located about 1,950
feet north of TPW-IA. A recording rain gage and recording barometer were
installed at the Topp of Tampa Airport, approximately 1 mile north of the
site.

2.2.2 TOPOGRAPHY

In southcentral and southeastern Pasco County, which includes the Phase IA
site, the land surface is gently rolling with smoothly rounded hills and
shallow, swampy depressions. The site contains a number of small

2-4
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cypress head and marsh-type wetlands. Most of the drier areas have been
cleared for pasture. The average elevation in the vicinity of the site is
about 65 feet above msl and the average slope of the land surface is 3
percent. The site is leased for cattle ranching, a common occupation
throughout the presently sparsely populated region.

2.2.3 SURFACE HYDROLOGY

The headwaters of Trout Creek are just east of U.S. Highway I-75 and south
of State Highway 52. Trout Creek flows under I-75 about 1,200 feet to the
south of the site and then generally southward to the Hillsborough River.
The channel slope ranges from about 10 feet per mile in the headwaters to
less than 5 feet per mile near the mouth of the creek. The streamflow
averaged about 20.4 cubic feet per second (cfs) (13.2 million gallons per
day (mgd)) between 1975 and 1983 with periods of no flow most years at
station 02303350 at the bridge on SR 581 (Mycyk et al., 1985).

The primary surface water features in the vicinity of the test site are
wetlands which include swamps and marshes, several borrow pits and Trout
Creek. The rather extensive Cabbage swamp is located south and to the west
of the test site. These hydrologic features interact with the subsurface
hydrogeologic regime in unique ways. For example, in the swamps and
marshes, the surface water levels are close to the local water table
elevation, although after rainfall events, the swamp and marsh water levels
rise in proportion to their drainage area. The surface water level in the
borrow pits tend to be a direct reflection of the water table elevation.

Due to the highly permeable nature of the upper zone of the soils at the
site, most of the precipitation infiltrates into the ground. Where surface
materials are thin and there is a low percentage of clay, drain sinks
(ponding) may form in local depressions. Drain sinks may act as principal
points of entry for large quantities of water into the aquifer in short
periods of time.

2-5
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3.0 HYDROGEOLOGY

3.1 REGIONAL HYDROGEOLOGY

3.1.1 GEOLOGY

The regional geology is described starting with the most recent deposits at
the surface and then descending in depth with increasing age.

Recent and Pleistocene Deposits

At the surface in sduthcentral Pasco County, undifferentiated deposits of
quartz sand, with varying amounts of clay and silt, form a 3 to 40 foot
thick veneer. These sediments form the surficial aquifer system which is
located above the confining unit and the limestone of the Floridan aquifer
(see Table 3-1).

Major low sea-level stands occurred during the glacial stages of the
Pleistocene Epoch. During each low stand, the shoreline receded further
seaward and erosion, subterranean solution, and widespread sinkhole
development in the carbonate (limestone and dolostone) rocks became
prevalent. After each period of low sea level, there were associated
higher sea stand periods of reworking and/or deposition of sand and clay.

Miocene Epoch Deposits

During the Middle Miocene Epoch, the sea covered most of peninsular
Florida, with the exception of the Ocala Uplift area, and deposited clastic
(clay and sand) and carbonate sediments along with the abundant phosphate
of the Hawthorn Formation. The diverse composition of the Hawthorn
sediments reflects depositional environments that include open marine and
shallow coastal marine environs (Sinclair et al., 1985). Remnants of the
Hawthorn Formation are present in parts of southern Pasco County and
northern Hillsborough County as a thin eroded deposit.



Table 3-1 Hydrologeoloic Framework
[Modified from Wilson and Gerhart, 1982, table 1; Miller, in press, table 3]

Age esti-
. Major mates of
System Series Stratigraphlc General 1ithology lithologlc Hydrogeologlc Geologlc process boundarles
unit unit ’
R unit in mill gn
) ) ' years—
Quaternary | Holocene. Surfictal sand, Predominantly fine sénd; Sand Surficlal aquifer
Pleistocene | terrace sand, interbedded clay, marl, '
phosphorite shell, limestone, phos-
phorite.
Fluctuations of sea level
Undl(fereg’lated Clayey and pebbly sand; | Clastic de- Confining with consequent high wa- }— 2 —
Tertiary Pliocene deposits— clay, macl, shell, posits bed ter tables and deposfition
phosphatic. INTERMEDIATE fn low-lylng areas alter-
: nating with low water —_ 5 —
Miocene Hlawthorn Dolomite, sand, clay, AQUIFER tables and accelerated
Formation and limestone; silty, Carbonate and | Aquifer weathering of soluble
phosphatic. clastic de- AND rocks.
posits
Tampa Lime- Limestone, sandy, phos- CONFINING
stone phatic, fossiliferous;
' sand and clay in lower UNITS
part in some areas.
Erposure and weathering —_— 24 ——
Oligocene Suwannee Limestone, sandy lime- Carbonate deposition
Limestone stone, fossiliferous. C
arbonate
deposits — Exposure and weathering — 38 ——
Eocene Ocala Lime- Limestone, chalky, for- Confining
stone aminiferal, dolomitic bed
: near bottom.
Avon Park Limestone and hard brown FLORIDAN AQUIFER SYSTEM
Format fon dolomite; Intergranular Upper Floridan aqulifer Carbonate deposition
evaporite in lower part
in some areas.
Middle confining unit
Oldsmar Dolomite and limestone,
Formation - containing intergranu- | Car- )
lar gypsum in most bon- Lower Floridan aquifer
) areas. ‘ ate
—_ and Exposure and weathering —— 55 ——
Paleocene Cedar Keys Dolomite and limestone evaporite Sub-Floridan confinfing .
: Formation with beds of anhydrite. deposits unit Carbonate deposition 63
1/

="Geologic Times Chart, 1984.

g/lncludes all or parts of Caloosahatchee Marl, Bone Valley Formation, Alachua Formation, and Tamfaml Formatlon.
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At an earlier period of the Miocene Epoch, a shallow marine environment
covered most, if not all, of western peninsular Florida and resulted in
deposition of the Tampa Limestone. The Tampa Limestone consists of cream
to yellow limestone with varying amounts of quartz grains and clay embedded
in a carbonate matrix.

The formation is differentiated from the overlying Hawthorn Formation based
on a decrease in, or absence of, phosphate grains and an increase in quartz

grains within the limestone.

Oligocene Epoch Deposits

The Suwannee Limestone is a biogenic limestone composed predominantly of
foraminiferal tests. Within the limestone, there are interbeds of quartz
sandstone. Dolomite is common in the basal portion of the unit. The upper
part of the formation may contain thin chert lenses and be highly
fossiliferous.

The Suwanee Limestone is exposed locally in parts of Pasco County, and in
the northeast corner of Hillsborough County (Sinclair et al., 1985).

Eocene Epoch Deposits

The Ocala Limestone Formation is a shallow marine limestone composed of
large foraminiferal tests, mollusks, and large echinoids. Lithologically,
it is a soft-to-hard, highly fossiliferous limestone that contains minor
amounts of dolostone. The formation overlies the Avon Park Formation.

The Avon Park Formation is composed of fossiliferous limestone and
dolostone. The limestone or dolostone varies from a moderate brown, dark
yellow-brown to dusky yellow-brown color, is very-fine to medium-grained,
porous to nonporous and may be crystalline or saccharoidal in texture. The
formation is very permeable and cavernous where extensive fracturing and
dissolution have occurred. The former Lake City Limestone formation is now
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included as the lower part of the Avon Park Formation (Miller, 1984). The
presence of anhydrite or gypsum-filled voids in the lower part of the
formation results in a highly mineralized (high sulfate) water and low
permeability zone.

3.1.2 AQUIFER SYSTEM

The aquifers in southcentral Pasco County are the surficial (shallow)
aquifer and the Floridan aquifer. These aquifers supply almost the entire
potable water supply for the Tampa Bay area. The most productive aquifer

by far is the Floridan aquifer.

Surficial Aquifer

The groundwater in the surficial deposits is under nonartesian (unconfined)
conditions. The upper surface of the groundwater (shallow water table) is
free to rise and fall according to input and withdrawal of water from the
system. The clay beds generally found at the base of the surficial aquifer
are relatively impermeable and, therefore, groundwater flow is primarily
lateral toward discharge areas. The water table surface generally follows
the contours of the ground surface in a subdued manner, being at a greater
depth beneath high areas and may be near or meet the surface in valleys and
low lying areas to form seeps or springs. The depth to the water table is
usually near the land surface (varying from the surface to more than 10
feet deep). The depth to the water table exhibits seasonal variations with
the lowest water levels occurring at the end of the dry season (i.e.,
April-May) and the highest at the end of the rainy season
(September-October). The range of fluctuation in the water table usually
averages 3 to 5 feet between dry and wet seasons.

The surficial aquifer is replenished primarily by local precipitation.

Some upward leakage from the Floridan aquifer recharges locally whenever
the Floridan aquifer potentiometric surface is higher than the water table.
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The surficial aquifer discharges by evapotranspiration, leakage to the
Floridan aquifer (when the water table is higher than the potentiometric
surface of the Floridan aquifer) and/or subsurface flow into surrounding
wetlands, ditches, lakes or streams. The surficial aquifer generally
yields less than 20 gallons per minute (gpm) to wells and is relatively
unused for water supply.

In many areas, the surficial aquifer is slightly acidic and contains an
excessive, objectionable amount of iron which can stain clothes, fixtures
and utensils. In terms of available potable water supply for Pasco County,
an important function of the surficial aquifer is to store water of which a
portion recharges the Floridan aquifer.

Floridan Aquifer

The height to which water will rise in an artesian (confined) aquifer is
called the artesian pressure head, piezometric surface or potentiometric
surface. The potentiometric surface head in the artesian aquifer is
controlled in part by the water level in the recharge area.

The artesian Floridan aquifer is the principal water bearing aquifer in the
westcentral Gulf area. The Floridan aquifer is confined in many areas by
relatively impermeable layers of dolostone with gypsum and anhydrite at the
base and by overlying deposits of clay and sandy clay.

The Phase IA site is south of the large potentiometric surface high
(recharge area) in the Floridan aquifer in central and east central Pasco
County. The potentiometric surface slopes generally southward toward
discharge areas in the vicinity of the Hillsborough River. Groundwater
flow in the highly transmissive Floridan aquifer is primarily through
solution enlarged joints and fractures.

Throughout most of westcentral Florida, the Floridan aquifer system

consists of two aquifers; the Upper Floridan aquifer which contains
freshwater (except along the coast) and the Lower Floridan aquifer which
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generally contains connate saltwater. The two units are separated by
confining beds that prevent the contamination of the upper Floridan aquifer
by upward movement of connate water.

The base of the Upper Floridan aquifer in west-central Florida is generally
placed at the first occurrence of vertically persistent, intergranular
evaporites in the Avon Park Formation.

In the region, the Upper Floridan aquifer generally has a pronounced
vertical anisotropy (Ryder, 1982). Permeabilities are lower in the Ocala
Limestone in general as compared to very high permeabilities found in
fractured and solution-riddled dolomitic zones within the Avon Park
Formation, as substantiated by flow-meter and specific-capacity tests by
Wolansky et al., (1980). Despite the large permeability contrasts, aquifer
test results indicate that enough vertical interconnection exists between
each zone to analyze the Upper Floridan aquifer as a single hydrologic unit
on a regional basis (Ryder, 1985).

3.1.3 GROUNDWATER QUALITY

The chemical quality of ground and surface water is generally good
throughout the Middle Gulf hydrologic system according to Cherry et al.,
(1970). Total dissolved solids is generally less than 500 milligrams per
liter (mg/1) in the groundwater and 20 mg/1 in the surface water. The
water within the shallow aquifer has components, such as iron, that can
make the water undesirable for use as discussed earlier. Near the coast,
the chemical concentrations of sulfates and chlorides in the Floridan
aquifer sometimes exceed the Secondary Drinking Water Standards (Chapter
17-3 F.A.C.).

Water quality data from within southcentral Pasco County indicate that the
surficial aquifer and upper Floridan aquifer contain calcium bicarbonate
type water that meets state water-quality standards for municipal supply
(Florida Department of Environmental Regulation, 1982, p. 102).
Geophysical logs from deeper zones within the Floridan aquifer show that
water quality in the upper Floridan is of a uniform nature (Leggette,

3-6



WCRWSAST.1/13

12,/9/86

Brashears, and Graham, Inc. 1979). At a depth of approximately 900 to
1,000 feet below msl, near the contact with the middle confining unit
(bottom of the Upper Floridan aquifer), water may become highly
mineralized. The middle confining unit contains highly mineralized sodium
chloride to sodium sulfate type water that is associated with intergranular
evaporites within the lower part of the Avon Park Formation (Hutchinson,
1985).

3.2 SITE SPECIFIC HYDROGEOLOGY

3.2.1 GEOLOGY

Well completion reports obtained from SWFWMD for the immediate surrounding
area, ROMP 85, the Cypress Creek Wellfield, and the Morris Bridge Wellfield
were examined in order to plan the construction and anticipate casing
depths for the test and observation wells for Phase IA. The well
completion reports examined from wells within 1 mile of the Phase IA site
indicate that the surficial aquifer lithology is highly variable with
surface sands from 2 feet thick (Permit #405867-13) in SW 1/4 Section 14,
T26S, R19E, to 31 feet thick (Permit #389807-13) in NW 1/4 Section 11,
T26S, R19E. Below the surface sand is generally a sandy clay or clay zone
above the limestone. Limestone was encountered at depths from 30 feet to
145 feet below land surface (bls) (Permit #406791) with most wells
reporting "lime" or limestone at 30 to 60 feet bls.

Cuttings from the boreholes for all the Phase IA observation wells and the
test/production well were closely monitored by CDM personnel during both
mud rotary and reverse air drilling operations in order to determine casing
depths and total borehole depth. The lithology from the cuttings is
described in Appendix C. Dual sample cuttings were collected and saved in
sample bags for each 10 feet or change of formation during mud rotary
drilling and for each 5 feet during reverse air drilling. One set of
samples was sent to SWFWMD and the other one was split between WCRWSA and
CDM.
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Using information from the Phase IA site geologic logs, a lithologic cross
section was prepared from DMW-IA+1950 through TPW-IA to DMW-IA+200 as shown
in Figure 3-1.

Shallow borings by M.P. Brown and Associates at the Phase IA Site (see
Appendix C) confirm the varied horizontal and vertical nature of the
surficial sediments. The surficial fine to medium grained sand (2 to 18
feet thick) grades downward into slightly clayey to clayey sand. In most
locations, a thin layer (0.5 to 8 feet thick) of a low permeability
plastic, cohesive, waxey clay is located immediately above the first
limestone which is located at a depth of 20 to 39 feet (M.P. Brown &
Associates, August 1986);

3.2.2 AQUIFER SYSTEM
Surficial Aquifer

The water table is generally 2 to 4 feet below land surface except in the
low areas where the surficial aquifer intersects the surface to form
wetlands. Although the upper portion of the surfical aquifer is a
permeable sand, the material quickly grades into a low permeability
slightly clayey to clayey sand. Therefore, the surficial aquifer probably
has a low storage coefficient and a low vertical permeability.

The surficial aquifer is rapidly recharged by local rainfall. During heavy
rains numerous shallow depressions in the nearby pasture flooded to form
recharge sinks. After the start of the rainy season (June 1986), a number
of seeps or marshy areas were noticed near the base of the slopes,
especially adjacent to the wetlands. During the dry period of the
investigation (April-May), the water table in the vicinity of the test
production well had retreated to 4-5 feet bls into the less permeable,
slightly clayey sand.

The base of the surficial aquifer is above the waxey clay and/or the sandy
clay found immediately above the first limestone unit. These clays act as
the confining unit for the Floridan aquifer. A permeability test conducted
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on a Shelby tube sample of the plastic, waxy clay found in most areas
immediately above the first limestone had a very low permeability estimated
to be less than 1x10™% cm/sec (2.8x107° ft/day) (Appendix C, Geologic
Logs).

Floridan Aquifer

The Floridan aquifer is located in the thick sequence of limestone and
dolostone beginning at a depth of approximately 30 feet bls to below the
bottom of the deep wells at 700 feet bls. Wolansky and Garbade (1981)
place the total thickness of the Floridan aquifer at approximately 950 feet
in the vicinity of the Phase IA site.

During the dry period (April-May) of the investigation, the potentiometric
surface of Floridan aquifer was nearly the same elevation or slightly above
the water table at the deep monitor well located 200 feet from the test
production well. In the low lying wetlands, including Cabbage Swamp, the
potentiometric surface is probabiy above the water table at times during
the year, allowing upward leakage (recharge) to the surficial aquifer. At
the start of the wet season in June, the water table level in the
SMW-IA+500 quickly increased to above the Floridan potentiometric surface.
Information on the response of the Floridan aquifer to rainfall recharge of
the surficial aquifer is found in Section 6.3.1.

3.2.3 WATER QUALITY

Water quality samples were obtained and evaluated a number of times during
the drilling and aquifer performance testing. Field conductivity and
temperature of the borehole water were taken at each change of drilling rod
(30 feet) during reverse air drilling. There was no significant change in
field conductivity readings with depth or between wells. The field
readings were consistent with laboratory conductivity readings. Laboratory
conductivity results ranged from 120 to 350 micromhos per centimeter
(mmhos/cm). Water quality samples were collected by WCRWSA personnel
during the APT and analyzed for primary and secondary drinking water
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standards as established by EPA and Florida Administrative Code, Chapter
17-22. The test results indicate that water from the Floridan aquifer at
the test site meets the established drinking water standards. The testing
and sampling procedures and analyses are further discussed in Section 4.4.
The water quality test results are included as Appendix I.

3.3 BOREHOLE GEOPHYSICS

3.3.1 SITE SPECIFIC

Geophysical well logging (borehole geophysics) involves lowering an
electronic sensing deviceiinto a borehole to record and/or measure various
physical parameters. The information is interpreted as characteristics of
the rocks, fluid contained within the rocks, and/or how the well was
constructed. Geophysical logs provide the only practical measurement of
the undisturbed subsurface sediments and fluids.

Geophysical logs were run in each of the deep observation wells and the
test production well for Phase IA. The geophysical logs that were
performed in this logging program were:

a. Caliper

Spontaneous potential
c. Single point, long and short normal resistivity
d. Temperature

1. static
3. Pumping
e. Flowmeter
1. Static
2. Pumping
f. Fluid resistivity
1. Sstatic
2. Pumping

g. Gamma Ray
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The geophysical logs obtained were compared with other logs from the well
site, logs of the other wells, and the lithologic logs to obtain
semi-quantitative information on such parameters as permeability
(indirectly), porosity, formation resistivity, pore water quality,
magnitude and direction of fluid flow, and indication of the source of the
groundwater. Although none of these characteristics of the formation and
groundwater is measured directly by any particular log, strong inferences
are provided which can be interpreted in conjunction with the lithologic
logs and knowledge of the local geology. Copies of all the logs are
included in Appendix D.

All of the wells showed very similar geophysical logs. The following
sections present a summary of the interpretations of the logs emphasizing
the similarities and significant differences.

Caliper Log

The caliper log measures the average diameter of the casing or borehole.
The diameter of the borehole provides information on the type of lithology
and consolidation (induration) of the formations. This tool is useful in
the determination of washed-out (increased borehole diameter) zones,
cavities, and for locating defects inside the casing. The caliper log can
also be used to a limited degree for stratigraphic correlation. Caliper
logs were also used to correct for changes in borehole diameter which
directly affect some logs, such as short and normal electric and fluid

velocity logs.

The caliper logs from all the wells indicated that there was no
misalignment of the casings or bad welds within the casings. All of the
logs show a typical washed-out area at the end of the casing, which may be
either from the overdrilling of the larger diameter hole into which the
casing was placed or the comparatively soft limestone material. Thin
streaks (peaks) in the log plot indicate softer zones that were washed out.
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The caliper logs of all the deep wells show the same general configurations
and depths of washed-out areas. The test production well description is
representative of the zones in all of the wells although it shows an
exaggerated plot due to the larger diameter of the borehole and increased
relative diameter in the washed-out zones.

The test production well has washed-out areas to nearly 40 inches in
diameter within the sandy textured limestone found at a depth from 180 to
200 feet with a 32-inch diameter at 280 to 322 feet within fossiliferous
limestone, and irregular washed out streaks in excess of 40 inches diameter
at 322 to 348 feet within a soft foraminiferal coquina zone.

The borehole approaches near bit gage (diameter) in the hard fractured
dolostone at 512 feet in DMW-IA+1950, 510 feet in DMW-IA+500, 520 feet in
DMW-IA+200, and 518 feet in TPW-IA to the bottom of the boreholes.

The TPW-IA caliper plot shows the largest number of cavities and solution
zones including occurences at 546-551, 623-630, and 633-642 foot depths in
the hard, fractured dolostone zone. It should be noted that the caliper
logs detect only horizontal cavities or fractures, and many vertical
fractures are usually found in this dolostone zone.

The observation well at the 200 foot distance from TPW-IA shows a larger
number of cavities or fracture zones within the dolostone than does
DMW-IA+500. The DMW-IA+1950 plot shows the fewest fractures on the caliper
log.

Electric Logs

The electric logs are part of a series of logs divided into two major
components, resistivity and spontaneous potential (S.P.). The electric
resisitivity of a rock (resistance per unit volume) depends primarily on
the amount of fluid it contains and its electric conductivity. The amount
of fluid contained within the rock is a function of the porosity of the
rock. The three subtypes of resistivity logs are the long (64 inch) and
short (16 inch) normal, and single-point. The difference of the logs is

3-12



WCRWSAST.1/13

12/9,/86

the spacing of the electrical current generating device and the receiver,
with large spacing allowing the transmission of the signal further into the
rock and eliminating drilling fluid interference. The electric logs are
sensitive to borehole diameter. The single-point log was not performed on
DMW-1A+500, but was performed on the other wells.

The single point resistivity log has a very limited depth of investigation
and, furthermore, does not make its measurement on a fixed volume of rock.
It can be used for determining formation contacts and for ascertaining
qualitatively that resistivities are relatively high or low with respect to
one another.

The spontaneous potential (S.P.) logs are records of the potential small
electrical current (voltage) generated at the boundaries of dissimilar
units of rock, especially between permeable and less permeable units. The
movement to the right or left of the "shale line" indicates the
permeability of the rocks as well as the salinity of the water. This type
of log is also useful in stratigraphic correlation.

Because the well boreholes below the casings were drilled by reverse air,

the resistivity of the borehole fluid (water) and the formation water are

approximately equal, creating small S.P. deflections with a lack of detail
when compared with those from mud rotary drilled wells.

The single point, long and short normal electric logs cannot be run inside
the casing, therefore the first 130 to 150 feet of the logged depth are not
interpreted. The single point resistivity logs are very similar for
TPW-IA, DMW-IA+200 and DMW-IA+1950, although the response is suppressed for
TPW-IA because of the greater distance from the probe to the borehole wall.
The response is greatly affected by the irregular diameter of the wells.
There is a strong decrease in resistance (negative spike) near the contact
between the limestone and first dolostone layer in DMW-IA+200 which may
reflect a high permeability zone or peat layer. There are similar
responses for the other wells within the same zone.

3-13



WCRWSAST.1/13

12/9/86

From about 520 feet to the bottom of the wells, the single point log shows
a strong cyclic response, typical of the fractured dolostone zone with high
resistivity of the low permeability dolostone and much lower resistivity in
the water filled cavities and fractures.

The short and normal electric logs show some resistivity from the bottom of
the casing to a depth of between 240 feet to 260 feet indicating low
porosity zones. From 240 feet to the 360 feet bls depth, the apparent
resistivity is low, probably due to the washed out zone and the greater
porosity of the foramiferal coquina. From about 360 to 420 feet bls, there
are indications of some porous zones in the lithologic unit. From a depth
of 420 to approximately 510 feet bls, again the logs indicate low
resisitivity and a relatively porous formation.

The S.P. logs from 150 to 500 feet bls show virtually no change, indicating
that there are no sharp bedding plane contacts of different electrical
potential, which indicates a uniformity in the lithology. Starting at 500
feet bls. the resistivity and the S.P. Logs show a typical dense, fractured
dolostone series with little interstitial porosity. This series extends to
the bottom of the borehole.

Natural Gamma Ray

The gamma ray log records natural gamma radiation emitted from formations
adjacent to the borehole. The gamma radiation detected is primarily from
the radioactive decay of naturally occurring isotopes; potassium 40, and
daughter products in the uranium and thorium decay series. The gamma
radiation is measured in counts per second (cps). Slight changes in the
depositional environment or sediment source can greatly influence the
amount of radioactive isotope concentration. The gamma ray log can be run
through cased holes. The gamma ray log can be used also in regional
stratigraphic correlation.
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A slightly elevated gamma count at 24 to 28 foot depth at DMW-IA+1950
probably indicates a clay layer. The gamma radiation cps are slightly
attenuated at TPW-IA because of the greater distance (radius) from the
probe to the borehole wall.

The highest cps peaks for the gamma ray logs were recorded at about the
same depth below land surface. The highest peak was at 188 feet for DMW-
IA+500, 168 to 173 feet for DMW-IA+200 (over 100 cps), and 177 feet (90
cps) for TPW-IA (soft to medium limestone with shell fragments). A broader
peak between 150 and 164 feet depth (50 cps) was recorded at DMW-IA+1950 in
a similar limestone.

Each well also has similar depth gamma ray peaks recorded at greater
depths. There is a double peak at the 380 and 384 foot depth (30 cps) in
DMW-IA+500, a broad peak between 390 and 410 foot depth (30 cps) in
DMW-IA+200, two peaks at 378 foot (30 cps) and 385 foot (25 cps) depth at
DMW-IA+1950, and a peak between 393 to 409 foot depth (20 cps) in TPW-IA.
There is a strong gamma ray peak of 70 cps found at 426 feet depth bls in
TPW-IA and 68 cps at a comparable depth of 424 feet in DMW-IA+200, but this
peak is not found in the other two wells.

Fluid Conductivity Logs

A fluid conductivity probe measures the conductivity (reciprocal of
resistivity) of the borehole fluid passing through electrodes inside the
probe. This is the most direct method for measuring water/fluid
conductivity. The main purpose is to find zones of major fluid character
changes and to eliminate the properties of the rock itself found in the
electric resistivity logs.

The conductivity logs for all the wells under static conditions indicate
borehole water with conductivity of approximately 250 mmhos/cm within and
immediately below the casing. This relatively low value indicates that any
drilling fluid in this zone has been flushed out and ionic concentration
(e.g., chlorides) are low. There is a very slight increase in conductivity
with depth to approximately 275-290 mmhos/cm, below which conductivity
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stabilizes. Under pumping conditions, essentially a straight line of about
275 mmhos/cm is produced, indicating that most of the water is produced
from the lower part of the wells. There appears to be no water quality
degradation with depth in any of the wells as measured by fluid

conductivity values.

Temperature Log

The temperature log measures the temperature of the fluid in the borehole
and/or the casing. The temperature log can be used to detect flow zones
and temperature gradients. Thick homogeneous formations exhibit a distinct
geothermal gradient that is a function of the formation minerology, ‘

porosity, and groundwater circulation.

Under static conditions, the temperature increased with depth below the
bottom of the casing. The lowest temperature profile recorded for a well
was at DMW-IA+200 where the temperature increased from 73.3°F near the
bottom of the casing to 76.0°F at the bottom of the well. The TFW-IA
temperature gradient was from 76.1°F to 76.7°F at the bottom of the well,
DMW-IA+500 temperature gradient was from 75.4°F to 76.7°F, and DMW-IA+1950
was warmest with a temperature gradient from 76.3°F to 77.0°F. The charts
show a slight increase in the temperature gradient within the dolostone
below the 500 foot depth.

The temperature logs that were made under pumping conditions all indicate a
further increase in water temperature at the bottom of the wells, possibly

indicating that warmer water from a greater depth was entering the wells.

Fluid Velocity Logs

Mechanical flowmeters directly measure vertical flow within boreholes.
Quantitative results require the borehole to be uniform in diameter or
adjustments have to be made to the velocity based on data from the caliper
log, using the formula Q=1/4d’V  where:
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Q = flow in counts per second (cps)
d = diameter
V = velocity (cps)

The fluid velocity log under pumping conditions was used to infer quantity
(percentage) contributed from specific producing zones. The fluid velocity
log under static water conditions was used to determine if there was
circulation (water flowing in and going out) between different zones.

The "noise" recorded as small jagged peaks on the static and pumping
flowmeter logs makes them difficult to interpret. The noise is probably
due to the probe scraping along or snagging on the jagged borehole walls.

No large volume flow interchange between different zones in the Floridan
aquifer was detected in any of the wells. There may be some flow at
DMW-IA+500 between zones below 580 feet and in the vicinity of 400 feet.
There may also be limited flow between zones below 640 feet and the 370
feet level in TPW-IA.

Pumping flowmeter logs indicate that over 90 percent of the flow in all of
the wells is from the fractured dolostone found below approximately 520
feet and approximately 80 percent of the flow is from fractured and
cavernous zones below 600 feet. The strongest flow zones appear to be from
near the bottom of the wells (700 feet) to approximately 660 feet except at
the TPW-IA where the strongest flow on the log plot is in a cavernous zone
between the 614 - 636 foot depth.

Summary of Geophysical Logs

The geophysical logs indicate good well casing and borehole construction.
The logs also reflect a typical West Coast Floridan aquifer lithology
consisting of approximately 30 feet of unconsolidated surface sand and
clay, limestone becoming more dolomitic with depth to approximately 500
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feet, and dense, fractured dolostone from that depth to bottom of the
boreholes. Approximately 80 percent of the flow is from the fractured
dolostone and cavernous zones below 600 feet. The conductivity under
pumping conditions was approximately 275 mmhos/cm and the static logs
indicated good water quality with no significant change with depth.
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4.0 WELL DESIGN AND CONSTRUCTION

Information on each of the wells including identification code, diameter of
casing, depth of casing, depth of borehole, drilling method used,
development time, as well as start of construction and completion date is
listed in Table 4-1. A well location map is shown on Figure 4-1.

4.1 TEST PRODUCTION WELL

A 22-inch diameter borehole was drilled without a pilot hole because there
were sufficient data available to indicate that favorable water producing

characteristics of the Avon Park are reliably encountered in the area. 1In
addition, the presence of a favorable production zone at the Phase IA site
was indicated by the geophysical logging of DMW-IA+500.

In general terms, construction of the test production well consisted of
vibrating a 32-inch diameter steel surface casing to the first limestone at
an approximate depth of 30 feet bls. Then a 30-inch diameter hole was
drilled into competent limestone (a depth of approximately 130 feet) using
the conventional mud rotary method. Casing was then installed and the
annulus sealed with cement grout. Finally, a 22-inch diameter open
borehole was drilled to a depth of 715 feet bls using the reverse air
method (see Figure 4-2).

4.2 DEEP MONITOR WELLS

Three deep monitor wells were installed at the Phase IA site in order to
monitor water level changes within the Floridan aquifer. The wells are

positioned at 500 feet, 200 feet, and approximately 1,950 feet from the

test production well. Deep monitor wells DMW-IA+500 and DMW-IA+200 are

located to form a right angle to the test production well. The relative
locations of the wells are shown in Figure 4-1.

General construction methods for the deep monitor wells involved first
setting 16-inch diameter temporary (surface) casing to a depth of
approximately 30 feet where limestone was encountered. Then a 15 3/4-inch
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Table 4-1
Well Construction Information
Depth Drilling Development Start/Completion
.Well No. Diameter Casing Borehole Methods Time Dates
DMW-1A+500 8" 150' 705" 0'-151' - Mud Rotary 18 hrs. 3-11-86/5-7-86
1561'-705' - Reverse Air ,
DMW-1A+200 8" 130' 704" 0'-131' - Mud Rotary 16 hrs. 4-9-86/4-18-86
| 131'-704' - Reverse Air
TPW-1A 24" 130' 715" 0'-131' - Mud Rotary 65 hrs. 4-9-86/5-12-86
. 131'-715' - Reverse Air
DMWIA+1950 8" 130' 706' 0-131' - Mud Rotary 14.5 hrs. 5-19-86/5-26-86
' 131'-706' - Reverse Air
SMW-1A+500 4" 15' 20' Wash out 2 hrs. 5-9-86/5-13-86

SMW-1A+200 4" 15' 20' Wash out 3 hrs. 5-9-86/5-10-86
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diameter borehole was drilled to approximately 131 feet bls using the mud
rotary method. An 8-inch diameter steel casing was then installed to a
depth of 130 feet bls and the annulus surrounding the casing was grouted to
the surface with neat cement. Finally, a 7-7/8-inch diameter hole was
drilled to approximately 700 feet bls using reverse air methods. The only
significant deviation from this procedure is in the case of DMW-IA+500.
DMW-IA+500 was the first well drilled and it was cased to a depth of 150
feet bls instead of 130 feet bls. It was decided at this time that the
formation was sufficiently stable so that only 130 feet of casing was
required for the remaining wells (see Figure 4-3).

Upon completion of each deep monitor well, a Stevens Type F water level
recorder was installed. Water level recorders were used to record
drawdowns during the step-drawdown test and continuous performance test.
In addition, they were used to collect baseline water level information
which allowed for corrections to water levels due to regional
potentiometric level changes, as well as for significant rainfall events.

4.3 SHALLOW MONITOR WELLS

Shallow monitor wells were installed 20 feet from DMW-IA+200 and
DMW-IA+500, respectively, in order to monitor the water level changes in
the surficial (water table) aquifer during the APT.

Construction of the shallow monitor wells involved washing out surface
material to a depth of approximately 20 feet bls inside of 10-inch
temporary surface casings. The surface casings were pulled and 4-inch
diameter PVC pipe with 5 feet of .010 slot screen was installed in the
hole. A gravel pack was placed around the well screen to a depth of 13
feet bls followed by a sand cap to 11 feet bls. The well annulus was
grouted to the surface with neat cement (Figure 4-4) and the monitor wells
were developed (Table 4-1).
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Stevens Type F water level recorders were installed on the shallow monitor
wells. Because the 4" PVC casings used for the shallow monitor wells could
not accommodate both the float and the counter weight used for the Stevens
recorders, 2-inch diameter dry wells were installed adjacent to the shallow
monitor wells to a depth of approximately 5 feet bls.

4.4 WELL SAMPLING PROCEDURE

During drilling of the test production well and the deep monitor wells,
formation cuttings were examined and described and water quality samples
were taken by CDM hydrogeologists. While using the mud rotary method,
cuttings were sampled every 10 feet or every formation change (whichever
came first). After changing to reverse air drilling, sample cuttings were
taken every 5 feet or every formation change. |

Water samples were collected only during reverse air drilling. Water
samples were collected every 90 feet (every third drill stem change) and
taken to the Authority laboratory at Cypress Creek Wellfield for analysis.
Temperature and electrical conductivity of the formation waters from the
bottom of the borehole were measured at the site every 30 feet (change of
drill stem). Water quality samples were not taken during drilling at
DMW-IA+500.

Water quality samples were taken by WCRWSA personnel at 73 hours into the
APT and at 143 hours, shortly before the end of the APT, and analyzed for
primary and secondary drinking water standards in accordance with F.A.C.,
Chapter 17-22.

4.5 EQUIPMENT USED

Equipment used at the Phase IA site included a Gardner-Denver drilling rig,
a Failing 2500 drilling rig, a bulldozer, a backhoe, a low-boy trailer,
several pick-up trucks, air compressors and steel mud pits. Steel-lined
mud pits were used during all well drilling to prevent bacterial
contamination of the groundwater.
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5.0 TEST PROCEDURES

Two separate pump tests were performed at the Phase IA Site. The initial
test was a step-drawdown test used to determine the well performance
(efficiency) of the test production well. An aquifer performance test was
used to determine the aquifer properties in the vicinity of the wells.
Water quality characteristics of the groundwater were also determined
during the APT. Appendix B contains a chronological log of field related
events, including the dates when the two tests started and ended, as well
as additional project milestones.

5.1 WELL SITE PLAN

The well layout plan was described in Section 4 and Figure 4-1. Stevens
Type F recorders were placed on each monitor well (deep and shallow) in
order to record changes in water level before, during and after each phase
of testing. A nonrecording rain gage was installed in an open area in the
vicinity of TPW-IA. One week prior to the APT, a second nonrecording rain
gage was placed in the vicinity of the third monitor well located
approximately 1,950 feet from the test well. The second rain gage was to
observe the local variability in rainfall amount due to convection type
thunderstorms.

Also, prior to the APT, 3 staff gages were placed in wetland locations to
monitor the water level changes (Figure 2-3). This procedure was intended
to give additional insight on leakance from the surficial aquifer to the
Floridan aquifer during the APT.

Prior to both the step-drawdown test and the APT, a turbine pump driven by
a diesel engine was placed in the test production well. A 12-inch diameter
discharge pipe with a 10-inch orifice plate and manometer at the discharge
end transported the pumped water approximately 1,100 feet away from the
test site to flow into Trout Creek. It was necessary to transport the
discharge water away from the pumping well because any significant recharge
near the test site could have affected test results.



WCRWSAST.1/17
12/9/86

5.2 STEP-DRAWDOWN TEST

The objective of performing a step-drawdown test is to obtain information
about the performance and efficiency of the well being pumped. The result
is usually reported in terms of observed drawdown, well yield, well loss
and the calculated specific capacity. These data taken under controlled
conditions give a measure of the capacity of the completed well and provide
data on which the selection of pumping equipment can be based (Johnson UOP,
1975). The step-drawdown test was also used to observe the reactions of
the observation wells prior to performing the APT.

The 12-inch discharge pipe was equipped with a recording totalizer gage, a
gate valve, and at the discharge end, a 10-inch orifice plate and
manometer. Prior to the test, throttle rates for the diesel were selected
by setting the gate valve and adjusting the throttle until selected pump
rates were obtained as observed at the manometer and totalizer gage.

Three stepped pumping rates were used for the test. Each step or pumping

interval was followed by a period of recovery lasting an identical period

of time. The initial step was at 1,040 gpm, second step at 1,920 gpm and

the third step was at 3,740 gpm. Each step and associated recovery phase

lasted 70 minutes. The entire test lasted approximately 6 hours. Results
of the test are discussed in 6.1 and Appendix F.

During the test, water levels were taken at the test production well with
the aid of an electric sounder (M-Scope). The M-Scope probe was lowered
into the test production well through a l-inch nominal diameter PVC pipe
open at the bottom. The pipe was used to minimize the effects of
turbulence from the pump so that accurate water level measurements could be
obtained.

The time intervals used for M-Scope readings during the step-drawdown test
were every 15 seconds for the first minute, every 30 seconds to 5 minutes,
every minute to 10 minutes, every 2 minutes to 20 minutes and every 5
minutes to 70 minutes. The same procedure was used for each recovery
phase. As an equipment test for the subsequent APT, Steven Type F
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recorders on the monitor wells were manually marked every 5 seconds for the
first minute, every 10 seconds for the second minute every 15 seconds for
the third minute, etc. during the test. The recorders were operated
manually in order to accurately indicate the short time intervals on the
charts.

5.3 AQUIFER PERFORMANCE TESTING

The APT consisted of pumping TPW-IA for a period of 6-days at a rate of
2,150 gpm and recording both the drawdown in that well and the drawdown
caused by this pumping in the other monitor wells. The recorded drawdown
was used to calculate aquifer properties. Recovery water level data were
collected for 9-days after shutdown of the APT on a daily basis and the
water level recorders were then adjusted for monthly recording.

Prior to conducting the constant discharge APT, the test pump had to be set
at the selected constant rate. This was accomplished in a short period of
time by opening the gate valve half way, starting the pump and then
simultaneously observing the manometer near the discharge end of the pipe
and the totalizing meter installed near the pump. Since a yield of 2,150
gpm was desired and the discharge pipe was 12-inch with a 10-inch orifice
plate, a manometer reading of 19 inches of water was required to be
maintained during the test. The pumping rate was set with a manometer
reading of 19.0-inches and the totalizing meter reading at 2,170 gpm.

Immediately prior to the APT, the Stevens recorder papers were changed and
the recorders were again checked for malfunctions. Also, the discharge
pipe was checked for leaks. During the hour before beginning the test, the
water level was measured with the M-Scope and recorded every 15 minutes in
the test production well.

A person was stationed at each water level recorder to manually mark the
short time periods during the early part of the APT. Time intervals for
recording drawdown data in the monitor wells were every 5 seconds for the
first minute, every 10 seconds for the second minute, every 15 seconds for
the third minute, etc. The time interval for recording drawdowns
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eventually increased to 2 hours and remained at this interval for the
remainder of the test. Throughout the remainder of the APT, a
hydrogeologist checked or recorded information from the recorders, staff
gages, test production well, flow meter, and manometer every two hours.
Recorders were set so that their pens would move a distance equivalent to
the width of chart paper each day. After the chart papers were removed,
drawdown data were taken from the charts and tabulated. The tabulated data
were then plotted in the field on log-log and semi-log graph paper using
the Cooper - Jacob straight line method, distance drawdown method and the
Theis curve matching method. Near the end of the APT, each method
indicated that the aquifer was stabilizing. Rain gages were also checked
daily and barometric pressure data, tide tables and regional rainfall data
were obtained from various sources (see Section 6.3). ROMP #85, a deep
well near Zephyrhills (Figure 1-1), was used as a source of background data
to indicate regional groundwater trends. Also, water samples were
collected from the test well after 12 hours, and every 24 hours thereafter
to be used for water quality analysis. Water quality parameters checked
included chlorides, sulfates and total dissolved solids.

During the aquifer test, all pump test equipment performed properly. The
manometer was constant at between 19.0 - 19.5 inches and the totalizer flow
meter near the gate valve read between 2,140 and 2,150 gpm for the entire
duration of the test. Also, there were no observations of large scale
water withdrawals or spray irrigation applications within a 3 mile radius
of the site during the test.
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6.0 TEST ANALYSIS METHODS AND RESULTS

6.1 STEP-DRAWDOWN TEST

On May 17, 1986 a step-drawdown test was performed on the test production
well as discussed in Section 5.3.

Analysis of the data indicated that the test production well is extremely
stable, neither experiencing development nor clogging at the tested pumping
rates. The well loss was calculated to be less than one foot at the
designed pumping rate of 2,100 gpm. The results of the test data analysis
are shown in Table 6-1 and the methodology is included in Appendix F.

6.2 FIELD OBSERVATIONS DURING THE APT

The APT was started on June 17, 1986 at 10:30 a.m. The pump was shut down
144 hours later to start the recovery phase of the APT. The drawdown data
was extracted and reduced daily from the charts to form time and drawdown
test data tables. After sufficient data was available, this uncorrected
data was used to determine approximate transmissivity values and the
delayed response between the shallow surficial and Floridan aquifers.

Observed groundwater level data at the Phase IA site wells for the period
before, during, and after the APT is shown on Figure 6-1. The two shallow
wells responded differently to local rainfall with SMW-IA+500 having a much
greater response than SMW-IA+200. The rainfall caused a rapid rise of the
water table at SMW-IA+500 above the Floridan aquifer potentiometric surface
and the water table also declined rapidly, probably due to lateral drainage
toward a depressional area to the north. The SMW-IA+500 also responded
more slowly and to a lesser degree to the APT.

The water table at SMW-IA+200 was generally lower than the Floridan aquifer
potentiometric surface before and after the APT, even after rain events.
The water table closely paralleled the Floridan aquifer with slight
declines between rain events that are indicative of evapotranspiration
and/or lateral drainage in the surficial aquifer.
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Table 6-1
Results of Step-Drawdown Test of TPW-1A
Pumping Specific well
Rate (gpm) Capacity (gpm/ft) Loss (ft)
1,020 408 0.25
1,920 375 0.83
3,740 325 3.19
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The rise in potentiometric levels at the deep observation well sites in
response to local rainfall shown on Figure 6-1 is probably due to a rise in
the total vertical stress on the moderately confined aquifer. This
increased stess is caused by the added weight of rainfall that has fallen
and infiltrated into the surficial unit. Increased fluid pressure is a
significant compensatory reaction in the underlying aquifer to increased
total stress applied from above. As stated by Freeze and Cherry (1979),
the total vertical stress at any point is due to the weight of the
overlying rock and water; the total stress equals the stress borne by the
granular skeleton of the porous medium (i.e., the effective stress) plus
the fluid pressure of the water in the pores. The hydrogeologic system
responds to the additional stress because of the following attributes: (1)
the low permeability and consequent water-retaining nature of the
predominately fine-grained surficial sediments, (2) the thinness yet low
permeability of the primary confining unit, and (3) the low storativity of
the moderately well confined aquifer and the consequent sensitivity of the
potentiometric level to increased stress from above.

During the APT, the cone of depression surrounding the pumping well caused
drawdowns in the Floridan aquifer ranging from approximately 2 feet at
DMW-IA+1,950 to about 5.4 feet at DMW-IA+200. The drawdown at the pumping
well (TPW-IA) reached approximately 8 feet during the APT. The water level
data for TPW-IA are plotted on Figure 6-2.

During the APT the maximum drawdowns in the shallow wells ranged from
approximately 2.9 feet at SMW-IA+500 to 4.0 feet at SMW-IA+200. The
drawdown of the surficial aquifer does not represent a significant overall
downward leakance through the semi-confining layer, but occurs because of
the low specific yield of the clayey sands of the surficial aquifer. The
almost Theis-like response of the deeper aquifer confirms the relatively
low leakance.

Using the uncorrected data, and treating the aquifer as being fully
confined, the Cooper-Jacob straight-line method (Fetter, 1980) plot gave a
transmissivity (T) of 438,650 gpd/ft for TPW-IA (Figure 6-3). Using
simultaneous observations at the three deep monitor wells, a modification
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of the Cooper-Jacob straight-line method referred to as the
"distance-drawdown method", was plotted. This effort was not as successful
as the plots did not fall on a straight line. A value of transmissivity
(T) between 630,000 and 420,000 gpd/ft was obtained.

6.2.1 STABILIZATION

The data plots were also used during the APT to ascertain when the aquifer
had essentially stabilized (Figure 6-3), which was one of the criteria
imposed by the SWFWMD before the pump test could be terminated.
Stabilization of the aquifer was approximated prior to the termination of
the APT as demonstrated in Figure 6-3 when the water level began -
fluctuating up and down a few hundredths of a foot in response to factors
other than the pumping of the well.

6.3 TEST DATA EVALUATION

Because the APT was scheduled to last a minimum of 5 days with an equal
recovery time, factors that might affect the potentiometric surface during
the pump test had to be determined. Proper analysis of the aquifer test
data required that corrections be made to the observed water level changes
in order to eliminate natural changes caused by barometric and tidal
fluctuations, precipitation and regional change (trend) to the
potentiometric surface of the Floridan aquifer.

Barometric, tidal, precipitation, and background well (regional trend)
information was collected for a minimum of two weeks prior to the test,
during the test, and during the well recovery period in order to determine
the necessary correction factors.

6.3.1 RAINFALL

Figure 6-4 shows the rainfall at the three rain gage sites. The change in
the potentiometric surface level, and the time required for the water level
response, were determined for both the surficial and Floridan aquifer for

several measured rain events prior to and after the APT. From this data a
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small drawdown correction factor (change in potentiometric surface per unit
time per inch of rainfall) was calculated for the two major rain events
that occurred during the pump test. This correction factor was used
together with the other correction factors discussed later in this section
to produce the corrected computer generated aquifer drawdown curves
(Appendix H).

6.3.2 TIDAL/BAROMETRIC EFFECTS

A cyclic variation in the potentiometric surface with a maximum magnitude
of 0.03 to 0.04 feet was observed in the deep wells. The cyclic nature of
this variation indicated that the fluctuation could be either tidal or
barometric in origin. A similar cyclic variation in water level was also
observed when the data from ROMP #85 was plotted.

Tidal data for the month of June were obtained from NOAA for Tampa Bay.

The cyclic nature of the observed water level changes did not appear to
match the lunar progression shown in the tide tables, but appeared to occur
about the same time each day. The distance from the aquifer site to the
point of contact between the aquifer and tidal waters also appeared to be
too great to give the observed response.

Barometric pressure data were obtained from a WCRWSA recording barometer
located at the Topp of Tampa Airport. The observed barometric pressure was
converted to feet of water head (Figure 6-5). The local barometric
pressure experienced diurnal changes as much as 0.10 feet of water with an
average of 0.05 feet of water. Todd (1980) states that barometric
efficiency for a confined aquifer usually ranges from 0.2 to 0.7. The
observed barometric efficiency was approximately 0.6.

The changes in the potentiometric surface caused by the fluctuations of the
barometric pressure are negligible when compared with the changes in the
potentiometric surface caused by the pumping during the early stage of the
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aquifer test. The diurnal high and low pressure changes tend to cancel
each other over a period of a day or greater (later stage of APT).
Therefore, barometric pressure changes in the potentiometric levels were
not considered to be significant in the pump test analysis.

6.3.3 REGIONAL TRENDS

Because of the dynamic nature of the Floridan aquifer, the regional
potentiometric surface falls during dry periods (discharge exceeds
recharge) and rises during wet periods (high recharge). Initially, two
wells were chosen as background or regional trend wells. ROMP #85 well
(Lat. 28° 14’ 25", Long. 82° 19’ 25") is a 500-foot deep Floridan well
located approximately 4 miles northeast of the site with a permanent
recorder installed. The Immer deep well (Lat. 28° 11’ 12", Long. 82° 21’
13") is measured periodically by USGS as part of a Floridan well network
used in preparing potentiometric surface maps for the SWFWMD region. The
locations of these wells are shown in Figure 1-1.

Water level data (provisional data) recorded at l-hour intervals for the
month of June for ROMP #85 was obtained from the Tampa office of USGS.
Figure 6-6 shows the upward trend at ROMP #85 during June, 1986.

Daily hand-taped water level measurements were taken by CDM at the Immer
deep well. It was soon discovered that after a rain event the water level
in the well could not be measured because surface water entered a hole for
the electrical cable in the casing, collected around the sanitary collar,
and ran into the well when attempts were made to measure the water level
through the access plug hole in the sanitary collar. Therefore, water
levels could only be measured when the water table was below the opening in
the casing. Figure 6-7 shows a comparison of water levels for June 1986 of
ROMP #85, the Immer deep well, and TPW-IA. The figure shows that the
relative changes in the potentiometric surface are similar.
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A correction factor for the regional change in the potentiometric surface
was calculated using the average slope of the change in water level at ROMP
#85 (Figure 6-6). An average change in head per unit time was calculated
and applied to the observed water levels for the APT. This change is
reflected in the trend corrected water levels (see Appendix H).

6.4 PARTIAL PENETRATION EFFECTS

One of the causes of departure from the theoretical curve during aquifer
pump tests is partial penetration. Wells that do not penetrate the entire
thickness of the pumped aquifer create vertical flow gradients near the
wells during pumping that makes the analytical methods for fully
penetrating wells inaccurate unless data corrections are made. All of the
deep wells at the test site are approximately 700 feet deep. Therefore,
they penetrate about 670 feet of the Floridan aquifer which is estimated to
be 950 feet thick (Wolansky and Garbade, 1981) in the vicinity of the site
or about 70 percent of the aquifer thickness.

Differences in the drawdowns produced by partially penetrating wells
diminish with increasing distance from the pumping wells. The partial
penetration effect is not significant if the monitor wells are farther than
1.5b(Kh/’Kv)l/2 distance units where b = aquifer thickness, K = horizontal
hydraulic conductivity, and K = vertical hydraulic conductivity (Fetter,
1980). However, the monitor wells at the Phase IA site, were calculated to
be close enough to the test well to have partial penetration effects on all
of the monitor well data.

The partial penetration correction equation by Hantush (1964) was used in a
computer program to provide a partial penetration correction factor for
each monitor well (Appendix H) in order that the analytical solutions for
fully penetrating wells could be used.

6.5 APT ANALYSIS METHODS

Using computerized data management procedures developed by CDM, the aquifer
test data, tidal, barometric, rainfall, and regional data were tabulated.

6-7
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As discussed in Section 6.3.2, it was determined that barometric and tidal
effects were insignificant. However, the regional potentiometric surface
trends projected from ROMP #85 were significant (Section 6.3.3). In
addition, two local rain events affected the observed data (Section 6.3.1).
Corrections for partial penetration (Section 6.4) for the deep observation
wells and for well loss for TPW-IA (Section 6.1) were also made to the
drawdown data. The correction factors and corrected drawdown data are
shown in Appendix G.

After corrections for partial penetration, well loss, regional trend, and
rain events were made to the drawdown data files, semilog and log-log plots
of the data were generated to be used with the various analysis methods.

As previously stated, observations during drilling operations and shallow
borings performed by M.P. Brown & Associates (August 1986) indicated that
the confining beds are relatively thin and may not cover the entire site.
Conversely, a Shelby tube soil sample analysis (Appendix C) showed that a
waxy clay layer identified over much of the area immediately above the
first limestone unit had a very low permeability of less than 1x107°

cn/sec.

As there was a concern as to how well the Floridan aquifer was connected
with the water table aquifer, several methods of analysis were selected and
performed. Early time-drawdown data from tests of aquifers that are not
anisotropic can generally be analyzed by the nonequilibrium or modified
nonequilibrium nonleaky-aquifer methods, particularly if the leakance is
not large and the monitor wells are not too distant. The assumption is
that leakage has not affected drawdown or has not affected it enough to
make the nonleaky-aquifer methods inapplicable.

Late time-drawdown data can generally be analyzed by the nonsteady-state,
leaky-aquifer method. This method does not take into account confining bed
storage; however, in much of west-central Florida, the confining bed is
thin or discontinuous. It is therefore assumed that confining bed storage
has a minimal effect on most aquifer tests. The APT was also analyzed by
steady-state, leaky-aquifer methods. The latter method assumes that steady
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state had been attained. However, the method is applicable for
verification of the nonsteady-state analysis because a quasi-steady-state
had been reached.

The plots and solutions for the various methods are in Appendix H. The
results of the analyses are discussed in Section 7.

6.5.1 THEIS NONEQUILIBRIUM METHOD

The nonequilibrium, nonleaky formula was derived by C.V. Theis in 1935 from
the analogy between the hydraulic conditions in an aquifer and the thermal
conditions in an analogous thermal system. The formula is based upon the
following assumptions:

(1) the aquifer is homogeneous and isotropic,

(2) the aquifer has infinite areal extent,

(3) the aqufier is bounded above and below by impervious layers,

(4) the flow to the well is in an unsteady state, i.e., the drawdown
differences with time are not negligible nor is the hydraulic
gradient constant with time,

(5) the discharge well penetrates and receives water from the entire
thickness of the aquifer and pumps water at a constant rate,

(6) the well has a reasonably small diameter so that well-bore storage
can be ignored, and

(7) water removed from storage is discharged instantaneously with
decline in head.

The above assumptions appear to be restrictive, and in fact, the first four
are never fully met and seldom closely approached. Nevertheless, the Theis
nonequilibrium formula has been applied successfully to many groundwater
flow problems.

6-9
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In applying the Theis method, values of drawdown(s) are plotted against a
time per radius squared (t/r’) on logarithmic paper. The data curve is
superimposed on a nonleaky type curve and a match point selected and the
coordinates of this common point recorded and used to solve for
Transmissivity (T) and Storage Coefficient (S).

In American practical hydrologic units (Fetter, 1980):

h - h = 114.6QW(u)
T
5= Ttu
26931
where:

h, - h = Drawdown (feet)
Q = Well discharge (gallons per minute)
T = Transmissivity (gallons per day per foot)
r = Distance to the monitor well (feet)
S = Storativity (dimensionless)
t = Time since pumping began (minutes)

6.5.2 COOPER-JACOB METHOD

The Cooper-Jacob staight-line modified nonequilibrium method was derived
for values of the function u of less than 0.02 for a confined, areally
extensive aquifer. In this graphical method, a straight line is drawn
through the field data points (drawdown versus log of time) and extended
backward to the zero—-drawdown axis. The change of drawdown per log cycle
is obtained from the slope of the graph.

In American practical units (listed below), these equations are expressed
as (Fetter, 1980):
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T = 264Q
(h, - h)
S =Tt
4,790r?
where

Q = Constant rate of pumpage (gallons per minute)
(h, = h) = Drawdown per log cycle of time (feet)

o
(]

Time since pumping began (minutes)

Transmissivity (gallons per day per foot)

Distance to the pumped well (feet)

Value of time at the intercept with the zero-drawdown axis.
(5c%) (S/T), limiting condition

-
(a4 " 3
A0 R |

The Theis and Cooper-Jacob methods may be used if the leakance is not large
and the monitor wells are not too distant. The assumption is that leakage
has not affected drawdown or has not affected it enough to make the
nonleaﬁy aquifer method inapplicable (Wolansky and Corral, 1985).

6.5.3 WALTON METHOD

Walton derived a graphical method for a leaky artesian aquifer
(semiconfined) with negligible storage in the confining layer. Instead of
one type curve, there is a type curve for each value of r/L, where L is a
leakage factor. The s versus t/r? plot is superimposed and adjusted on the
family of type curves until most of the plotted points fall on one of the
type curves and a match point is selected (Kruseman and de Ridder, 1979).
The assumptions listed for the Theis equation should be satisfied except
that the aquifer is semiconfined.

The equation for the Walton Method may be stated as follows:

T = Q W(ulr/L)

41s
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S =4Tt u

2
r

where:

s = Drawdown (meters)

T = Transmissivity (m’ /day)

Q = Rate of discharge (m’ /day)

W(u,r/L) = Well function

r = Distance from observation well to discharge well (meters)

L = Leakage factor of water bearing layer.
S = Storage Coefficient
t = Time (days)

6.5.4 HANTUSH I METHOD

Hantush (1956) developed a method of analyzing the data from pumping tests
in semi-confined aquifers, using the inflection point of the time-drawdown
curve on single logarithmic paper. However, to determine the inflection
point, the steady state drawdown should be (approximately) known from
direct observation or from extrapolation. Explanation of this rather
complex straight line method is in Appendix H and Kruseman and de Ridder
(1979). The equations are:

T = 2.30e °/F S = rdTt
4IIAsp 2Lr?

Definition of terms are as for the Walton Method with:
S, = Drawdown at inflection point

8s, = Slope of the curve at inflection point
L = Leakage factor of water bearing layer through semi-confining unit
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6.5.5 HANTUSH II METHOD

This method is based on the same assumptions as the Hantush I method and
Walton method but is graphically solved in a different manner.
Observations from at least two wells are required. A description of the
method and solutions is located in Appendix H and Kruseman and de Ridder
(1979). The equations are:

T= 2.30Q S = gggp
41 (As)o Lr

The definition of terms are as for the Hantush I with:
(As)° = As axis
where:

r =0
t = time at the inflection point.

6.5.6 HANTUSH - JACOB METHOD

Hantush and Jacob (1955) found that, in addition to the transmissivity and
coefficient of storage of a leaky artesian aquifer, the leakance can be
determined by superimposing a plot of time versus drawdown on a family of
type curves. The above method incorporates the assumptions of the Theis
method except that assumption 3 is deleted and the following four
assumptions are added:

(8) flow in the aquifer is augmented by vertical leakage through the
confining beds, »

(9) the flow lines are assumed to be refracted at a full right angle
as they cross the confining bed and aquifer interface,

(10) the confining beds are assumed to be incompressible so that water
released from storage therein is negligible, and
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(11) the heads above an overlying confining bed and below an underlying
confining bed are influenced by the pumping (Wolansky and Corral,
1985).

The equations may be written:

T= Q L(u,v)
40 s

S = 4T t/r°
1,u

Leakance (K’/b’) is determined from the following equation:

K’ =41 ¥*
b’ r’
where:

L (u,v) = L function of u,v.

K’ = Vertical hydraulic conductivity of the confining bed (feet per day)
b’ = Thickness of the confining bed (feet).

6.5.7 JACOB LEAKY ARTESIAN METHOD

Jacob (1946) described a method where the final or essentially steady-state
(latest) drawdown observation in each well is plotted on logarithmic paper
against the distance of the monitor well from the pumped well. The data
are then matched to the Bessel function logarithmic type curve of K (x)

versus x and a common match point is chosen.

The formula may be written as:
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T = 0.160K (x)
S

K' =T (x/r)2
bl

where:

T = Transmissivity (ftz/day)

K’/b’ = Leakance (/day)

Pumping rate (ft3/day)

Drawdown (ft)

Distance from monitor well to pumping well

R n 0
] ] (]

6.5.8 ANISOTROPIC METHOD

In conventional methods of aquifer test analysis, homogeneous and isotropic
aquifers are assumed. In many instances, however, the aquifers tested are
anisotropic. The SWFWMD required that a third deep monitor

well (DMW-IA+1,950) be installed so that the amount of anisotropy at the
Phase IA site could be determined. Hantush (1966) developed a method for
determining hydraulic properties and the principal directions of
anisotropy. It requires data from at least three wells if the principal
directions of anisotropy are not known. Solutions are based on either the
Theis formula or Hantush-Jacob formula.
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7.0 TEST RESULTS

The application of the several analytical techniques discussed in Section 6
indicated that the Floridan aquifer in the vicinity of the Phase IA site is
semi-confined and exhibits a low leakance that is consistent with other APT
results in the area. The leakance value is also consistent with measured
permeabilities of the clay semi-confining unit at the site.

Hydraulic properties determined from the aquifer test analysis methods
described in Section 6.5 and presented in Appendix H are summarized in

Table 7-1.

7.1 TRANSMISSIVITY

The transmissivities (T) for the different analytical methods fell within a
range from 378,000 gpd/ft. to a high of 471,000 gpd/ft.

The greatest variation in transmissivity for any well using the eight
methods was 17 percent. The average of the eight different methods is
423,600 gpd/ft. with a +7 percent variation for all methods except for the
Hantush I method which is -11 percent. There is no apparent pattern to the
variation in transmissivity between the monitor wells for the different
methods. The Cooper-Jacob method yielded a slightly lower T value for
TPW-IA than for the monitor wells. The Hantush anisotropic method shows a
negligible anisotropy in transmissivity at the site with the major axis at
112.2°. The transmissivities are comparable to the values of 51,800 to
57,000 ftz/d (387,000 to 426,000 gpd/ft) used by Robertson and Mallory
(1977) for Pasco County. Transmissivities from 51,000 to 71,000 ftz/d
(381,000 to 531,000 gpd/ft) were reported for the South Pasco wWellfield to
the west of the Phase IA site.

7.2 STORAGE COEFFICIENT

The storage coefficient is fairly consistent as determined by the different
methods with an average of 0.0007. The highest storage coefficient was in
the vicinity of DMW-IA+1,950 which had a range of 0.0009 to 0.0015. The
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Table 7-1
Results of APT Analysis Methods
Analysis T S Leakance, Leakance
Method Well(s) (gpd/ft) (dimensionless) k'/b’ (day ~) Factor L(ft)

Theis DMW-IA+1,950 404,515 0.0015

DMW-IA+500 416,692 0.0002

TPW-1A+200 404,249 0.0005

TPW-IA 433,750

average 414,801 0.0007
Cooper-Jacob DMW-IA+1,950 461,500 0.0010

DMW-IA+500 426,770 0.0005

DMW-IA+200 417,350 0.0008

TPW-IA 403,100

average 227,180 0.0008
Walton DMW-IA+1,950 406,553 0.0015

DMW-IA+500 455,658 0.0002

DMW-IA+200 471,390 0.0005

average 444,534 0.0007
dantush I DMW-IA+500 377,649 0.0005 3.90X107° 44,763
Hantush II DMW-IA+1,950 0.0009

DMW-IA+500 0.0003-

DMW-IA+200 0.0009

average 408,304 0.0007 12,268
Hantush- DMW-IA+1,950 451,976 0.0014 2.54x10’2
Jacob DMW-I1A+500 450,488 0.0005 2.4lx10"5

DMW-IA+200 451,976 0.0002 2.42x10:5

average 451,480 0.0007 .46x
Jacob Leaky average 412,800 1.16x107°
Artesian
Hantush x axis (112.2°) 462,324 0.0007
Anisotropic y_axis (22.2°) 440,939 0.0007

average (T, ) 251,505

14
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lowest storage coefficient was for DMW-1A+500 with 0.0002 to 0.0005 being
calculated by the various methods. The values for S are generally lower
than those obtained for the South Pasco Wellfield of 0.001 to 0.006
(Wolansky and Corral, 1985).

7.3 LEAKANCE

Leakance as calculated from the APT data (see Table 7-1) ranged from
2.46x10"° to 1.16x10™* per day (day '). This range of relatively low
leakance is in agreement with values reported for the Cypress Creek
Wellfield, permeability testing results on the semi-confining unit at the
Phase IA site and groundwater modeling calibration results in the area.

The table below summarizes some of the leakance data from the Phase IA site

and other nearby areas.

Leakance
Data Source (day ')
Phase IA APT results 2.46x10°° to 1.16x107°
(CDM, 1986)
Phase IA site laboratory 1.9x107°

permeability testing (M.P. Brown &
Associates, 1986)

C-2 test well at Cypress Creek 4.01x107*
Wellfield (Leggette, Brashears &
Graham, 1975)

Cypress Creek Wellfield ground- 1.34x107° to 1.34x107°
water model calibration (Ryder,
1978)

South Pasco Wellfield testing 5.0x107°
(Wolansky and Corral, 1985)
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The above table lists a leakance value (1.9x107° day ') calculated from
laboratory permeability testing of a Shelby tube from the Phase IA site.
Leakance is actually another method of expressing the vertical permeability
(K') of the semi-confining bed and is expressed by the following equation:

[
(]

Leakance (day ')

K’ = Vertical hydraulic conductivity of the
semi-confining bed (ft/day)
b’ = Thickness of the semi-confining bed

A Shelby tube laboratory permeability of 1x10"® cm/sec (2.83x107° ft/day)
was measured for the semi-confining unit at the Phase IA site (M.P. Brown &
Associates, August, 1986). The semi-confining unit ranged from 0.5 feet to
8 feet thick, but averaged approximately 1.5 feet. Applying the above
equation to the Phase IA laboratory permeability value yields:

L = 2.83x10"° ft/day = 1.9x10"° day '
1.5 ft

The above leakance is slightly lower than the 2.46x10"° day ' value
obtained by the Hantush-Jacob method, but is in agreement with the
magnitude of leakance values obtained by the APT anlysis.

The comparatively low leakance values calculated for the confining unit are
also supported by the fact that the drawdown curves generated from the test
data are close in shape to the Theis non-leaky aquifer curve.
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7.4 TEST SUMMARY

Analysis of the Phase IA aquifer performance test data by several
applicable techniques resulted in the following average aquifer properties
at the site:

Transmissivity 423,600 gpd/ft
6.0 x 10°° per day

.0007

Leakance

Storage Coefficient

The analyses were based upon an exceptionally complete set of on-site
monitor well water level data and should be considered as highly reliable.
The Floridan aquifer at the Phase IA site is hydraulically suitable for
installation of a 3 mgd water supply well.
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8.0 CONCLUSIONS

Results of the hydrogeologic investigation, step-drawdown test, aquifer
performance test and water quality analyses indicate that the test site is
suitable for a potable water production well producing an average of 3
million gallons per day (mgd) from the Floridan aquifer. Drawdown at the
test production well was 8 feet or less during the aquifer performance test
at a pumping rate of 2,150 gallons per minute (3.1 mgd). The aquifer
performance test results indicate that the test/production well is in a

productive area with a transmissivity of approximately 423,600 gpd/ft. - ctec - =

Although the confining bed above the Floridan aquifer is relatively thin,
the Floridan aquifer acts as a semi- confined aquifer (storage coefficient
approximately 0.0007) with a slightly leaky confining unit (leakance
between 1.16x10™% and 2.46 x 107> per day).

Estimation of long term pumping effects on the water table and vegetation
are beyond the scope of this investigation. Impact of large scale water
withdrawals on both wells of local residents and nearby wellfields will
need to be addressed by further testing at other sites and by a regional
groundwater modeling analysis.
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April 2, 1986 ORI%‘NAL SENT

Ol -Cprigai
J Diter

Mrs. Loretta Holtkamp - APR - 91986

West Coast Regional Water Supply Authority '

2535 Landmark Drive, Suite 211 "

Clearwater, Florida 33519 CRWSA

Re: Authorization For Proposed Test Program, CUP No. 208426

Dear Mrs. Holtkamp:

The District has reviewed your request to construct and test
wells in order to develop specific hydrogeologic information in
support of Consumptive Use Permit Application No. 208426.

In accordance with this reguest, the District hereby grants
permission to proceed with the test program as represented in the
attached memorandum. Your well construction permit will be
released accordingly.

Please continue to keep the District staff appraised of your
progress. Should you have any gquestions or comments regarding
this information, please call.

Sincerely,

ﬁlm///’éwf/

RICHARD V. MCLEAN | , R!CE'VED

Director, Resource
Regulation Department

APR 16 1986
WCRWSA

Attachments CLEARWATER OFFICE

MT



April 2, 1986

MEMORANDUM

TO: RICHARD V. MCLEAN, Director, Resource Regulation
Department

FROM: pﬂ( MARK THAGGARD, Hydrogeologist, Consumptive Use
Permitting Section -

RE: Authorization For Proposed Test Program, West Coast

Regional Water Supply Authority, CUP No. 208426

I. BACKGROUND

A. Entity Proposihg Test: West Coast Regional Water
Supply Authority

B. Hydrogeologic Consultant: Camp Dresser & McKee

C. Location: Pittway Real Estate, Inc.
property in - southern

Pasco County; Township 26
South, Range 19 East,
Section 23.

D. Date of Request: Test program submitted
December 13, 1985; CUP
N application received on

February 26, 1986.

E. Purpose: Hydrologic investigation
in support of a
consumptive use permit
for 24 MGD from 16 wells.
Data obtained will
provide information used
to estimate the effects
of the groundwater
withdrawals.

II. TEST PROGRAM

A. The test-production well casing will be 24-inches in
diameter and will extend to an estimated depth of 150
feet (or below the upper confining unit). The total
well depth will be roughly 700 feet.

Three 8-inch diameter production 2zone monitor wells
will be drilled at a distance of 200, 500, and 1500-
2000 feet from the test-production well. The monitor
wells will each have 150 feet of casing and a total
depth of 700 feet.
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At two of the two production zone monitor sites (the
two closest to the test-production well}, a 4-inch
diameter water table monitor well will be drilled to a
total depth of 25 feet. The well will be fitted with
PVC pipe with the bottom 5 feet screened.

All monitor wells will be properly developed followihg
construction.!

Formation cuttings will be collected every 10 feet
while drilling by mud rotary and every 5 feet or change
of formation while drilling by reverse air. These
cuttings will be collected while drilling the test-
production well and both production zone observation
wells.

Water samples will be taken at every rod change
(approximately 30 feet) and field analyzed for
conductivity and temperature on the test-production
wells and the three production zone observation wells.

: A
Upon completion of the test-production well, the
following geophysical 1logs will be performed on the
well and the first monitor well completed:

1. Caliper

2. Electric

3. Temperature (static and sustained stress)
4. Flow meter (static and sustained stress)
5. Fluid resistivity

6. Gamma ray

A step drawdown specific capacity test will be
performed on the test-production well.

Prior to the start of the aquifer pumping test, water
levels will be measured in all wells for a minimum of
two weeks.

A rain gage and recording barometer will be installed
on the site after the completion of well drilling but
prior to the aquifer pumping test.

An aquifer pumping test consisting of drawdown and
recovery will be performed for a period long enough so



April 2, 1986
Page 3

III.

that all aquifer parameters can be determined (i.e.
transmissivity, storage, and leakance). The production
well will be pumped ' at least five days and longer if
equilibrium conditions are not established.

1. During the test, water 1level will be measured in
the test-production well by using an electric
sounder (M-SCOPE or equivalent). Each monitor well
will be equipped with a continuously recording
water level instrument (Stevens Type F or
equivalent).

2. The estimated pump rate of the test-production
well is 2,100 gpm. The production rate will be
monitored by use of an in-line flow meter and an
orifice-manometer.

3. Discharge water will be routed 1000-1500 feet to
the east away from the test and into Trout Creek.

Water samples will be collected at 12 hours into the
test and everyday thereafter and analyzed for
chlorides, sylfates, total dissolved solids, and
conductivity using standard testing procedures. '

Water levels will be monitored before, during, and
after the test in nearby monitor wells to account for
regional affects of pumpage within the area.
Additionally, a visual reconnaissance will be
maintained of the area to determine when pumpage is
taking place in the area.

SPECIAL CONDITIONS

Staff recommends approval of the testing as outlined above,
subject to the following conditionmns.

A.

If it 4is determined that the production well cannot be
used for water supply development, all wells will be
properly abandoned (i.e. plugged) in accordance with
17-21, FAC. One of the deep 2zone well and one of the
water table monitor well may be converted to regional
monitor wells.

A report on the results of the hydrologic testing will
be completed and a copy submitted to the District.
Additionally, a copy of all raw and analyzed data and
calculations will be submitted to the District.
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A meeting will be be arranged between District staff
and West Coast representatives to discuss the test
results and determine additional testing needs.

District staff shall be notified at 1least 48 hours
prior to commencement of any testing.

District staff shall be notified prior to termination
of pumpage during the test.

District staff shall be allowed on the property with
proper prior verbal notification.

WCRWSA will have to obtain a consumptive use permit
from the District prior to putting any wells into
production.

The location of the third deep zone monitor well will
be at a site mutually agreed upon by District and West
Coast staff.

The results of this test will determine the necessity
for further testing in the area.

West Coast shall investigate withdrawal related
complaints from nearby property owners. West Coast
shall either satisfactorily establish that its
withdrawals are not causing the problem or take action
to mitigate the problem. Either action shall be
subject to review and approval by the District.
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LITHOLOGIC LOGS OF SHALLOW BORINGS
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Depth Below

M.

P. BROWN & ASSOCIATES, INC.

Lithologic Log of Piezometer P-1

Land Surface (Ft) Description

0.0

1.0

5.0

1.0

10.0

Sand, quartz, dark gray to black, very
fine grained, angular, well sorted,
silty, organics.

Sand, quartz, light gray with dark
brown inclusions, fine grained,
angular, wgll sorted.

Sand, quartz, red to brown, fine
grained, angular, well sorted.

Sandy clay, red to brown, iron stained,
cohesive, somewhat plastic, ductile.

Sandy clay, light gray, iron stained,
cohesive, ductile, plastic; Limestone,
light green, sand included, pebble
sized.

Clayey sand, quartz, light gray, fine
grained, angular to subangular,
slightly cohesive.

Sandy clay, light gray, cohesive, ductile,

plastic, stiff.

Thickness
Feet

1.0

1.5



M.P. BROWN & ASSOCIATES, INC.

Depth Below
Land Surface (Ft)

0.0 - 2.0 Sand,

Lithologic Log of Piezometer P-2

Description

quartz, light gray, fine grained,

angular, organics.

2.0 - 3.0 Sand,
fine

3.0 - 5.0 Sand,

quartz, dark brown to black, very

grained, angular, silty.

quartz, tan, fine to medium

grained, angular, silty.

Sandy clay, gray to green, cohesive,

ductile, plastic, micaeous.

Clayey sand, quartz, light gray to

green, fine grained, angular.

5.0 - 8.5
8.5 - 10.0
10.0 - 12.0

Sandy clay, gray to green, cohesive,

ductile, plastic, mottled.

Thickness
Feet
2.0
1.0

2.0



M.P. BROWN & ASSOCIATES, INC.

Lithologic Log of Piezometer P-3

Depth Below
Land Surface (Ft) Description
0.0 - 0.5 Root zone, sand, quartz, dark gray to
black, very fine grained, angular,
silty, organics.
0.5 - 2.0 Sand, quartz, light gray, fine grained,
angular, well sorted.
2.0 - 3.0 Sand, quartz, dark brown to black, very
fine grained, angular, silty, organmnics.
3.0 - 5.0 Sand, quartz, tan, fine to medium grained,
subangular, well sorted.
5.0 - 6.5 Sandy clay, gray, iron stained, cohesive,
ductile, plastic.
6.5 - 10.0 Clayey sand, quartz, light green to
white, fine grained, subangular.
10.0 - 12.0 Sandy clay, gray to green, cohesive,

ductile, plastic, micaeous.

Thickness
Feet

0.5

1.5

1.0



Depth Below

M.

P. BROWN & ASSOCIATES, INC.

Lithologic Log of Piezometer P-4

Land Surface (Ft) Description

0.0 - 0.5 Root zone, sand, quartz, very fine
grained, angular, silty, organics.

0.5 - 3.0 Sand, quartz, light gray, fine grained,
angular, well sorted.

3.0 - 4.0 Sand, quartz, light brown to tan, fine
grained, angular to subangular, well
sorted.

4.0 - 4.5 Clayey sand, quartz, red to brown,
fine grained, angular, slightly
cohesive.

4.5 - 6.0 Sandy clay, light gray, cohesive,
ductile, plastic, iron stained.

6.0 - 12.5 Sand, quartz, white, fine grained,
angular to subangular, well sorted.

12.5 - 21.0 Sand, quartz, red to brown, fine

grained, angular, silty.

- Thickness

Feet

0.5

2.5

1.0



M.P. BROWN & ASSOCIATES, INC.

Lithologic Log of Piezometer P-5

Depth Below
Land Surface (Ft) Description

0.0 - 0.5 Root zone, sand, quartz, very fine
grained, angular, silty, organics.

0.5 - 5.0 Sand, quartz, dark brown to black, very
fine grained, angular, silty, organics.

5.0 - 6.5 Sand, quartz, tan, fine to medium
grained, subangular, well sorted.

6.5 - 7.0 Clayey sand, quartz, light gray, fine
grained, subangular.

7.0 - 10.0 Sand, quartz, white, fine to medium
grained, subangular to subrounded.

10.0 - 16.0 Sandy clay, light green to gray,
cohesive, ductile, plastic. ’

Thickness
Feet

0.5

4.5



Depth Below

M.P.

BROWN & ASSOCIATES, INC.

Lithologic Log of Piezometer P-6

Land Surface (Ft) Description

0.0 - 0.5 Root zone, sand, quartz, very fine
grained, angular, silty, organics.

0.5 - 1.0 Sand, quartz, dark reddish brown, very
fine grained, angular, well sorted.

1.0 - 1.5 Sand, quartz, biege, fine grained,
angular, well sorted.

1.5 - 2.0 Clayey sand, quartz, red to brown to
gray, iron stained, cohesive, dry.

2.0 - 3.0 Sandy clay, light green to gray, cohesive,
plastic, ductile, dry, iron stained,
organic material imbedded; Limestone,
light green, sand included,
nonfossiliferous.

3.0 - 5.0 Sand, quartz, white, iron stained, fine
to medium grained, angular to subangular,
well sorted.

5.0 - 7.0 Clayey sand, quartz, light green to gray,
dark brown inclusions, fine grained,
angular, organic material interbedded,
cohesive.

7.0 - 9.0 Clayey sand, quartz, light green to gray,
fine grained, angular, organic material
interbedded, cohesive.

7.0 - 11.5 Sand, quartz, light green to gray, dark
gray laminae, fine to medium grained,
subangular to subrounded, well sorted.

11.5 - 12.5 Clayey sand, quartz, light gray to green,
fine to medium grained, subangular to
subrounded, cohesive, dry.

12.5 - 15.0 Sand, quartz, light green to gray, fine
to medium grained, subangular to
subrounded, well sorted.

15.0 - 17.0 Clay, blue green, cohesive, ductile,

plastic, micaeous, carbonaceous
material imbedded.

Thickness
Feet

0.5

2.0

2.0

2.0

2.0



' M.P.

Depth Below

BROWN & ASSOCIATES, INC.

Lithologic Log of Piezometer P-7

Land Surface (Ft) Description
| 0.0 - 0.5 Root zone, sand, quartz, dark gray, very
fine grained, angular, silty, organic.
I 0.5 - 2.0 Sand, quartz, dark brown to red, fine
grained, angular, organics.

2.0 - 4.0 Sandy clay, gray to green, iron stained,
cohesive, ductile, plastic, dry.

4.0 - 10.0 Sand, quartz, white to light green, fine
to medium grained, subangular, well
sorted.

10.0 - 14.5 Clayey sand, quartz, light green to gray,
fine grained, subangular, cohesive.
14.5 - 16.0 Clay, blue to green, cohesive, ductile,

plastic, micaeous, stiff.

Thickness
Feet

0.5

1.5



M.P. BROWN & ASSOCIATES, INC.

Lithologic Log of Piezometer P-8

Depth Below
Land Surface (Ft) Description

0.0 - 0.3 Root zone, sand, quartz, dark gray to
black, very flne gral angular,
silty, organlcs. . f

0.3 - 2.0 Sand, quartz, tht gray, fine grained,
angular, well sorted.

2.0 - 6.0 Clay, gray to green, cohesive, ductile,
plastic, iron stained; Limestone, light
green, sand included, nonfossiliferous.

6.0 - 11.0 Sandy clay, light gray to green, cohesive,
ductile, plastic.

Thickness
Feet

0.3



Depth Below

M.

P. BROWN & ASSOCIATES, INC.

Lithologic Log of Piezometer P-9

Land Surface (Ft) Description
0.0 - 2.0 Sand, quartz, light gray, fine grained,
angular, silty.
2.0 - 3.0 Sand, quartz, dark brown to black, very
fine grained, angular, silty, organics.
3.0 - 4.0 Sand, quartz, light brown to tan, fine
grained, angular to subangular, well
sorted.
4.0 - 7.0 Sandy clay, light gray, iron stained,
cohesive, ductile, plastic.
7.0 - 13.0 Sand, quartz, white, fine grained, angular,
well sorted.
13.0 - 18.0 Sand, quartz, red to brown, fine grained,
angular, well sorted.
18.0 - 19.5 Clayey sand, quartz, red to brown, fine
grained, angular.
19.5 - 20.0 Sandy clay, light gray, cohesive,

ductile, plastic, micaeous.

Thickness
Feet
2.0

1.0

1.0

1.5



M.P. BROWN & ASSOCIATES, INC.

Lithologic Log of Piezometer P-10

Depth Below

Land Surface (Ft) Description

0.0 - 2.0 Sand, quartz, light gray, fine grained,
angular, silty, organics.

2.0 - 6.0 Sandy clay, gray, iron stained, cohesive,
ductile, plastic, micaeous.

6.0 - 12.0 Sand, quartz, white, fine grained,
subangular to subrounded, well sorted.

12.0 - 16.0 Sand, quartz, pale red to brown, fine

grained, subangular to subrounded, well
sorted.

Thickness
Feet

6.0

4.0



Depth Below

M.P.

BROWN & ASSOCIATES, INC.

Lithologic Log of Piezometer P-11

Land Surface (Ft) Description

0.0 - 2.0 Sand, quartz, light gray, fine grained,
angular, silty, organics.

2.0 - 6.0 Sandy clay, quartz, iron stained, cohesive,
ductile, plastic; Limestone, light green,
sand included, nonfossiliferous.

6.0 - 8.0 Clayey sand, quartz, light green, fine
grained, angular, cohesive.

8.0 - 13.0 Sand, quartz, white, fine grained,
angular, cohesive.

13.0 - 17.0 Sand, quartz, pale red to brown, fine

grained, angular, well sorted.

Thickness
Feet

2.0

4.0



M.P. BROWN & ASSOCIATES, INC.

Lithologic Log of Piezometer P-12

Depth Below Thickness
Land Surface (Ft) Description Feet

0.0 - 2.0 Sand, quartz, light gray, very fine 2.0
grained, angular, silty, organics.

2.0 - 3.0 Clayey sand, quartz, pale red to brown, 1.0
dark brown inclusions, fine grained,
angular.

3.0 - 7.0 Sand, quartz, white with gray inclusions, 4.0

fine to medium grained, subangular to
subrounded, well sorted.

7.0 - 8.0 Sand, quartz, dark brown to black, fine 1.0
grained, angular, silty, organics.

8.0 - 9.5 Sand, quartz, pale red to brown, medium 1.5
to coarse grained, subangular to
subrounded, iron stained.

9.5 - 13.0 Clayey sand, light gray to brown, fine 3.5
grained, angular.

13.0 - 18.0 Sand, quartz, pale red to brown, fine to 5.0
medium grained, subangular.



R d

i

Depth Below
Land Surface (Ft)

M.P.

BROWN

& ASSOCIATES, INC.

Lithologic Log of Piezometer P-13

Description

0.0

0.5

19.0

Root zone, sand, quartz, dark gray to
black, very fine grained, angular, silty,
organics.

Sand, quartz, light gray, fine grained,
angular, well sorted.

Sand, quartz, dark brown to .black, very
fine grained, angular, silty, organics.

Sand, quartz, tan, fine to medium grained,
subangular, well sorted.

Sand, quartz, red to brown, fine grained,
subangular, well sorted.

Sand, quartz, black, very fine grained,
angular, silty, organics.

Sand, quartz, white, fine to medium
grained, subangular to subrounded, well
sorted.

Thickness
Feet

0.5

2.0

10.0



BROWN & ASSOCIATES, INC.

Lithologic Log of Test Boring TB-14.

M.P.
Depth Below
Land Surface (Ft)
.0 - 1.5
1.5 - 2.0
2.0 - 3.5
3.5 - 7.0
7.0 - 11.0
11.0 - 16.0
16.0 - 18.0
18.0 - 19.5
19.5 - 22.0
22.0 - 24.5
24.5 - 26.0
26.0 - 29.0

Description

Sand, quartz, gray, fine grained,
silty, organics.

Sand, quartz, black, fine grained,
angular, silty.

Sand, quartz, light brown, fine
grained, angular, well sorted.

Clayey sand, quartz, light gray, fine
grained, angular, cohesive.

Sandy clay, light gray, cohesive,
ductile, plastic.

Sand, quartz, light gray, fine grained,
angular to subangular, well sorted.

Clayey sand, quartz, light green to
gray, fine grained, angular, cohesive.

Clay, blue-green, cohesive, ductile,
plastic, waxy, mottled.

Limestone, white to light green, sand
included, friable, few macrofossils;
clay, calcareous, white, cohesive.

Lost drilling circulation at 22 ft. bls.

Cavity.

Limestone, white, sand included,

partially recrystallized, friable; Clay,

calcareous, white, dry, stiff.

Limestone, white to pale brown,
recrystallized, hard, few gastropod
molds, calcite inclusions.

Thickness
Feet



M.P. BROWN & ASSOCIATES, INC.

Lithologic Log of Dual Zone Well DZ1 (P1l5)

Depth Below

Land Surface (Ft)

.0
2.0
2.5
7.0

11.0

14.0

21.0
23.5 -

24.0 -

2.0

2.5

11.0

14.0

21.0

23.5

24.0

30.0

Description

Sand, quartz, gray, very fine grained,

angular, silty, organics.

Sand, quartz, black, very fine
grained, angular, silty.

Sandy clay, gray to green, iron
stained, cohesive, ductile, plastic.

Clayey sand, quartz, gray to green,
fine grained, angular, cohesive.

Sandy clay, gray to green, cohesive,
ductile, plastic.

Clayey sand to sand, quartz, red to
brown, fine grained, angular to
subangular.

Clayey sand, quartz, gray to green,
fine grained, angular, cohesive.

Clay, blue-green, cohesive, ductile,
plastic, micaceous.

Limestone, white, sand included,
friable, generally recrystallized,

few macrofossiliferous. Lost drilling

circulation at 25 ft. bls.

Thickness
Feet

2.0



M.

Depth Below
Land Surface (Ft)

P.

BROWN & ASSOCIATES, INC.

Lithologic Log of Test Boring 16.

.0

13.0

14.0

18.0

31.0

39.0

2.0

13.0

14.0

18.0

31.0

39.0

39.5

Description

Sand, quartz, light gray, fine grained,

angular, silty, organics.

Clay, orange to brown, cohesive,
ductile, plastic; Limestone, white
to pale yellow, sand included,
nonfossiliferous.

Sand, quartz, pale gray to brown, fine
grained, angular to subangular, well
sorted.

Sand, quartz, white, fine grained,
angular to subangular, well sorted.

Sandy clay, dark gray, cohesive,
ductile, plastic.

Clayey sand to sand, quartz, green to
gray, fine grained, angular.

Clayey sand to sand, light green,
quartz, fine grained, angular.

Clay, gray to green, cohesive, ductile,

plastic, stiff; limestone, white,
friable, sand included, shell
included.

Limestone, white, sand included,
friable, partly recrystallized, few
macrofossils.

Thickness
Feet

2.0

5.5

13.0

8.0



SOIL TESTS



PTL-INSPECTORATE INC. (BQ)

NATIONWIDE AND INTERNATIONAL SERVICES

TAMPA DISTRICT

Sept. 18, 1986 PTL Ref: TAM-2584

West Coast Regional Water Supply Authority
2535 Landmark Drive

Suite 211

Clearwater, Fla. 33519

Attn: Loretta Holtkamp

Ref: Soil Mechanics Tests
Undisturbed Samples
Cypress Bridge - Site A
Pasco County, Fla.

Dear Ms. Holtkamp:

As per your request received from your Mr. Douglas Crowson, this 1s
to document the results of our testing of samples submitted to us. Both
permeability and grain size analysis tests were performed on two Shelby
Tube samples submitted to us by Mr. Crowson. These tubes were identified
as P-14 18.5'- 20.0' and PL-15 32.0' - 34.0'. The following permeability
test results were obtained for these samples.

P-14 %= 1.56 x 10~2 cm/sec.
PL-15 k= less than 1x10~8 cm/sec.

The rapid permeability rate of P-14 is probably due to the fissures within

the weathered limestone sample contained in this tube. Thus, this permeability
coefficient represents the matrix permeability rather than the permeability
through the stone or calcareocus clay.

The permeability of PL-15 was estimated on the lemgth of time that
this sample has been saturating. As of this date, complete saturation

has not occurred. We attribute this to the amcunt of clay present in this
sample (80% to 90%) and to its lack of free water.

The results of the grain size analyses are summarized by the distribution
curves attached to this letter. Should you have any questions regarding
this information, please contact the writer at your convenience.

Respectfully submitted,

A. Eduardo, P.E.

Fla. Reg. 33318 '
District Engineer 2
JAE/1t o7 Jgi 5%

512 N. DELAWARE AVENUE » TAMPA, FLORIDA 33S06 ¢ TEL: 813-253-348% - FAX: 813-251-2936
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ORDER NO. TAM-2584

CLIENT: West Coast Regional

Water Supply

R
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100

10

1.0
GRAIN SIZE IN MILLIMETERS

0.1

0.01

0.001

COBBLES

GRAVEL

SAND

COARSE

] FINE

COARSE | MEDIUM | FINE

SILT OR CLAY

TEST
BORING NO.

SAMPLE
NO.

DEPTH
FT.

LINE

GROUP
SYM.

CLASSIFICATION NSOV |

PL

Pl

Gs

REMARKS

PLOTTED
BY:

P-14

18.5'-20"

CL |Gravelly CLAY

JFE
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GRAVEL

SAND

COARSE |

FINE COARSE | MeDiUM ] FINE

SILT OR CLAY

TEST
BORING NO.

SAMPLE DEPTH
NO. FT.

une [CROLP

CLASSIFICATION INSTU | e | L

Pl

Gs REMARKS PLOVTED

P-15

32'-34'

—1 CL

CLAY

JFE
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APPENDIX E

WELL COMPLETION REPORTS



Po__/ of /

~WELL COMPLETION REPORT

Date </-@-o7,

Owner /) ocric Cpep /?e/az'/:m'/

Complete Job Description:

~Dri 3" ro sy’ ’ '
(Include full pump info) Lrilleol /72" fote 5/ + se* 8 cassn

Consultant  ~/y

Location: é&o Ca,,bl.y ,

7 ¥ Cemernted

7o Surface. Drilleol 778 " hole So 7O, /ou//ecf “p IO =0’
and Cz/e,ua/@/oea/ wel # anter coas clean. polled ovr 4 %ecf,

Casing (and Screen) Used:

/53-8

Gravel (size):

cits Used Up: _ /‘/’34.. Y. ,7%-5“9“

Cement: — 3/ _ &75

List All Logs and Surveys Run By
Type and Company: Seuthern Resovrces
C‘a_ﬁper')‘ S/:aof;-""a_/\eous orentsaly S//\}Ve
720\708/'¢/v/t /-'J?Cgﬁn"/""“ff

60 2o )Qr)_//

Remarks: .
‘: '(*4.: f:fﬁl' ?\—S—C(D

CcCeL-9Y3

"‘7))‘ Hoess merer (Satsdye

Y/
. FZ Ug"d L 'ﬂ‘,.z'ﬁ Z/.‘A%A ; 829Q"7‘ )DUJ’}Q/'/\?/ )

Rig Used: (Gprnlor Noqpe/
Days on Location:_ 23_ ./ _

Ve
Mud Used: - /5’99/

Additives: -/2 Sta . as
(Drispak, salt, etcf/Q A

T.0._¥-P-86 — é:%’/fgm
Oriller(s):_ V. (enAfG20/

/oo:'n + </o«7 ¥ Slort normal/. /'6/57’721/:‘9)
Permps ),




ALSAY - PIPPIN CORPORATION

Date: ¥-9-B

WELL LOG .
Owner_c7 Josr Conpep ;Pp.mm/ 2. Location_/Zecn (p _
2 Type Const. /5 Joper Aja// - 4. Casing m=il Q¥ _
Screen, Gravel, Etc.
Total Depth _ 73R’ _ 7. Jet Head 8. Static Level —/'7” _
rom To Formation From To Formation J
5’ 5 | ahire send /15 1205 |Coarse +#zn fimestane
5 0 pdire ot 205 | 25 |Cearsevfine ron Amesrtone.
5 20  |whive s oy o8 220 Cowrce 7an frnestone. (w/eome.
] 2‘5. Cd‘ll;‘é ‘*’Al'Oa?/\ -1/ 7A-r/ W C/Q7l . ‘SACJ fo‘&?/fﬂeﬂff)
=Y 28 lalitrest brown clag - @ Some lime|| 220 | 230 [oarse # Fme. for Smesione
28 | v fe 4 7 (uibomne. Lime nw'c:Q
Mare! hAite Lmestone 230|240 Vierse o meclsc - :1"@1 Jnestone.
O SO Wlhire limesione awxgau Gome. Shet Frapments
Uk ire + green _ - : oy
298| 26D [rtuse 4o fone Fan jnestone
L D] GO Uhitre /me.svan:; CAG//K? (w/come (w)/slet f!ﬂ?ﬂmﬁ)
reen «
7 pray cly ) - 880 270 [Coarse to ne fan Limestone
O 70 6/47 w/ Some, a)ﬁnﬁb Ames‘fone— ( ~ /Som o Shel 'ﬁaz? e .)5
7| 80 ﬁ%ﬂ’eﬁ?’d) white limestone.l 29 320 |Coarse # Fone. tan
/ /4 /»“:5g
E0 ?O MecLivm fard eMvse” limesrone, bmesrone [a/é e/ m7 e
O 10 | Pediom farnd whive limesrons S2O| 3O Vikecliorm fo fine dan limestons.
Capbome c/‘k// 5 TP (IYD  |bwm fo Fne. Yan. linestone
OV 170 |\Maddiom harel colre linesrone. o/ mare consolivletion)
TO N /BO  |Medivom hard whire [imestone SYOL 360 | Meddiymto fine. fon Jimestone.
(wiZome c/tt7) Ces/Shett Frc:.?nwnfﬁ)
. e . =
preg 9)
Total Chlorides (ppm) : 10. Iron 11. Ph 12. Hardness -
, DriHer.'(s):

ks:



ALSAY — PIPPIN CORPORATION

Date:

WELL LOG
1. Owner_ydesy oy Ainra/ 2. Location Bern (Con.
35" Type Const. /2 )ton /) s/ 4. Casing A&£3'-AK 4
5. Screen, Gravel, Etc.
- J vy
6. Total Depth __ =~=’ 7. Jet Head 8. Static Level [/ 7
From To Formation From | To Formation —
SO | B?R 5[ cowse fohine Fanebrown S3D|533 [Sandstone, Fant+brown
_ _ U |fomestone, (uyShel +9u?mne¢¥$)' - Fae 7¢agh§c(¢44/ﬁﬂ?A1~7f¢ev1cu
JI99.5| 4O5 sz'v‘-(f - blac X Secliment- 533 15325 Pork biewry Dojpnitevlimes
YOO ¥4  Loarse tofine Tanvédrown : Fine ?:n;‘ned’
PR RN A@nesfzwuz/ Shed Fragments + &ime mef 535 |59 |tark brown Dokmire fﬁuaﬁucu
- i::s;::A’ ’j:;;::“ fmestone s 155 |Brown cokurvre - £ae vo caars
720 7'30 fine+ c:azﬂsc. dan Jimestone e/ kel an Sandlstone, Fine. 7o coarss
#q?més-f Lobamsre -brown q—é/nae’ 5555 | 560 Brown dotomite, ~Fine ro cea
SO | Y40  |Fne o coarse Hoart lLimestone E‘ seiseone ~fine 4o -
s | 488s  |Fretoloarse Grown ddlamire + Fine #on fimesions
7 r
Sne to meclim fmestone w/éAcA’FeM E7QR 590 grwnéc!hrt(’érown dolamh
fne 4o corse w/é“//te Fan,
YD | 46D  Fine rfo coarse browon dalamve limestone +Fos /5
ﬁherﬁbjmed%”n AOn&Sﬁane.a#4”A¢£?‘ 590 e J&tnua-+:é A n :E:ﬁlﬂlr
760 ?&) Ff-";le'i‘b mea’:bﬂ\ Yo fimestone. 74/16""0 Coaeee W/A‘;/Le va=Th)
: o/ 5ome Yan c./a7 « Sfed -.4’2??,0?3#_5; Itestone, ¢ Aofwf combs alok,
9D\ 50> F;l'nd o Coarse m+7re7 C/O | 703 |Erowen L corlt brovon +?re7
o srone. < ﬁa/\c:Azy cﬂZA&th¥€b*'é;}xe 7 SO SEs
YION LSO  [Frne 4o canrse. fan Lmesrone L/ Fine San Jime Srone.
5/0 1530 |fne Yo coarse. brown dokmire,
¥ Fine Fan lmestones
9. Total Chlorides {ppm) 10. 11. Ph 12. Hardness

" marks:

Iron

Dri'ller' (s):



WELL COMPLETION REPORT

Date “[//2( / A

Owner_OEST  COAST REGIONAL

Complete Job Description:
(Include full pump info)

Casing (and Screen) Used:

133"x 8"

Gravel (size):

2its Used Up:
1% 8am0 4% Tty

Cement:

§7 BAGS

List A1l Logs and Surveys Run By
Type and Company:

Jtatic Water Level:

Consultant_ C D (]

Location:
CYPRESS QRIDGE
PASCO  CoulTY

Rig Used: GARDNER DENVER )50¢

Days on Location:

Mud Used: 8 RAGS

Additives: ‘
(Drispak, salt, etc)

.:!}\. fAe Sobn ASH

T.0.__ 10N FE€T
Driller(s):

KE\TH CAMPRELL

pecific Yield:

SEFF  DENcH FIELD

Remarks:

P IA+ 200
ECC 6 —49




ALSAY — PIPPIN CORPORATION

Date:

arks:

WELL LDG
1. owner (JEST CORST REGIoNAL 2. Location PASCO CounTY _
3. Type Const. RoTARY 4. Casing IJQIX g" .
5. Screen, Gravel, Etc. )
6. Total Depth ToM' 7. Jet Head 8. Static Level ]
From To ____Formation ‘ From | To Formation N
350" [370" [white ¢ tan Yime, Some [[ 510 S$12 1 Yaa ¥ gvay |ime
Shetl S12 1536 | brown ‘dolowm, e
370|380 Fan Yime 53(", 51§ vy AOIOW‘R.J{
380" | 395 | +an \ome | shell 598 [$60) lorown dolom
, , hme  chel|  [|560 5657 9ray ¥ brown dolom, 4
3‘15' Y400 ):al«% blrouw\ ! a(.&' 513 Yorown dolom, Lo
"lOOl 10" | 4am dolomde 583" | 600 | brown dolomife
uio ‘f&o -|-o.u\ c(olovaL chrK o (,o[' wa iolom‘\z(
ko , !
brouw\ Jolow{i (,02 (,05 brown do[OWu'L({ {(
20" | 428'| brown dolomik (03 |60t | derK brown dolom
, , . ('0('. (-10' %V“Y 9 b rown Jolb“\'\L
“LZS’ 26 | tam hime o 630 orowin  dolomide
926 \[2_'[' black Peat 6 d \Oﬂ\ik
; ' 630" 655 | brown d0
421'| 435 | +an & broww lime o (97(‘ rewin dotomi{®
435’ \HO‘ 'bV‘O"‘”’\' dol ome ¥ (Z?” (’75 IR dolome & ‘
‘{‘{O' ({(a-l +an \(MQ G—?S' (nﬂ v.&be'r"ouV\ dolaw«.:&
-{(g_l‘ L{C{l: Yo \l‘m( )CO CE’(.LI‘V\O\, (93,.‘ 682 JCL\“K brown dO[ﬁM!k
AL 501 | tan YWme 682" |6l M 4010*“‘&
So1' |503"[ gray \'me 686|617 any :01““’ Y el
'05' s10' i'me 617 1698 ) dav rowin dolomu
) o X G187 | 104 arey dolomt
9. Total Chlorides (ppm) 10. Iron 11, PR "

12. Hardness

Driller (s):



ALSAY - PIPPIN CORPORATION

42 1% mlas gl 9y oy

WELL LOG

9. Total Chlorides (ppm)

arks:

Driller (s):

1. Owner_\WEST COAST REGIoNAL 2. Location PALco CoupTy
3. Type Const. RQoTARY 4. Casing 133’ x &"
5. Screen, Gravel, Etc. § BALS AQUA GEL | 87‘ BREGS CEMENT _
6. Total Depth '70‘!..'. 7. Jet Head 8. Static Level _
From To ~Formation From | 1o ?on\:lation _
'_0" 5'{, \.‘%wf *%M{ Sawnd 190" 1200 | +an % g ray h'M, dark
S, [ )5, [Nkt gfay sands Ay e clay
\S .30’ %PKY sanc/y c_la.Y 200( let re In 4 )r
30" |40 T e ateen clay 9 ry % Tan ScLlu\y (Me
"[O{ ‘50" LJ[\:"{'(.. \:‘m‘ﬁu )llmgjaf‘em CI(Y , . JLF\K 8“\0{ C:QY
o -lOr fan & whik )ime. y vatied A8 1220 ] fam qray Yome (Sof t
| g_mouw{‘_s a-P al‘uﬂ\ C.lkY ‘\OJ‘J wk:kd}i/m(
70’ 80r Sand )(lMQ reen clay ‘ ¢ ome '3“(“" ¢
5ka;fl ) 4 220{_ 22;' g ray ‘\zmt
0 “': +am o 4ray lime 4ray clay 23.)" Z‘if)‘ ahcy‘\l:ti 8#“1Y C(q\(
5’8’ 100 | tan % 'arqy )_:‘(\\Q 240" {250 -[:bav:y L‘:‘?f l;m,dwK‘
OO’ 1]5' tan 3“‘&)’ Jome, shell 2501265 Yiant ‘al"-k\{’-)l\mt
{ . N val ,\t‘IMQ
513l | s qray e P O W b
3l )5-5’ tan o 4y leme  She{ 215712957 shell
58 170' tan \(‘m( 2‘[3‘“' 315: tan o aray beme
T ‘ . 315 [340° | Shedf
20 | 190 | tan » geay Imw.. . 390" [ 356 | tun Ve, shell
10. Iren 11. Ph 12, Hardness



rg of

o — 1 s Selp——— 2 .

M vl ot = 1 -

" WELL COMPLETION REPORT

N —— M, - 1il e L

- 5 tupes SRy

late 5/;51/3@ Consultant € D M

Owner LOE ST CoAST REGIONAC WMo Location:

PASCE counTy
Complete Job Description:
(Include full pump info)

700 PReDUCTiON  WELL
TPW-IA

Casing (and Screen) Used:

| Rig Used: Al it <500
24" - 1337

Days on Location: ,2('

Mud Used; Lf: 6?}'6‘}

Gravel (size):

“ite Used Up: 30" (2) wooTH
Uy .2 TeoTH ,'(l) 22" 8urTens (1) l‘i‘yy Burren
Lement:

A80  SAKS

Additives:
(Drispak, salt, etc)

3 BACS ScdDA Asy

T.0. 90 "

Oriller{s):
RARRIE CHEKEA
KEITH CAMPRELC

List AlT1 Logs and Surveys Run By
Tyve and Company:

/

Jtatie Water Level: 3

‘..,;'_-cific_\‘ield:

Remarks:  Qap FoLLowiInG Lagse

CALIPER SPomTALSOUS RTENTIAL | SineLEe PoRT (Cont % SHORT MeRMAC
KE“SWW?)) TEMPERATUKE oG (STATIC AWD PUMPING ) Flow mereg
(STATic AmD Pumpm(.,), Fla1d RES|STIVITY (STAT!IC Ayb Puql Pf“(p),
GAmma RAY



TEST

1. Owner

PRODUCTION WELL

WELL LOG

Wl W sa

3. Type Const. RoTpdy

5. Screen, Gravel, Etc.

2. Location

ALSAY ~ PIPPIN CORPORATION

T Date: Smm-f

PA S Coun Ty

4. Casing 2Y" «x

6. Total Depth _ Y uc 7. Jet Head 8. Static Level 3’
from L Formation From | To Formation N
C 5 | SANB 260 | 265 TACY GRAY (1<
s 2G| SAMD % CULAY 265 | 295 SCET &RAY wIME
2¢ 30 | SARDY c(AY (t‘-t'jm c&c‘nf) 295 300’ SHeLL
30 33 l WHITL “IMESTCoAE Soo 3\0' GRAY LIMF
;5 @o' HITE ¢ TAN LimE 30 |40 | TAN LtME  SHECL
f s 1 = [ . i .. -
- S0 | Y20 | BRuWK wmE
G e 65T | wHITES GRRY UmE 420 | 436 | 6RAY s BRoWN Bocom T
X Yo' | TAL S CQAY LmE 43o | 4y3s'| TAR DonemiTe
1o 15 | WHITE $ & RAY LImE Y3s | 5ol TAR WUME
15 [ 155 TAN S GRRYLIME  SHELL || 4ysp | 480 | GRAY MLZ““TE
i, ‘ m
155 |17 | GRAY LIME Ygo |S13 Gzﬂ::lboaomtré
180 | GRAY® TAG LIME, GRAY || 313 |S535 1 BRe \ )
1o Lgo A 535 [ S50 | GARY ¢ BRICL  DLLSMIT!
) ’ \ ¢
CLAY ) $50 1 665 | BROWN Dolom(Té »
180 | 190" GRAYS TAL umE 666 | 610" | GRAY S TAN DoLem ¢
4o | 217 TAK wmE 70 67| DARK enﬁ;wc;ﬁ“r
217 | 219'] 6RRY Uy mE 611 | T4 ) TAL Bole oy
. LI e 67y | 63| ¢rAy botomi )
A1 2257 gAY TAL 82| 93] BROWN S TAN DolowTe
225 [ 230 HARD G RAY LIME ; f | Ber omiTe
230 A85] TAKN $6RAY LIME ©43| 00| GRAY < TAN
255 1 260" ] TAN Lime
9. Total Chlorides (ppm) 10. Iron 11. Ph 12. Hardness
R rks: Oriller (s): RARRIE CHENEAR

KEwrid CAMPRELL



WELL COMPLETION REPORT

Pg of

Date 5/2&/?(;

Owner_(OEST CopCT RE G0N AL

Complete Job Description:
(Include full pump info)

700" MONITOR WELL
& R M *kh e
(DMW 1A+1950)

Casing (and Screen) Used:

130"« §"

Gravel (size):

2its Used Up: N TootH
TR puTTeN
§7 SAKS

Cement:

List A1l Logs and Surveys Run By
Type and Company:

¢
Static Water Level:. 3

Specific.Yield:

Remarks:  Qan FolloWln o LoGS

Consultant C p» M\

Location: PASCO LQUITY

Rig Used:_FAILING 2500

Days on Location: 7

Mud Used: 55 OAGS A:QU\A GeL

Additives:
(Orispak, salt, etc)

172 B8AGS SoDA ASH
25 LA DRUSPAK

1.0. 200"
Oriller(s):  RARRIE CHEREA
KE TH CANPGE&

CALVPER | SPONTANE 0WS PoTEMTmL, SINGLE  PONTY (e

ARD  SHoRT NORMAL RESISTIU (TY
Flow METER (STATIC > Pum

>) TEMPERATURE LoG (STATIC s Pumpi
PNG) . GAMMA RAY

FLUWD  RESISTIVITY (STRTICS PumPug)



ALSAY - PIPPIN CORPORATION

WELL LOG

I. Owner_WEST COAST REGIONAL 2.

3. Type Const.

RoTa RY 4.

Date:

Location PASCO  COWWTY )
Casing ]:Soix Fjr

5. Screen, Gravel, Etc. B
6. Total Depth 700' © 7. Jet Head 8. Static Level 3
From 70 Formation From | To Formation —
Q STl EINE SAND
10 AN SANDY  <UAY
25 | 30" | GREEN  <LAY
20 | 250" | WHITE & GRAY LMESTeN S,

MEDIUM HARDNESS whiTH

2088 oF QLAY FPEAT
7< ¢ 300' TAM %+ GRAY WNESToNC

AALGED FRoM VERY SofT

To MEDWM HARDNESﬁ
300 | 500 | MEpium HARD WIMESTONE

TAN % GRAY
500 | 700 | LIGHT BRoww + DARK BROWK

DOLOMITE . MEDIWY |

WARD NE S5 To VERY HARD

10. Iron 11. Ph 12. Hardness

9. Total Chlorides (ppm)

narks:

Dritler (s): BARRIE CHENER
KEaTH CAMPBELL
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CDM CAMP DRESSER & McKEE INC.

environmental engineers, scientists, One Tampa City Center, Suite 1750
pianners, & management consultants * Tampa, Florida 33602
813 221-2833
May 28, 1986

Ms. Loretta H. Holtkamp

West Coast Regional Water Supply Authority
2535 Landmark Drive, Suite 211

Clearwater, FL 33519

Re: Analysis of Step Drawdown Test from Test Well IA
Dear Ms. Holtkamp:

I am forwarding to you the results of the step drawdown test performed on
May 17, 1986, on Test Well IA. The analysis of the data indicates that the
well is extremely stable, neither experiencing further development nor
clogging at the tested pumping rates. The well is fully developed and
should not experience excessive deterioration through clogging adjacent to
the borehole during the expected life of the well. The well meets the
design pumping rate of 2,100 gpm with a minimal well loss of less than one
foot.

The results of the step drawdown test will be included in the final report
on Phase IA. Based on the above results, the pumping rate for the 5 day
aquifer performance test and recovery will be at the rate of 2,100 gpm as
specified in the Project Manual. ‘

If you have any questions concerning the above analysis, please give me a
call.

Sincerely,

CAMP DRESSER & McKEE INC.

James H. Jensen

JHI/Ccj~.

JHIST.1/4

PN: 6006-46-TW

Enclosure

cc: Ed Kent
Larry Roesner C
Gary wWitt <
Tod Monks

E. L. Adams



MEMORANDUM

TO: Jim Jensen
Tod Monks

FROM: Gary Witt
DATE: May 22, 1986
RE: Analysis of Step Drawdown Test from

West Coast Regional Water Supply Authority
Test Production Well #1 (revised)

The analysis methods used to analyze pumping test data from the stop
drawdown phase of the TPW-Al are described below. The drawdown (well loss)
in the test/production well due to the turbulent flow of water through the
borehole and inside the casing to the pump intake may be computed with the
following equation (Jacob, 1946):

2

SwL = CQ
where
s,. = well loss, ft
C = well loss constant, sec’/ft’
Q = production well discharge, cubic feet per second (cfs).

The value of C may be computed from step-drawdown pumping test data using
the following equation (Jacob, 1946):

C = 0s,/0Q,-0s - /00 .
0, + 8

The 4s terms in Equation la represent increments of drawdown produced by
each increase, 4Q, in the rate of pumping. The dimensions of 4s and AQ are
feet and cfs, respectively.

The method described above was used to analyze the data from the step
drawdown test of the above-referenced well.

Data obtained is as follows:
Q = 1,020 gpm = 2.27 cfs S, 2.49

Q, = 1,920 gpm = 4.28 cfs s, 5.11
Q, = 3,740 gpm = 8.33 cfs S, 11.5



MEMORANDUM
May 22, 1986
Page Two

c, = .048

, = .045

c
C, ,es = -047
c

1e2, 3 = -046

Based on this, the well losses are as follows for the three rates:

1,020 gpm = 2.27 cfs .25 feet
1,920 gpm = 4.28 cfs .83 feet
3,740 gpm = 8.33 cfs 3.19 feet

The analysis indicates the following about the well:

The well is extremely stable and capable of producing large quantities of
water. The well loss at the design rate of 2,100 gpm will be approximately
one foot. The high rate of 3,740 gpm shows that at higher rates the well
is less efficient. However, the rate tested exceeds the design capacity by
factor of 1.80. The velocity in the well casing is approximately 4 feet
per second which is more than acceptable. Therefore, most of the turbulent
flow is from friction losses in the borehole.

Specific capacities of the wells are as follows:

Step 1 - 408 gpm/ft of drawdown

Step 2 - 375 gpm/ft of drawdown

Step 3 - 325 gpm/ft of drawdown

If you have any questions concerning this analysis, please give me a call.

GMW/jra
EJK6T.3/13

cc: E.L. Adams
E.J. Kent
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AQUIFER TEST RECORD
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APPENDIX H

AQUIFER PERFORMANCE TEST ANALYSES



APT DRAWDOWN DATA SUMMARY



West Coast Regicnal Water Supply Authority
Phase IA Aquifer Performance Test

") Drawdown Data Summary
TPW-14 @ = 2150 gpm
TIME ' DRAWDOWN (ft.)
; i B Corrected
! RS B e e e
| | Well Well Loss,
i i Loss Regional
! H Well & Regional Trand,
! S Loss Trend & Hain baagia
Lhog Minutes, Uncorrected; {a) (b} {2 (3
0.00 0.000 | 0.000
-1.097 0.08 | 0.670 ! -0.130
~3.770 .17 | 1.340 ; 0.540 0,544 Lol i) ) EBE
-, 802 0.25 | 2.010 1.2310 1.210 Lo BLoun
-, 481 0.33 ! 2.86380 | 1.880 1.88u N LT
-0.377 0.42 | 3.350 | 2.550 2.5560 L RLO Ly
-, 301 0.50 | 4.000 | 3.200 3. 200 3. 29040 0,505
-0.237 6.5H8 | 4.015 | 3.215 3.2156 3,215 0. 507
-0.174 Q.87 4.030 | 3.230 3.230 3.2390 g, h0Y
-0.1258 0.75 | 4.045 ) 3.245 3.245 3.245 0.411
-N.081 0.83 ! 4.0860 | 3.2860 3.260 3. 2860 0.513
036 0.92 | 4.075 | 3.275 3.275 3.27h U.518
v. 000 1.00 | 4.090 | 3.290 3.290 3.290 0.517
t.124 1.33 | 4.170 ! 3.370 3.370 3.370 .62
0.1786 1.50 ! 4.220 | 3.420 3.420 3.420 0.534
0.262 1.83 | 4.280 | 3.480 3.480 3,480 SIS X )
0.6989 5.00 | 4.630 | 3.830 3.831 3.831 0.5383
1.000 10.00 ! 4.930 | 4,130 4.131 4.1231 1.616
1.41%5 26.00 | 5.410 | 4,610 4.614 4,614 0.664
1.699 50.00 | 5.810 ! 5.010 5.017 5.017 0.700
1.803 80.00 | 6.110 | 5.310 5.321 5.321 0.726
2.060 100.00 | 6.300 | 5.500 5.514 H.514 0n.741
2.217 165.00 | 6.630 | 5.830 5.853 5,853 0.767
2.4%97 300.00 | 6.990 | 6.190 6.332 65.232 G.795
2.623 420.00 | 7.165 | 6.365 6.423 6.431 0.808
2.778 600.00 | 7.355 | 6.555 5.633 5.8567 0.823
2.982 .960.00 | 7.540 | 6.740 6.873 6.514 0.840
3.079 1200.00 | 7.830 | 6.830 6.997 7.062 0.5848
3.158 1440.00 | 7.710 | 6.910 7.110 7.180 ¢.858
3.2556 1800.0G0 | 7.695 | 6.885 7.145 7.237 0.860
3.380 2400.00 7.780 6.980 7.313 7.442 0.872
3.477 3000.00 ! 7.895 ) 7.095 7.512 7.807 0.881
3.623 4200.00 ) 7.980 ¢ 7.180 7.763 7.785 0.891
3.681 4800.00 ! 7.947 | 7.147 7.814 7.814 0.893
3.742 5520.00 | 8.020 | 7.220 7.912 7.812 0.898
3.787 6120.00 | 8.070 | 7.270 7.983 7.983 0.902
827 6720.00 | 8.120 | 7.320 8.053 8.053 0.906
..865 7320.00 | 8.170 | 7.370 8.124 8.124 0.910
3.898 7920.00 | 8.085 | 7.295 8.070 8.104 0.909
3.930 8520.00 | 7.997 | 7.197 7.993 8.118 0.9089
3.947 8860.00 |



West Coast Regional Water Supply Authority
Phase IA Aquifer Performance Test
Drawdown Data Summary

DMW-1A+1950 @ = 2150 gpm
TIME ' - DRAWDOWN (ft.)
' ) - Corrected
! b o e o ;e e e MRl imr M L M A e S A e et e o e v e et ot m b —m e et -
! : Partial Fartial
: ' Partial Penetration Penetration,
4 ! Penetration & Regicnal Eegional Trand,
! ! (-0.04) Trend & Rain Loaglo)
S Log Minutes; Uncorrected| (a) {h) {c) (d)
0.00 ! 0.000 |
-1.097 .08 ! 0.000 | -0.040
-0, 770 .17 0.000 | -0.04a
-1, 602 0.2% 0.000 | ~0.040
-3, 481 0.33 0.000 | -0.040
-0 377 0.42 | 9. 000 | -0.040
-2,301 G.50 ! G.000 | -0.040
-0.237 {1.58 ! 0.000 ! -0.040
-.174 0.67 | ¢.000 | ~3.040
-0.125 0.75 | 0.000 ! ~-0.040
-0 081 .83 | 0.000 | -0.040
0386 0.92 | 0.000 | ~0.040
w. 000 1.00 | 0.000 | -0.040
0.124 1.33 ! 0.000 | -0.040
0.176 1.50 | 0.000 ! -0.040
0.282 1.83 ) 0.000 ! -0.040
0.6899 5.00 ! 0.012 | -0.028
1.000 10.00 0.035 ) -0.005
1.415 26.00 | 0.120 |} 0.080 0.084 0084 -1.078
1.699 50.00 | 0.245 | 0.2056 0.2i2 0.212 -0.874
1.903 80.00 ! 0.400 ) 0. 360 0.371 0.371 ~-0. 430
2.000 100.00 | 0.500 | 0.4860 0.474 0.474 -0, 324
2.217 165.00 | 0.770 | 0.730 0.753 0.783 0,123
2.477 300.00 | 1.220 | 1.180 1.222 1.222 0.087
2.623 420.00 | 1.380 | 1.350 1.408 1.418 0.149
2.778 600.00 | 1.530 | 1.480 1.573 1.592 G.197
2.982 960.00 | 1.640 | 1.800 1.733 1.774 ¢.239
3.079 1200.00 | 1.756 |~ 1.715 1.882 1.937 0.275
3.158 1440.00 | 1.805 | 1.765 1.965 2.035 0.293
3.255 1800.00 | 1.780 | 1.740 1.890 2.082 0.29¢
3.380 2400.00 1.850 | 1.810 2.143 2.272 0.331
3.477 3000.00 1.960 | 1.920 2.337 2.432 0.369
3.623 4200.00 | 2.020 | 1.980 2.563 2.585 0.409
3.881 4800.00 | 2.007 ! 1.987 2.634 2.634 0.421
3.742 5520.G0 | 2.060 | 2.020 2.712 2.712 0.433
3.787 6120¢.00 | 2.128 | 2.088 2.801 2.801 0.447
827 8720.00 | 2.150 ! 2.110 2.843 2.843 0.454
..865 7320.00 ! 2.225 | 2.185 2.938 2.939 0.468
3.88%9 7920.00 | 2.145 | 2.105 2.880 2.914 0.459
3.930 8520.00 | 2.040 | 2.000 2.796 2.921 0.447
3.947 8860.00 ! 2.0680 ! 2.020 2.828 3.005 0.451



West Coast Regional Water Supply Authority
Phase IA Aquifer Performance Test
Drawdown Data Summary

DMW-14+500 @ = 2150 zpm
TIME ! QRAWDOWN (ft.)
: ! Corrected
k b e o e e e e e e e e e~ e et . . e a am —t o — —
! ' Partial Partial
: ! H Fartial Penetration Penetrating,
N ' { Penetration & Regional Regional Trend,
. H ! (-0.14) Trend & Rain Liog (e
Log Minutes| Uncorrected) (a) {b) () (d
0.00 ! 0.000 !
-1.097 0.08 ! 0.0i5 ! -0.125
=Q.770 0.17 ! 0.085 | -0.055
-0.607 0.25 0.210 ! 0.070 0.270 .NTo S A S
0.481 0.33 | 0.305 ¢ 0.18% 0. 165 0,185 -0 . 752
-0.377 0.42 | 0.335 | 0.195 0.195 0,195 0.710
-0.301 0.50 ! 0.395 | 0.255 0.255 0. 255 ~-(.593
-0.237 0.58 | 0.425 | G6.285 0.285 0. 285 -0.545
-0.174 0.87 | 0.485 | 0.325 0.325 0.325% -0.,488
-0 125 G.75 1 0.505 ! 0.3865 0.3865 (3. 366 -0.433
D81 0.83 | 0.535% | 0.395 0.395 0,345 -G,403
-u.036 0.82 | 0.570 ! 0.430 . G.430 {.430 -0, 366
0.000 1.00 | 0.625 ! 0.485 0.485 ).485 -0.314
G5.124 1.33 ! 0:725 | 0.585 0.585 0. 585 L 2A3
0.176 1.50 | ! .
D.282 1.83 | 0.815 | 0.675 0.875 0.875 0,171
0.689 5.00 | 1.215 | 1.075 1.078 1.076 0.032
1.000 10.00 | 1.525 | 1.385 1.386 1.336 1.142
1.415 26.00 | 2.035 | 1.895% 1.899 1.899 0.278
1.699 50.00 2.395 | 2.255 2.262 2.262 0.354
1.903 80.00 | 2.710 ! 2.570 2.581 2.581 0.412
2.000 100.00 2.870 | 2.730 2.744 2.744 0.438
2.217 185.00 3.170 ! 3.030 3.0583 3.053 0.485
2.477 300.00 ! 3.535 3.395 3.437 3.437 0.5386
2.623 420.00 | 3.745 | 3.605 3.6863 3.871 0.565
2.778 600.00 | 3.970 ! 3.830 3.913 3.932 1.598
2.982 880.00 | 4.145 } 4.005 4.138 4.179 0.821
3.079 t1200.00 ¢ 4.245 | 4.105 4.272 4.327 0.636
3.158 1440.00 | 4,365 | 4,225 4,425 4,495 0.653
3.255 1800.00 | 4.370 i 4.230 4.480 4.572 .680
3.380 2400.00 ! 4,450 | 4.310 4.643 4,772 0.879
3.477 3000.00 | 4.547 | 4,407 4.824 4.98189 0.692
3.623 4200.00 ! 4,730 ! 4.590 5.173 5.185 0.716
3.681 4800.00 ! 4.710 ! 4.570 5.237 5.237 G.719
3.742 5520.00 | 4.765 | 4.625 5.317 5.317 0.728
787 6120.00 | 4.845 | 4.705 5.418 5.418 D.734
. 827 6720.00 | 4,790 ! 4.650 5.383 5.383 0.731
3.865 7320.00 ! 4.862 | 4.722 5.476 5.476 0.738
3.899 7920.00 | 4.775 | 4.635 5.410 5.444 0.738
3.930 8520.00 | 4.6895 | 4,555 5.3561 5.476 0.738
3.847 8860.00 | 4,715 | 4.575 5.383 5.560 0.745



West Coast Regional Water Supply Authority
Phase IA Aquifer Performance Test
Drawdown Data Summary

DMW~-1A+200 @ = 2150 gpm
TIME : DRAWDOWN (ft.)
i
! ' -4 Corrected
: , Partial Fartial
' ! Partial Penetration Penetration,
! 1 Penetration & Regional Regional Trend,
‘ ' ! (-0.35) Trend & Rain Lwg(c)
Log Minutes,| Uncorrected) (a) (h) {a) (£d3
0.00 | g.000
-1.087 0.08 | 0.010 ! -0.340
0.770 .17 | 0.260 | -0.080 .
~0.602 0.25 | 0.600 | 0.250 .250 0RO - 560
-0.481 0.33 | 0.860 | 0.510 0.510 R -], 2
-0.377 0.42 | 1.020 ! 0.6870 D.8670 J.670 ~1i.174
-0.301 .50 | 1.070 | 0.720 0.720 .720 ~(1.143
~-0.237 0.88 | 1.100 | 0.750 0.750 G.750 ~0.1256
~0.174 0.67 | 1.130 | 0.780 0.780 £, 780 -0.108
-0.125 0.75 | 1.180 | 0.830 0.830 0.830 -0.081
-0, 081 0.83 1.1956 | 0.845 0.845 0.84% ~(1. 073
036 0.92 | 1.210 | 0. 8860 0.860 0.860 -0.a865
. 000 1.00 1.230 | 0.880 0.880 0.880 ~().055
0.124 1.33 | 1.350 ; 1.000 1.000 1.000 TSN
0.176 1.50 | 1.3980 | 1.040 1.040 1.040 0.017
0.262 1.83 1.480 | 1.130 1.130 1356 0,053
0.699 5.00 | 1.930 | 1.580 1.581 1.581 4.199
1.000 10.00 | 2.280 | 1.830 1.931 1.931 0.285
1.415 26.00 | 2.740 | 2,390 a.394 2.394 0.379
1.699 50.00 | 3.140 | 2.790 2.797 2,797 O.447
1.903 80.00 | 3.440 | 3.080 3.101 3.101 0.492
2.000 100.00 | 3.580 3.240 3.254 3.254 0.512
2.217 165.00 ) 3.910 | 3.560 J.583 3.583 0.5h4
2.477 300.00 4.275 | 3.925 3.8867 3.867 0.6598
2.623 420.00 ! 4.460 ! 4,110 4.168 4.178 Q.8621
2.778 B600.00 ! 4.685 ) 4.335 4.418 4. 437 0.647
2.982 960.00 ! 4.8690 | 4,510 4.843 4.684 0.671
3.079 1200.00 ! 4.955 | 4,605 4.772 4,827 0.684
3.158 1440.00 | 5.080 4,730 4,930 5.000 0.69¢8
3.255 1800.00 | 5.070 | 4,720 4,970 5.082 0.704
3.380 2400.00 ! 5.155 | 4.805 5.138 5.287 0.722
3.477 3000.00 ! 5.247 ! 4.897 5.314 5.409 0.733
3.623 4200.00 | 5.310 | 4.960 5.543 5.565 0.745
3.681 4800.00 | 5.285 | 4.945 5.612 5.812 0.749
3.742 5520.00 | 5.360 | 5.010 5.702 5.702 0.758
3.787 6120.00 | 5.428 | 5.078 5.781 5.791 0.783
827 6720.00 | 5.480 ! 5.130 5.863 5.8863 0.768
..B65 7320.00 | 5.547 | 5.197 5.951 5.851 0.775
3.899 7920.,00 ! 5.460 | 5.110 5.885 5.919 0.772
3.830 8520.00 ! 5.400 | 5.050 5.846 5.971 0.776
3.947 88680.00



THEIS NONEQUILIBRIUM METHOD
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COOPER - JACOB METHOD
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The point where (i, r/L) = | and I /u = 10? is chosen as malch point Ago. On the
observed data sheet this point has the coordinales s = 0.035 m ant ¢ = 0.22 day.
Introduction of the appropriale numerical valucs into Eqs. (27) and (28) yields

761 ,
- — x| =1729m'|d
A% 314 x 0035 [day

kD = -g— W(n,rjL) =
4ns

and

4kDt . 4 x 1729 x 0.22 |

S =m0 X - = 1.9 x 107?
! 90? I(?

Furthermore, because r = 90 m and rfL = 0.1 it follows that L = 900 m and hence

¢ = L}kD = (900)}/1729 = 468 days.

3.4.2. NANTUSH'S METHIOD |
uaNTUsH (1956) developed several methods of analyzing the data from pumping lests
in semi-confined aquifers, using the inflection point of the time-drawdown curve on
single logarithmic paper. However, to determine the inflection point the steady-state
drawdown should be known from direct observation or from extrapolation.
The following assumptions and conditions should be satisfied:

— The assumptions and limiting conditions as listed for the Walion method (Section 4.1).
— The steady-state drawdown should be (approximately) known.

In the Hantush method I, which is based on Eq. (27), the drawdown measurements of
a single piezometer are used.

The curve of s versus ¢ on single logafithmic paper has nn inflection point p, dis-

cusscd further below (Fig. 26) where the following relations hold

v s b= S ko, ) | )

where K, is the modificd Bessel function of the second kind and zero order.

: r's r
b. ll' = . B .
. 4kDi, 2L

(30

c. the slope of the curve at the Inflection point, 4s,, is given by

1\

s In meters
‘015
Pid P | 1
/;)'///.—- T §n*0147m
‘ Z/
. 010 ¢ —
/ 83,-0072
| _Inflection noint /
5ps00735m M
[P () U R DI SN S ¥
,// < log cycle ———s
005} —=< |
|
|
o.0ol_
: 10- 8 2 6 8 10! 2 0
» 2.8 x10 *days 4 8 ins.le
p y t In days—>

Flg. 26. Analysis of data from pumping test ‘Dalem’ (r = 90 m) the Hantush method |

12300 _ .
As, = —-_ LIt
* = i )

or
2,300
r=2,30L (log =222 _ log 4
(log 4akD og 45,) G2

d. at the inflection point the relation between the drawdown and the slope of the
curve is given by

s r < ’
2.30 'jf' =" Ko (r]L) (81}
’ .

In Eqs. (292 to (33) the index p means ‘at the inflection point’. Further ds stands for
the slope of a straight line, i.c. the drawdown difference per log cycle of time,




Procedure
~ Plot on single logarithmic paper the drawdown s versus the corresponding time ¢
(¢ on logarithmic scale) and draw the curve that best lits through the plotted points
(time-drawdown curve, Fig. 26).
_ Determine the value of the maximum drawdown s,, by extrapolation. 1t will be
noticed that this is only possible if the period of the test was fong enough.
- Calculate s, by using Eq. (29): s, = (1) 5. The value of s, on the curve locates the
inflection point P.
- Read the value of 7, at the inflection point from the time-axis (absciss).
~ Determine the slope 4s, of the curve at the inflection point. This can be closcly
approximated by reading the drawdown difference per log cycle of time over the
straight portion of the curve on which the inflection point lics, or over the tangent to
the curve at the inflection point.
— Substitute the valucs of s, and 4s, into Eq. (33) and find r/L by interpolation from
the table of the function e*Ky(x) given in Annex HIL .
~ Knowing r/L and r, calculate L.
— Knowing Q, s,, 4s, and r/L, calculate kD from Eq. (31) using the table of the
function e~* (Annex 1), or from Eq. (29) using the table of the function Ky(x),
(Annex I11).
- Knowing kD, t,, r and r/L, calculate S from Eq. (30).
~ Knowing kD and L, calculate ¢ from the relation ¢ = L?/kD.

Remarks
— The accuracy of the calculated formation constants depends on the accuracy of the
extrapolation of the value of s,,. The calculation should therefore be checked by sub-
stituting the values of S, L and kD into Eqs. (28) and (27).
For dilferent values of 1, s should be calculated. The values of s should - in any case
if the values of f are not too small — fall on the observed data curve. If the calculated
data deviate from the observed data, the extrapolation of s, should be adjusted.
Sometimes the observed data curve may be drawn somewhat steeper or flatter through
the plotted points and so 4s, can be adjusted too. With the new values of s,, and/or
4s,, the calculation is repeated.
_ If there is more than one piezometer this method can be applied to the data of each
piezometer separately, or the Hantush method 11 for the analysis of unsteady-state
flow in leaky aquifers with more than one piezometer should be applied.

Example
From the pumping test ‘Dalem’ the data from the piezometer at 90 m (Table 10) are
used for a numerical example.
The drawdown data from this well are plotied versus f on single logarithmic paper
(Fig. 26) and the maximum (or steady-state) drawdown is found by extrapolation
(5. = 0.147 m). According to Eq. (29) the drawdown at the inflection point

IS

86

s, = } Sm = 00735 m. Plotting this point on the time-drawdown curve gives
1, = 2.8 x 10~*day.

Through the inflection point of the curve a tangent line to the curve is drawn which
matches here with the straight portion of the curve itself. The slope of this tangent
line 4s, = 0.072 m.

Introducing these values into Eq. (33) gives

23050 =230 x 29133 _ 234 = ek (/L)
0.072 -

ds,

Using Anncx 111 gives r/L = 0.15 and because r = 90 mit follows that L = 90/0.15 =
600 m.

Furthermore Q = 761 m?/day is given, and the value of et = %1% =086 is
found from Annex 111. Substitution of these numerical values into Eq. (31) yiclds

ip o 2308 oo 230X TOL g6 — 1665 m?/day

4nds, 4 x 3.14 x 0.072

and consequently

C= — = - = 2l6days
kD 1665

Introduction of the appropriate numerical values into Eq. (30) gives

-2
_rdkDi 90 4 x 1665 x 28 x 1077 _ 5, o3

2Lrf 2 x 600 902

S

To verify the extrapolated steady-state drawdown, the drawdown at a chosen moment
is calculated using Egs. (27) add (28). If ¢ = 0.1 days is chosen, then

2 2 -3
u=.r-§ 90 xl.7xl(1~=0.02

KDt 4 x 1665 x 107

According to Annex 1V, W(u, r/L) = 3.11 (for u = 0.02 and r/L = 0.15). Thus

761

0 ]
o = -2 Wy = - x 31 =0.113m
Suomy = 5 3 p WD) = e 4 < T66s

The point 1 = 0.1, s = 0.113 falls on the time-drawdown curve and justifies the extra-
polated value of s,
In practice several points should be tried out.

pe
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3.4.3. HANTUSH'S METHOD 11

This method, which is also based on Eq. (27), can be used to analyse the data froin
pumping tests for which the assumptions and limiting conditions as described in Section
4.1 (Walton method) are satisfied. However, it should be noted that data from at least two
piezometers should be available and that the maximum drawdown can be extrapolated
Jor each of these wells. :

Procedure .
- Plot on single logarithmic paper the drawdown s versus the corresponding time ¢
for all piezometers (¢ on logarithmic scale, Fig. 27).
- Determine the slope of the straight portion of each curve; these are the values 4s
(the drawdown difference per log cycle of time). :
~ Plot on single logarithmic paper distance r versus slope 4s (4s on logarithmic scale),
and draw the best-fit straight line through the plotted points. This line is the graphic
representation of Eq. (32).
= Determine the slope of this line 4r: the difference of r per log cycle of 4s (Fig. 28).
- Extend the straight line till it intercepts the absciss where r = 0 and 4s = (d4s),.
Read the value of (4s),.
~ Knowing the values of 4r and (ds),, calculate L from Eq. (34)

Vs (34)

L=_
. 2.30

and kD from Eq. (35)

kD = 2.30 ——Q—- -+ (35)
4n(d4s),

- Knowing kD and L, calculate ¢ from the relation ¢ = L2/kD.

- With the known values of Q, r, kD and L, calculate s, for cach observation well,
using Eq. (29): 5, = (Q/4nk D)K(r/L) and the table for the function Ko(x), given in
Annex HI.

s in meters rinmeters
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Fig. 27. Analysis of data from pumpling test ‘Dalem’ with the Hantush method Il: Determination of
values of As for different values of r
Fig. 28. Idem, Determination of the value of Ar

= Plot each s, value on its corresponding drawdown-time curve and read 1, on the
absciss.
~ Knowing the values of kD, r, r/L and 1,, calculate S from Eq. (30): (r2S)/(4k D1,) =
= (r/L). .

Example
From the pumping test *Dalem’ (Table 10), data from the piezometers at 30, 60, Y0
and 120 m are used in working sut a numerical example.
In Fig. 27 a time-drawdown curve has been drawn for each of the piczometers on

single logarithmic paper. The slope of the straight portion of each curve was determ-
ined, resulting in

A4s (30 m) = 0.072 m
As (60 m) = 0.069 m
4s (90 m) = 0.070 m
4s5(120 m) = 0.066 m



In Fig. 28 the valucs of ds were plotted versus r on single logarithmic paper nnd a
straight line was fitted through the plotted points. Because of its sicepness, the slope
wis meusured us the dilference of r over 1/20 log cycle of 4s (if | log cycle measurcs
10 cm, 1120 log cycle measures 0.5 cm). The difference of r per 1/20 log cycle of As
cquals 120 m or the dillerence of r per log cycle of 4y, i.e. dr, equals 2400 m, The
straight line interseets the As uxis where ¢ = 0 in the point (4s), = 0.074 m. Subsii-
tution of these values into Lqs. (34) and (35) gives

" 230

und since @ = 761 m?Jduy

kD

linully
L’
C =

For each piczometer the value of r/L is calculated and the corresponding values of

- 2300 .
4x(ds),

kD . 1883

230 x 761
4 x 3.14 x 0.07

v-m= X 2400 = 1044 m
.30

- = 1883 m?fday

Ko(r/L) are found in Annex H1I. The results are listed in Table 11,

Tanee 11

Data to be substituted Into Eqs. (29) and (30)

r
(m)

30
60
90
120

The drawdown, s,, in the inflection point of the curve thtough the observed dinla\, ns
plotted in Fig. 27 for the piczometer at 60 m, is calculated from Eq. (29)

£ (60) = —— Ko{r/L)

The point on this curve for which § = 0.0982 m is determined; this is the inflection
point. On the absciss the value of 1, at the inflcction point is 1, (60) = 3.25 x 10-?
days. While from Eq. (29) it follows that s,, (60) = 2 s, (60) = 0.196 m.

920

riL

0.0287
00575
0.0860
0.1148

KalriL)

3.668
2.984
2.516
2.290

3
(m)

0.1200
0.0982
0.0841
0.0748

761
4 x 3.14 x 1883

’P
(day)
oulslde figure
325 x 10-?

3185 x 10-?
4.70 x 10-?

x 2.984 = 0.0982 m

Su

(m)

0.240
0.196
0.168

. 0450

v
This calculiation is also made for the other piezometers. The results are lisicd
Table 1.

Substitution of the values of 1, into Eq. (30) yiclds valucs of S.
For example for r = 60 m

rodko, 60 4 x 1880 x 3.25 x m"f 20 x 107}

S=.A. . - e = e X

2L ! 2 x 1044 wo?
In the snme way for r = 90 m and for r = 120 m, the values § = 1.6 x 1072 ¢
S = 1.5 x 10~? urc calculated. The nverage value of § = 1.7 x 1072,
1t will be noticed that the caleulated values for the steady-state drnwdown are soi
what higher than the extrnpolated values from Tuble 8.



ANNEX II1. Table of the functions e*, ™%, K (x) and e, (x}: after =anTUsH (1755)

x -x X x -x x x -x X
x e e Ko(x) e Ka(x) x e e Ko(x) e Ko(x) x e e Ko(x) e Ko(x)
0.010 1.010 0.990 4.721 4.769 [0.10 1.105 0.905 2.427 2.682 | 1.0 2.718 0.368 0.421 1.144
11 1.011 0.989 4.626 4.677 11 1.116 0.896 1.333 2.505 | 1.1 3.074 0.333 0.366 1.098
12 1.012 0.988 4.539 4.5%4 12 1.127 0.887 2.248 2.534 | 1.2 3.320 0.301 0.318 1.057
13 1.013 0.987 4.459 4.517 13 1.139 0.878 2.169 2.471 | 1.3 3.669 0.272 0.278 1.021
14 1.014 0.986 4.385 4.447 14 1.150 0.369 2.097 2.412 | 1.4 4.055 0.247 9.244 0.988
1S 1.015 0.985 4.316 4.381 15 1.162 0.861 2.030 2.358 | 1.5 4.482 0.223 0.214 0.958
16 1.016 0.984 4,251 4.320 16 1.173 0.852 1.967 2.309 | 1.6 4.953 0.202 9.188 0.931
17 1.017 0.983 4.191 4.263 17 1.185 0.884 1.209 2.262 | 1.7 5.474 0.183 0.165 0.906
18 1.018 0.982 4.134 4.209 18 1.197 0.835 1.854 2.219 | 1.8 6.0S0 0.165 0.146 0.883
19 1.019 0.981 4.080 4.158 19 1.209 0.827 1.802 2.179 | 1.9 6.686 0.150 0.129 0.861
0.020 1.020 0.980 4.028 4.110 [0.20 1.221 0.819 1.753 2.141 | 2.0 7.389 0.135 0.114 0.842
21 1.021 0.979 3.980 4.064 21 1.234 0.811 1.706 2.105 | 2.1 8.166 0.122 0.101 0.823
22 1.02Z 0.978 3.333 4.021 22 1.246 0.802 1.662 2.071 | 2.2 9.025 0.111 8.93 (-2) 0.806
23 1.023 0.977 3.889 3.979 23 1.259 0.794 1.629 2.939 | 2.3 19.974 0.100 7.91 (-2) 0.789
24 1.024 0.976 3.846 3.940 24 1.271 0.787 1.580 2.008 | 2.4 1.10251; 9.07 (-2) 7.02 5-2) 0.774
25 1.025 0.975 13.806 3.902 25 1.284 0.779 1.541 1.979 | 2.5 1.218(1) 8.21 (-2) 6.23 (-2) 0.760
26 1.026 0.974 3.766 3.866 26 1.297 2.771 1.505 1.952 | 2.6 1.346(1) 7.43 (-2) S5.54 (-2) 0.746
27 1.027 0.973 3.729 3.831 27 1.310 0.763 1.470 1.925 | 2.7 1.488(1) 6.72 (-2) 4.93 (-2) 0.733
28 1.028 0.972 3.692 13.797 28 1.323 0.756 1.436 1.900 | 2.8 1.644(1) 6.08 (-2; 4.38 (-2) 0.721 H
29 1.029 0.971 3.657 3.765 29 1.336 0.748 1.404 1.876 | 2.9 1.817(1) 5.50 (-2) 3.90 (-2) 0.709 !
0.030 1.030 0.970 3.623 3.738 [0.30 1.350 0.741 1.372 1.853 | 3.0 2.009(1) 4.98 (-2) 3.47 (-2) 0.698
31 1.031 0.969 13.591 3.708 31 1.363 0.733 1.342 1.830 | 3.1 2.220(1) 4.50 (-2) 3.10 (-2) 0.687
32 1.032 0.%68 3.559 3.675 32 1.377 0.726 1.314 1.809 | 3.2 2.453(1) 4.08 (-2) 2.76 (-2} 0.6877
33 1.034 0.967 3.528 3.647 33 1.391 0.719 1.286 1.788 | 3.3 2.711(1) 3.69 (-2) 2.46 (-2) 0.567
34 1.035 0.967 3.499 3.620 34 1.405 0.712 1.259 1.768 | 3.4 2.996(1) 3.34 (-2) 2.20 (-2) 0.658
35 1.036 0.366 3.470 3.593 35 1.419 0.705 1.233 1.749 | 3.5 3.312(1) 3.02 (-2) 1.96 (-2) 0.649
36 1.037 0.965 3.442 3.568 36 1.433 0.698 1.207 1.731 | 3.6 3.56021} %.73 2-2; 1.75 i-Z; n.640
37 1.038 0.964 3.414 3.543 37 1.448 0.691 1.183 3.7 4.045(1 .47 {-2) 1.56 (-2) 0.6832
38 1.039 0.9%63 3.388 3.519 38 1.462 0.684 1.16C 1.696 | 3.8 4.470(1) 2.28 (-2) 1.40 (-2) 0.624
39 1.040 0.962 3.362 3.495 39 1.477 0.677 1.137 1.679 | 3.9 4.940(1) 2.02 (-2) 1.25 (-2) 0.617
0.040 1.041 0.961 3.336 3.473 0.40 1.492 0.670 1.114 1.5663 4.0 5.460(1) 1.83(-2) 1.12{-2) 0.509
041 1.0842 0.960 3.312 3.450 41 1.507 0.664 1.093 1.647 4.1 6.034(1) 1.00(-2) 1.00(-2) 0.602
042 1.043 0.959 3.288 3.429 42 1.522 0.657 1.072 1.632 4.2 65.669(1) 8.9 (-3) 0.535
043 1.044 0.958 3.264 3.408 43 1.537 0.650 1.052 1.617 4.3 7.370(1) 8.0 (-3) 0.589
044 1.045 0.957 3.241 3.387 44 1.553 0.644 1.032 1.502 4.4 8.145(1) 7.1 (-3) 0.582
045 1.046 0.956 3.219 3.367 45 1.568 0.638 1.013 1.589 4.5 9.002(1) 6.4 (-3) 0.575
046 1.047 0.955 3.197 3.348 46 1.584 0.631 0.994 1.575 4.6 9.943(1) 5.7 (-3) 0.570
047 1.048 0.954 3.176 3.329 47 1.600 0.625 0.976 1.562 4.7 1.099(2) S.1 (-3) 0.564
048 1.049 0.953 3.155 3.310 48 1.616 0.619 0.958 1.549 4.8 1.215(2) 4.6 (-3) 0.559
049 1.050 0.952 3.134 3.292 49 1.632 0.613 0.941 1.536 4.9 1.343(2) 4.1 (-3) 0.553
0.050 1.051 0.951 3.114 3.274 0.50 1.649 0.606 0.924 1.524 5.0 1.484(2) 3.7 (-3) 0.s48 !
051 1.052 0.950 3.094 3.256 .51 1.665 0.600 0.908 1.512 {
. 0s2 1.053 0.949 3.075 3.239 .52 1.682 0.594 0.892 1.501 }
N 053 1.054 0.948 3.056 3.223 .53 1.699 0.589 0.877 1.489
054 1.055 0.947 3.038 3.206 .54 1,716 0.583 0.861 1.478 .
0S5 1.056 0.946 3.019 3.190 .55 1.733 0.577 0.847 1.467
0S6 1.058 0.945 3.001 3.174 .56 1.751 0.571 0.832 1.457
057 1.059 0.945 2.984 3.159 57 1.768 0.565 0.818 1.446
058 1.060 0.944 2.967 3.144 .58 1.786 0.560 0.804 1.436
059 1.061 0.943 2.950 3.129 59 1.804 0.554 0.791 1.426
0.060 1.062 0.942 2.933 3.114 0.60 1.822 0.549 0.777 1.417
.061 1.063 0.941 2.916 3.100 61 1.840 0.543 0.765 1.407
062 1.064 0.340 2.900 3.086 .62 1.859 0.538 0.752 1.398
063 1.065 0.939 2.884 3.072 63 1.878 0.533 0.740 1.389
.064 1.066 0.938 2.869 3.058 .64 1.896 0.527 0.728 1.380
.065 1.067 0.937 2.853 3.045 .65 1.915 0.522 0.716 1.371 -
.066 1.068 0.936 2.838 3.032 .66 1.935 0.517 0.704 1.363
.067 1.069 0.935 2.823 3.019 .67 1.9%4 0.512 0.693 1.354
.068 1.070 0.934 2.809 3.006 .68 1.974 0.507 0.682 1.346
; .069 1.071 0.933 2.794 2.994 .69 1.994 0.502 0.671 1.338
: 0.070 1.072 0.932 2.780 2.981 0.70 2.014 0.497 0.660 1.330
| 71 1.074 0.931 2.766 2.969 71 2.034 0.492 0.650 1.322
| 72 1.07S 0.930 2.752 2.957 72 2.054 0.487 n.640 1.315
73 1.076 0.930 2.738 2.945 73 2.075 0.482 0.630 1.3n7
78 1.077 0.929 2.725 2.934 74 2.096 0.477 0.629 1.300
75 1.078 0.928 2.711 2.923 75 2.117 0.472 0.611 1.293
76 1.079 0.927 2.698 2.911 76 2.138 n.468 n.601 1.285
77 1.080 0.926 2.685 2.900 77 2.160 0.463 0.592 1.278
78 1.081 0,925 2.673 2.889 78 2.181 0.458 0.583 1.272
79 1.082 0.928 2.660 2.879 79 2.203 0.454 0.574 1.265
0.080 1.083 0.923 2.647 2.368 0.80 2.225 0.449 0.565 1.258
81 1.084 0.922 2.635 2.857 81 2.248 0.445 0.557 1.252
82 1.085 0.921 2.623 2.847 82 2.270 0.480 0.548 1.245
83 1.086 0.920 2.611 2.837 83 2.293 17.436 0.540 1.239
84 1.088 0.919 2.599 2.827 84 2.316 0.432 0.532 1.233
85 1.089 0.918 2.587 2.817 85 2.340 7.427 0.524 1.226
8 1.090 0.918 2.576 2.807 86 2.363 n.423 0.516 1.220
87 1.091 0.917 2.564 2.798 87 2.387 0.419 0.509 1.214
88 1.092 0.916 2.553 2,788 88 2.411 0.415 n.501 1.209
89 1.093 0.915 2.542 2.779 89 2.435 0.411 n.494 1.203
0.090 1.09¢ 0.914 2.531 2.769 0.90 2.460 9.407 0.487 1.197
91 1.095 0.913 2.520 2.760 91 2.484 0.402 0.480 1.192
\ 92 1.096 0.912 2.509 2.751 92 2.509 1.398 1.473 1.186 *
y 92 1.097 0.911 2.499 2.742 93 2.534 0.395 0.466 1.181
i 94 1.099 n.910 2.488 2.733 94 2.560 N.391 n.459 1.175
95 1.100 0.909 2.478 2.72% 95 2.576 n.387 0.452 1.17n
! 96 1.101 0.908 2.467 2.716 % 2.612 0.283 1.445 1,163
] 97 1.102 0.8 2.457 2.707 97 2.633 n.377 n.4an 1.1¢9
i 98 1.103 J0.M7 2.437 2.699 ! AR 2,681 9,275 0,477 1154 |
oL IO (AT S T 1o L S P A I U Y I 0 2 EA1T A 379 Alear 2 gga !
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HANTUSH - JACOB METHOD
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JACOB LEAKY ARTESIAN METHOD
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ANISOTROPIC METHOD

(Requires Hantush - Jacob Method)

Ref. - Analysis of Data from Pumping
Test in Anisotropic Aquifers
by Mandi Hantush, Journal of
Geophysical Research, Vol. 71 (1966)
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V4 Analysis of Data from Pumping Tests in Anisotropic_Aquifers . oA
> | TJourngl of G-ey/ <jcal
J - Manor S. HanTusir Resaare Lol
. M i E !,
1. T'he College of Engineering, _ 5 ‘ § t
University of Baghdad, Baghdad, Iraq JTan.-fFet. (9E4 ‘7!{ 7]
a Vel. =7/ e 5
%, Abstract. In conventionul methods of aquifer tesls homogeneous and .isotropic aquifers P"i :4 b
1 are assumcd. In many instances, however, the aquifers tested are anisotropic. Procedures are B }..;" il
b vutlined for determining the principal directions of anisotropy .and the hydraulie properties :1""{.'4?!
. of homogencous anisotropic aquifers. Data from pumping tests in leaky or noaleaky aquifers L ED Y -4
are used. The aquifers are uniform i thickness, and the flaw therein during the period of ot :}; 11y
the test behaves as if it were in an infinite aquifer. The collected duta ure from at least ks ;_{};!';..‘\
two groups of weils if the principal directions of anisotropy are known and from at least three e i’ ‘i%u i
groups of wells if these directions are not known. Each group of wells is located on a different ,' : ;, 4
radial line. When the pumped weil partially penetrates the aquifer, the observation wells ¥ !.ilﬁ
should either be completely acreened throughout the aquifer or be located at distances from R e
the pumped well of at lcast 156(K./k.)*?, where b is the uniform thickness of the aquifer, i ‘E‘:
K. is the vertical conductivity, and X, is the directional conductivity in the horizontal planes ¢ .' o
uf the aquifer. The proccdures are illustrated by an example of computation. LS f’Péj
o -:: w
E '.é;;.h’
INTRODUCTION distant from the pumped weil; Q is the constant £ ,,1, 5
o ) discharge of the completely penetrating well; T 3 Sah e
. 1{"8_ mefJ xod:.f?r txlmalyzmg dat.).ufrom plu lt"i)' and S are, respectively, the transmissivity and b “30
ing :ats, in v; ich d’lle pd‘{m})ed wef comp g ?ty the storativity (storage coefficient) of the 3, :'ﬁi
‘“’Z‘Tm. 3‘3 ] si& ”t, \se mrgg? rom mbr:ej homogeneous and isotropic aquifer; (K’/b) is 34 vARA
B :l" T‘L“ &y f‘“ “’l:}‘: 2qui etj’ ‘;;" t“ p. the leakage coefficient, K’ and & being the hy- & {’ ;
;_"f‘,' ; f ’el €13 form o: ogc} e i an13§; draulic conduetivity and the thickness of the Z}. AR
' :“";"' ;n?;x .-xwr;;e ;; ex:m}ip :96 -JoeDer,W. t’ semipervious layer, respectively; 11"(u) and x Jj's;;g
ll‘J!:.'.., "gu,T] : ’f an:u.t(i 'b" :} ;183 * W(u, r/B) are the weil functions for nonleaky gﬂf :‘.i!::i:_
2 no ‘:c ",3:.3 ormufa, bmcn g the low  nd leaky aquifers, respectively; they are ex- T, i ::-'g
' tonleaky aquilers, is given by tensively tabulated [sce for example [{antush, £ ;“ ;? e
. 1956, 1964; Waiton, 1962;: De Wiest 1965]; M b
= (/4=T) 1 1 P ' ’ ’ ; R
\ * (@/4T) () ) and K, is the zero-order modified DBessel func- “ ’U?’E‘
d e Hu{ltusch-.]acob formula for the flow ;00 of the second kind, tabular values of which RS>
a leaizy aquifers can be expressed by either are available [sce for example Duwighe, 1961: R ::l
. Hantush, 1956; Walton, 1962; De Wiest, 1965]. Chow
+ = (Q/A4xT) W(u, r/B) ) The function W*(q, r/B) is the second form of ey ;“:i:;::
v the well function for leaky aquifers and is de- et 'Ji‘
fined b PN ";3;
s = (Q/4xT) I¥*(q, r/B) (3) d i
with ‘he ultimate steady-state drawdown s, W*(a, B) = 2K,(8) - W(a, 8) ' ': {;;
sty = (0, 8) = Wa, §) ST
foaey '?»(
3 = (Q/2xT)K,(r/B) (4)  where I¥(a, 8) is the well function for leaky o
* here aquifers. Obviously, IV*(a, 8) can be obtained S
\ from the available tables of W (e, B). - ”
V= g v=T/S B = T/(K'/V) The methods of analyzing data from pump- ' ;:i‘::
) ing tests in leaky and nonleaky homogeneous S
¢ = (K'/V)Y/S isotropic aquifers, henceforth referred to as the
W 3 Jenotes the induced drawdown at any  isotropic methods of analysis, are well known
- tme ¢

since pumping sturted and at any point r

[adta il
i

[see for example Jucob, 1950; Butler, 1957;
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Todd, 1959; Schocller, 1959, 1962; Walton, volved. This analogy suggests the possibility o
1962; IHantush, 196+; De Wiest, 1965]. All m.kag use of the isotropic methods of anaiyy,
these methods first determine T and one or both  in attempting to develop procedures for analy,
of the constant parameters v and B. The two ing similuar data from anisotropie aquifers,
remaining unknowns S and ( K’/Woﬂow-fromi
the relations ¥ =..T/S%and B*:==T/(K’/V’),
3 -~ since T has already been obtained. Obviously, S
- and (K’/8’) could not have been computed if
the value of T, appearing in the expressions for
v and B, were not the same as that invoived in
the factor (Q/4=T).

In many instances, aquifers may be cousid-
ered homogeneous but not isotropic. In such
aquifers, the hydraulic conductivity varies from
direction to direction. In two-dimensional flow
(or what may be considered as two-dimensional
flow), the transmissivity in the flow direction,
usually referred to as the difettional” trans-—

“missivity#8an be shown [see for exampie A aas-

land, 1957] to be given by
'ﬂ“f- ='=" T 1e M I A2 gy o methods of analysis when used in conjunctiva
Fre= To/[coa™d + (T./T.) sin"6] ) with data from observation weils located on a
where T,, T,, and T, are the transmissivities radial line in an anisotropic aquifer will yield
in the z, y, and r, dxrgcnonsp:espeonvelﬁ-‘ha “FWrvalues for T, and either one or both of the
direction- makmg the mxgie f§_with_the z axis, parameters v and B’ for that given direction.
and where the coordinate nxes z and . y are" The determination of T,, v and B’ in only
«pamllel to the principal difectiond of anisotropy.  one direction provides three equations with four
The counterparts of (1), (2), (3), and (4) or five unknowns, depending on whether the
for homogeneous anisotropic aquifers [antush, principal directions of anisotropy are known.

ANALYSIS

The isotropic methods of analysis are bagq
on one or the other of (1) through (4). Tie
parameters T, v, and B in these equations are |
constants. In general, this is not true in the i
" corresponding equations for the flow in aniw.
tropic aquifers. Although T, herein is constant
rezardless of the location of the observed point,
the quantities v/ and B’ vary from direction 1o
direction. They are constants for any given di. __
rection, however. Thus the drawdown variatien
in observation wells finished in anisotropic aqui-
fers and located on any radial line will be given
by (6), (7), (8), or (9), with constant values
for T,, v/, and B’. Consequently, the isotropic

1965] are ‘These equations are
= (Q/4xT,) W(u) (6) T, =(T.T)"> v =T,/ (1)
8 = (Q/4xT)W(', r/B) (M B = [T,/(K'/¥)]"?
s = (Q/4=T,)W*(q, r/DB’) (8)
s = (Q/2xT.) Kqo(r/B’) (9

= Ees el 0 ETLASIE S A b TP CRA DANSILIIA 5 DI AD 2SI Y. £ TR T T ey - N
: R e o0 P OF NI Ay e ey AR 2 2 PR e

g where

by u = r/4u t 7= (K'/¥)t/S i
,; To= (T.T) 1y = T.)8 (10) ‘
i ‘= (1B )] 2

It should be observed that, although 7', is a con- f
stant for the anisotropic aquifer, the quantities
v and B’ are not constant but are functions of aservenen wad
direction, siuce they depend on T,, which varies
with the polar angle 4.

Equations 6, 7, 8, and 9 are aualogou§ to (1), Fig. 1. Location of three rays of observatios
(2), (3), and (4), respectively, the difference ;. "0 anisotropic aquifer of unknowa princips
being in the meaning of the parumeters in-  {irections of anisotropy.
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| and the principal directions of anisotropy are
s defined by @ in the expression of T, [sce
15)]. Consequently, more information is needed
10 compiete the solution of the problem. Such
* mformation c1n be provided if observations in
" one or two (depending on whether 4 is known)
other groups ~f observation wells are available.
Figure 1 shows three groups of weils (Gne
sell can constitute a group), each on a different
ndial line. Lel @ and 8 be the angles which the
weond and third line make, respectively, with
the first. Let “he z and y axes be parallel to the
directions of anisotropy, the first line making
the angle @ with the z axis. Conscquently, the
! frst, second, ond third lines of observation wells
sre making thie angles 4, § + @, and § + B
| wuh the z axis, respectively, the z axis being
me of the principal directions of anisotropy. Let
l the values of the paraneters (v, T., B’) for the
!' first, second, and third groups of observation
rdlls be denoved by (v, Tu, BY), (v T.., BY),
ud (v/ Tr, By'), respectively. From 5), T.,
' T.and T, are given by
| — .

/T.. = T‘ [ers® 8 + n sin® 9
T, =T, [cus® (8 + a) + 7 sin® (6 + )]
f.’ (13,)
i T,y = T,/[cns" (6 + B) + nsin’ (0 + ﬁ)]/

~ - (19)

imm which the following two relations can Le
shiained

cos’ (0 + a) + n sin? (8 + a)
cos’ @ + nSin’ 9

ha £8° (€ + B) + nsin’ (8 + G)

g =

w08’ 6 + nsin’ @ (16

vhere
a = '/n') = (B/B)  (17)
bé;@f{/jﬁ:“(Bl,/B!’), (18)
[r=t/n =@/t ] (o

l\noujvn pri:cipal directions of anisotropy. 1f
the brneipa!  directions of anisotrophy are
wn, the information required to solve for
'he four unknown quantities can be provided
f“"'" observations in two groups of wells, ench
Lbﬂf-{ on a different radial line. Let these two

- —e — — | ———————— -

FUMPLNG TESTS IN ANISUTROPIC AQUIFERS

(12)

!
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shere- the unknowns are T,, T,, S, (K’/V), groups be those of the first and sccond lines

(Figure 1). From (15) and (19), one obtains

sin’ (8 + a) — asin? 8)""
a cos’ §— cos’ (6 + a) (20)

T, = T.(

Since 4, a, T,, v/, v/ By By, and, consequently,
a are known from observation, the successive
solutions of (20), (19), (12), (13), S = (T../
w’) or = (T=/v’), and (K’/&) = (T./B\")
or = (T./B,”) will produce values for T,, T.,
T.., T, S, and (K’/b’), respectively.

Unknown principal directions of anisotropy.
If the principal directions of anisotropy are un-
known, the information required to solve for the
five unknown quantities can be provided from
observutions in three groups of wells lying on
different radial lines. Let these groups be those
of Figure 1.

Solving (15) and (16) for 4 and n yields

K (0 =Dsin’a—(a—1)sin’3
“(b—1)sin 22— (a — 1) sin 28

tan 28 = —

(21)
cos’ (8 4+ a) — a cos® 9
" e 0 — sin’ (0 + (22)
or 5
2 . ?
o o= S (6 4+ B8) — b cos® 9 (23)

bsin® § — sin’ (8 4+ p)

It should be noted that a negative value of ¢
indicates that the positive z axis lies to the left

of the first line of observatjon,wel

0 I00 le*(28)

TSR
(15) ™ m"the mn{g’?ﬂ and: 2»of¥the’zy plane. If one

of the roots is 8, the other will be = + §. Con-
sequently, § has the two values §,2, and /2 +
8/2. One of the values of 4 yields n > | and
the other n < 1. This is to be expected because
these two values leave (15) and (16) invariant
except for reciprocating the value of n. Since
the z axis is assumed to be along the major
axis of anisotropy, n = T./T, > 1. Thus ihs
- A (8 TETSTTHUCATES the
mijorsaxis“ote anisotrépy > the other value lo-
cates the minor axis of anisotropy, the ¥ axis.

The quantities a, B, T., v’, v, w', B, By, By, -

and, consequently, a and b are known from ob-
servation. Successive solutions of (21), (22) or
(23), (19), (12), (13), (14), S = T./v’ or =
T/ v or = Ta/v and (K'/b) = T./B,”

¥
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or = T../By* or =T./BJ will produce values
for 8, n, T,, and then T,, To, T, Tos, S, and
(K’/b’), respectively.

PRrocZpuURES OF ANALYSIS

The procedurcs presented herein are for
analyzing data from pumping tests in leaky
aquifers. They are applicable step by step for
tests in nonleaky aquifers after the steps in-
volving the use of the leakage factor B’ are
dropped out.

The application of the isotropic methods on
each group of wells on a radial line will deter-
mine values of the parameters T,, v, and B’.
Let (To,. 0 BY), ( T-T:ggg_}‘_l_'_:_ :’_),_?-Eé_.('l.'m_‘.' )
be the values of these parameters obtained from
applying the isotropic method on the_first,
second, and third. group_of_ wells, respectively.
Theoretically, the relations T., = T = T.,
(w'/vw') = (BY/BY), (w/w) = (By/BJ),
and (w//B," = v//Bs* = v//B") should hold.
These equalities should be used as a guide when
applying the isotropic methods of analysis. If
these equalities are not at least approximately
satisfied, field conditions are not in agreement
with that assumed by theory and other vitiating
conditions must be present. If they are reason-
ably satisfied, the procedures of analysis are as
follows.

Known directions of anisotropy. Data from
two groups of wells, each being on a different
radial line, and the isotropic method of analy-
sis produce the values (7., v/, B3y) and (T,
vy, BY). The angles @ and 4 are known from
observation (Figure 1). These valucs and suc-
cessive computations in the following equations
produce average values of the formation con-
stants, namely, T., T,, S, and, in case of leaky
aquifers, K’/b’, the leakage coefficient.

a = 0.5((n'/v’) + (B\'/By')’]

for leaky aquifers

(24)

a = y'/vy for nonlenky aquifers
T- = O'E(Tﬂ + Td) (25)
T,=T,/T, (26)

Equation 20 is used for T,, and equation 12

and 13 are used for T, and T ...

MAHDI S. HANTUSH

S = 0.5((T,./) + (T,a/v")] @ |
K’/ = 0.55[('/B."") + vs'/By""] |

Unknown direction of anisotropy. The ue
of the isotropic method in conjunction with darg
from three groups of wells, each being on 3
different radial line (Figure 1) will yield the
values (Tolv Vl’n B\’)’ (Tnv Vl” ), and (T..
vs, BJ). The angles « and 8 are known frum
observation. The unknown principal directions
of anisotropy, as well as the unknown formatia
constants, are obtained from successive compu-
tations in the following relations:

Equation 24 is valid for a.
b = 0.5[("/v’) + (B)'/By)’]
for leaky aquifers
(%3
b= »'/v) for nonleaky aquifers

Equations 26, 12, 13, and 14 are valid for T,
Ra, Tn, and T...

T, = (1/3)(Tu + T+ Tu)
T, = T.nln

Equations 26, 12, 13, and 14 are valid for 7.
Ty Ta,and T...

S = (1/3T/w’) + (Ta/vd) + (T.,/v,&l”

K'/b = (1/3)8[(m’/B\"?) |
. + (”:'/Bz’:) + (VJI/B:I")]

When more than three groups of wells are
available for observation, the application of the
preceding analysis to each combination of three
will produce a sct of values for each of }bt
formation constants and directions of ams-
tropy. The average of cach set of values als
constant will be considered as the aveag
value of the corresponding formation cons:ast
For example, if four groups of wells are avik
able, there will be four combinations of three.
The application of the preceding analysis ¥
these combinations produces four values fof
the direction of anisotropy and four values fof

\30)

1

each of the constants. Theoretically, the fosf

values of each of the unknowns, thus deter I
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group 2

aobservation weit

Fig. 2. Location of three rays of observation
sells used in & pumping test in an anisotropic
kaky ayuifer.

mmed, should be the sume. In practice, four
Jifferent values of each unknown may be ob-
uined; they should not diffier greatly, however,
il field conditions approximate those called for
by theory. The average of the four determined
values for each constant will be taken as the
average value of the constant in question.

Ezample of computation. Figure 2 illustrates
the ivcation of three rays of observation wells in
8 leaky anisotropic aquifer. The principal di-
reetions of anisotropy are not known. The iso-
iupic methods of analysis in leaky aquifers
pruduced the following values: T, = 0.12 ftY/
wr, v’ = 1150 fL'/scc, B = 4800 ft, T,, =
0o ft*/see, v’ = G15 ft'/sce, By = 3450 f[t,
T.. = 0.09 {t*/sec, v’ = 510 ft"/sec, and By’ =
3260 ft.

The ratios v,/vy’ = 187 and (B,/By)* =
194 are approximately equal; so are the ratios
w/vd = 226 and (B//B,)* = 2.16, and the
tatios (v’/B,") = 5 x 10*, (v//B,") = 5.17 X
0%, and (vw//B,*) = 481 X 10 Also the
values of T'.. are approximately the same. Such
magnitudes of deviation may be due to obser-
vational errors as well as mechanical errors in
applying the isotropic method of analysis. Con-
*quently, avernge values of these ratios, as
shown in (24), (28), (22 or 23), (29), and (30),
vill be used in the analysis. Successive slide
riie computations yield the following values:
¢=19, 5 = 221, § ~ —=26°51" (locating the
mjor axis of anisotropy, since it gives n ~ 3.22

-

> 1), Ty =~ 0103 [13/see, T, = OUSTS {1/sec,

T, =~ 0.185 ft'/scc,i T,y = 0.127 [t'/sec, T, =

0.0665 fti/scc, Toe = 0.0575 [t'/sec, S = 1.1 X
10=, and| K/’ = 5.5 X 10" sec™. The trans-
missivity in any direction is then given by (5).

} (x/1 TH 3Tr’}

ING MA

Information that is obtained from applying
the isotropic methods of analysis is used in the
above procedures. To bring these procedures
to completion, the information supplied by the
isotropic methods should include values of T,
and v {rom tests in nonleaky aquifers and val-
ues of T, and v and/or B’ from tests in leaky
aquifers. Not all isotropic methods furnish such
information, however. For example, the Thiem
method, the Theis recovery method, the Skib-
itzke bailer method, and the Ferris siug method
furnish values [see for example Jacob, 1950;
Todd, 1959, [lantush, 1964; De Wiest, 1965]
for T, = (T.T,)"* only. Consequently, such
methods do not supply enough information for
the procedures presented above to be of use in
solving even for T, aud T,. A procedure in
which data from tests in anisotropic aquifers are
used and in which the number of observation
wells is large enough to delineate the expected
elliptical shape of an equal drawdown (or resid-
ual drawdown) curve is reserved for a subse-
quent paper. This procedure can be used where
the present procedure fails to produce 2 solu-
tion for T, and T,.
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APPENDIX I

WATER QUALITY ANALYSES



PRFORM

[
I nC. 1602 CLARE AVENUE . WEST PALM BEACH, FL 33401 . 305/833-7280 ]

PRIMARY ANALYSIS REFORT

ALSAY INCORPORATED

CLIENT NAME AND ADDRESS

P O BOX 6650

LAKE WORTH, FLORIDA 33440

19777

SAMPLE NUMBER

02-11-86 CLIENT

DATE/TIME COLLECTED /BY

02-11-86 1520

DATE/TIME RECEIVED

WEST CDAST WATER SUPPLY LOCATION

PARAMETER STORET_NO.__DATE BY _NER_ RESULT, mg/L
ARSENIC 01002 03-03 MD 57-318 0.007
BARIUM 01007 02-27 MD S7-316 0.148
CADMIUM 01027 02-27 MD 57-317 <0.001
CHROMIUM 01034 03-05 MD 57-319 <0.005
LEAD 01051 03-01 MD 57-317 0.006
MERCURY 71900 03-04 MD 57-318 <0.0002
SELENIUM 01147 03-03 MD 57-318 0.004
SILVER 01077 02-27 MD 57-316 0.002
FLUORIDE 009351 02-15 MD S57-311 <0.20
NITRATE-N 00630 02-20 BM S50-451 0.005
SODIUM 009229 03-07 MD 57-320 13.8

DATE 04-08-84

ID 86122

GEO




GEO !iga i nC. 1602 CLARE AVENUE . WEST PALM BEACH, FL 33401 o305/833-7286 ]

SFORM SECONDARY ANALYS1S REPORT

ALSAY INCORPORATED ~ CLIENT NAME AND ADDRESS

P O BOX 6650

LAKE WORTH, FLORIDA 33460

19777 SAMPLE NUMBER

02-11-86 CLIENT 02-11-86 1520 DATE TIME COLLECTED BY; RECEIVED

WEST COAST WATER SUPPLY LOCATION
PARAMETER STORET NO. DATE BY NBR RESULT mg/L
ALKALINITY 00410 02-12 MD S57-309 210.0
CALCIUM 00916 03-07 MD S57-320 86.8
CHLORIDE 00940 02-13 BM 62-99 10.4
COLOR 00081 | 02-11 CM 43-249 15
COPPER 01042 03-10 MD S57-322  <0.005
CORROSIVITY : .31
FOAMING AGENTS 382560 - 02-12 TM 64-13 46
IRON 01045 03-10 MD 57-321 0.158
MAGNESIUM 00927 03-07 MD S57-321 6.78
MANGANESE 01055 03-10 MD 57-321 0.009
ODOR 00085 02-11 CM 43-249 1

pH 00400 02-12 MD S7-314 7.48
SODIUM 00929 03-07 MD 57-320 13.8
SULFATE 00945 02-19 MD S57-314 <5.0
FILTERABLE RESIDUE 70300 02-21 CM 43-254 252
TOTAL HARDNESS 00900 ;; 244.7
ZINC 01092 03-06 MD 57-320 <0.10
DATE 04-08-86 BY él h{

LAB ID 86122 —(' S

GEO

o



| GEO I i gg i nC. 1602 CLARE AVENUE . WEST PALM BEACH, FL 33401. 305/833-7280 —)

CFORM ' FRIMARY ORGANICS

ALSAY INCORPORATED v CLIENT NAME AND ADDRESS

P O BOX 6450

LAKE WORTH, FLORIDA 33460

19777 SAMPLE NUMBER
02-11-86 CLIENT DATE/TIME COLLECTED BY
02-11-86 1520 DATE/TIME RECEIVED BY
WEST COAST WATER SUPPLY LOCATION

PARAMETER STORET_NO. RESULTS. mg/L
ENDRIN 39390 <0.00005

L INDANE 39782 <0.00005
METHOXYCHLOR 39480 <0.0001
TOXAPHENE 39400 ’ <0.0005

2,4-D <0.0001
2,4,5-TP 39760 <0.00001

METHOD FOR ORGANOCHLORINE PESTICIDES IN INDUSTRIAL EFFLUENTS.
EPA 1973

METHOD FOR CHLORINATED PHENOXY ACID HERBICIDES IN INDUSTRIAL
EFFLUENTS, EPA 1973

DATE 04-08-26 BY

LAB ID 86109

-

[GEO




2535 LANDMARK DRIVE, SUITE 211 CLEARWATER, FL. 33519
Clearwater (813) 796-2355 . Tampa (813) 223-9343

BOARD OF.DIRECTORS

CHARLES E. RAINEY
CURTIS L. LAW

JAN K. PLATT

MIKE SALMON

JW. CATE, JR.
WILLIAM C. MAYTUM

GENERAL MANAGER

GENE HEATH

SUMMARY OF WATER QUALITY ANALYSES
PERFORMED ON WATER SAMPLES
COLLECTED DURING THE
DRILLING OF THE DEEP MONITOR WELL
LOCATED 500 FEET FROM CYPRESS BRIDGE
TEST PRODUCTION WELL 1A

DATE DEPTH Cl S04 TDS CONDUCTIVITY

4/02/86 660" 10.4 <1 213 300
4/03/86 660' 10.4 <1 210 300

WP:C/BRIDGE/ANALYSES/2



2535 LANDMARK DRIVE, SUITE 211 CLEARWATER, FL. 33519
Clearwater (813) 796-2355 . Tampa (813) 223-9343

BOARD OR DIRECTORS

CHARLES E. RAINEY
CURTIS L. LAW

JAN K. PLATT

MIKE SALMON

J.W. CATE, JR.
WILLIAM C. MAYTUM

GENERAL MANAGER

GENE HEATH

SUMMARY OF WATER QUALITY ANALYSES
PERFORMED ON WATER SAMPLES
COLLECTED DURING THE
DRILLING OF THE DEEP MONITOR WELL
LOCATED 200 FEET FROM CYPRESS BRIDGE
TEST PRODUCTION WELL 1A

TOTAL CALCIUM
DATE DEPTH Cl S04 TDS CONDUCTIVITY ALKALINITY HARDNESS HARDNESS

4/14/86 168" 12.0 <1 193 310
4/15/86 260' 10.4 <1 167 250
4/15/86 350 11.4 <1 185 300
4/15/86 420! 9.9 <1 203 320
4/15/86 514' 11.4 <1 202 310
4/16/86 609' 6.2 <1 214 300
4/17/86 700! 9.9 <1 218 300
4/18/86 700° 9.9 12 211 300 173 161 157

After

16

hours R

WP:C/BRIDGE/ANALYSES



2535 LANDMARK DRIVE, SUITE 211 CLEARWATER, FL. 33519
Clearwater (813) 796-2355 . Tampa (813) 223-9343

BOARD OF DIRECTORS

. CHARLES E. RAINEY
CURTIS L. LAW

JAN K. PLATT

MIKE SALMON

JW. CATE. JR.
WILLIAM C. MAYTUM

GENERAL MANAGER

GENE HEATH

SUMMARY OF WATER QUALITY ANALYSES
PERFORMED ON WATER SAMPLES
COLLECTED DURING THE
DRILLING OF CYPRESS BRIDGE TEST
PRODUCTION WELL 1A

DATE DEPTH Ccl S04 TDS FE CONDUCTIVITY
4/18/86 145! 10.9 17 497 - 1900
4/22/86 176' 12.0 <1 157 - 200
4/23/86 268 10.9 <1 217 - 200
4/23/86 356' 9.4 <1 207 0.01 300
4/24/86 450 10.9 <1 207 0.01 300
4/25/86 540' 10.9 10 205 0.03 300
4/29/86 635' 9.4 <1 202 0.02 300 -
4/29/86 696" 10.4 <1 203 <0.01 300

WP:C/BRIDGE/ANALYSES/4



2535 LANDMARK DRIVE, SUITE 211 CLEARWATER, FL. 33519
Clearwater (813) 796-2355 . Tampa (813) 223-9343 ‘

BOARD OF.DIRECTORS

CHARLES E. RAINEY
CURTIS L. LAW

JAN K. PLATT

MIKE SALMON

JW. CATE, JR.
WILLIAM C. MAYTUM

GENERAL MANAGER

GENE HEATH

SUMMARY OF WATER QUALITY ANALYSES
PERFORMED ON WATER SAMPLES
COLLECTED DURING THE

DRILLING OF THE DEEP MONITOR WELL
LOCATED 1950 FEET FROM CYPRESS BRIDGE
TEST PRODUCTION WELL 1A

DATE DEPTH Cl S04 TDS FE CONDUCTIVITY

5/21/86 183' 10.7 <1 162 <0.01 220
5/22/86 273' 10.2 <1 94 <0.01 120
5/22/86 366' 10.7 <1 105 <0.01 150
5/22/86 424' 15.3 <1 187 <0.01 250
5/22/86 463' 10.2 <1 116 <0.01 122
5/23/86 553' 10.2 <1 209 <0.01 325
5/23/86 616" 10.2 <1 133 <0.01 220
5/23/86 705' 11.7 <1 164 <0.01 290

WP:C/BRIDGE/ANALYSES/3



2535 LANDMARK DRIVE, SUITE 211 CLEARWATER, FL. 33519
Clearwater (813) 796-2355 - Tampa (813) 223-9343

BOARD OF DIRECTORS

CHARLES E. RAINEY
CURTIS L. LAW

JAN K. PLATT

MIKE SALMON

J.W. CATE, JR.
WILLIAM C. MAYTUM

GENERAL MANAGER

GENE HEATH

SUMMARY OF WATER QUALITY ANALYSES
ON PUMP TEST SAMPLES FROM THE
CYPRESS BRIDGE TEST PRODUCTION WELL 1A

DATE HOURS PUMPED Cl S04 TDS  HoS CONDUCTIVITY

6/17/86 12 hr 114 <1 224 0.02 330
6/18/86 36 hr 10.9 <1 216 0.02 330
6/19/86 60 hr 10.9 <1 220 0.01 340
6/20/86 84 hr 10.9 1 202 0.02 340
6/21/86 108 hr 10.9 1 212 0.01 330
6/22/86 132 hr 10.4 1 220 0.02 330

WP:C/BRIDGE/ANALYSES/5



~—~FRESULTS OF

HEET COAST

ANALYSIS OF INOREANID CHEWICAL CONSTITUENTS GF CYSRESS

REGIONAL 4ATER SUPPLY AUTHDORITY LABORATORY DHRS #34043

8LL REGULTS ARE ISTED IN {amg/i} UNLESS JTHERWISE STATED

BRIDGE TEST PRGDUCTION RELL A

DATc OF THIS REPORT: g-LEL-3b §1 iz $3 & 33
SOMPLE NAMES CYPTiE 372 4RS CYPTIA 2143 HRZ
GATE SANPLED: ch-JuN-86 3-Jik-8¢
TIHE SAMPLED: 113§
COLLECTED BY: SBR/KKL SBR/EYL
DATE ANALYZED: 20-JUN-25 23-JLil-85
ANALYZED BY: Y3t B3
STORETE
\\\?REKFRY INORGANIC CHEMICALS: EPH HETHODE HCL
ARJENIL {2 .95
2Nk, E
HELA I3 i o7
20d.2
JRbEIUR - 1SN
213.2
CrRROMELH 1534 0,03
£18,1
LEAL 165! .03
23%.e - ‘
YERCLRY 00 0,042
g4a.f
HITRATE se0 1¢ ¢.GE
352.1
SELENTLM 1147 ¢.01
aTi.8
SiLVER 1077 0.3 3.005 {3,002
2.2 _
FLUDRIGE 73t 1.4-2.% (- SR 0.2
340.2
TURBIDITY {NTL Th 3.0 . v b.aRe 0,28
N4 -
STORETH
SECONDARY INGRGAKIC CHEMICALS: EPA NETHOD® HEL
TOTAL ALKALINITY 410 169 178
S.M.403
CaLCIum %14 49.40 73.58
CALCULATED
CALCIuM 214 135
213.2
CHLORIDE %40 250.0 10.9 i1.4
S.A.407-4
CoLOR (P.C.UL) 80 15,0 3.0 3.0
§.K.204-A
COPPER 1042 1.0 {0.002 {0,001
226.2
BCL: MAXIMUM CONTAMINANT LEVEL

West Coast Regionai
Water Supply Authority

2538 Landmark Drive, Suite 211

Clearwater, Florida

33519

Clearwater (813) 796~ 2355

Tampa (813) 223-9343



WEST COAST RESIONAL WATER SUPPLY AUTHORITY LABORATORY DHRS #3443
~ PESULTS OF AMALYSIS GF INCRGANIC CHEMICAL CONSTITUENTS OF CYPRESE BRIDGE TEST PRODUCTION WELL 12

“ALL RESLLTS ARE LISTZD IN lagsl) UHLESS OTHERMISE STATED

JATE GF THI3 REPORT: R-DEC-36 #1 42 $i 5
SAMPLE NAME: CYFTEA 573 HRS  CVFTIA $143 MRS
DATE SANPLED: 20-JUk-24 33-Ji%-36
TINE SAMPLED: 1538 4930
COLLECTED BY: SBR/KKL SBR/KEL
DATE ANALYZED: 20-JiN-26 23-JUN-55
ANALYZED BY: KJT kit
“. COIRCSIVITY {LANBELIER) 99413 HONE {¢,19) i1
> CALCHLATED
FOAHING 4BENTS (MBA) 38240 3.5
5.M.518-4
SPRIETK SHLTINE L L
3.%,527-0
145 713 0,04
23,2
FRGHES TN 8,43
CALCULATED
MARNESTUN 7.5
242.1
MANBANESE 1055 .05 9.003 0,006
243.2 .
DGR (THRESHOLD: B N
0.1
pif ' 403 .5 7.5 7.5
15,1
SO0 UM 989 180.9 2k
213.2 :
SULFRATE _ 945 BSG.0 . {1
375.4
T.5.5. 0300 - 560,90 211 - 207
§.4.309-6 o
TGTAL HARDNESS o 1T 159
§.1.314-B ' L
JINS 1092 5.0 {5,003 0,011
£9%.2
CARBONATE ALKALINITY CALCULATED
BICAREONATE ALKALINITY CALCHLATED 169 178
CARBUNATE HARDNESS COLCULATED 149 17§
NON-CARBONATE HARDNESS CALCULATED 7.00 11,00
CALCIUM HARDMESS CALCULATED 174 184
MABNESIUM HARDNESS CALCULATED 2.00 5,90
CONDUCTIVITY (umhos/ca! 330 330

HCL:  MAXIMUM CONTAMINANT LEVEL

West Coast Regional
Water Supply Authority

Clearwater {813) 798~ 2355
Tempa (813) 223-9343

28535 Landmark Drive, Suite 211
Clegrwater, Florida 33519



WEST COAST REGIONAL WATER SUPPLY AUTHORITY LABORATORY DHRE #3404
SESULTS OF 4NALYSIS OF GReANIC CONSTITUENTS OF DYPRESS 3RIDGE TEST PRODUCTICH wtll (s
ALL RESULTS ARE LISTED IM {ug/li UNLESS OTHERWISE STATED

GATE GF THIS REPORT: 0g-alUs-ge &
SANFLE NANE: YPTEA 373 HRS
DATE SAMPLEE: 20-7UH-36

TIHE SAKPLED: 1134
CBLLECTED B

BATE ANALYZED:
HHALYZED BY:

BAYRIAELIE STORETS
EFA HETHZDS i
Er ] e 53
801
EROMOFCRM azigs {0 T
&1
CHLORGFORH 32106 0.6 i
_ ‘ 401 .
[ 1BRGHOCHL OROME THANE 32103 0.4 Gl
¢ 601
RETHYLENE CHLJRIDE 24423 {1.0 1.0
- H
GATE OF YHIS REPORT: 05-ALE-B6 - §t ¥ i &
| GANPLE NANE: -  CVPTIA @7G ARS8 CYPTIA 3133 HRS
DATE SANPLED: 20-3UN-86 23-JUN-84
TIME SAMPLED: 13 2940
CCLLEGTED BY: T BBR/KKL SBR/KKL
DATE ANALYZED; 25-Juh-84 2h- JUN-§4
ANALYZED BY: Kit - B X
PURGEABLES:: BTORETY
EPA HETHOD® HCL
ETHYLBENZENE 3437t 1.1 {1.9
602
TOLUENE 36019 (1.2 1.2
562
CHLORDBEMZENE 34361 (1.é 1.5
bo2
1,4-DIEHLOROBENZENE 343N 0.3 0.3
662
1,3-DICHLORGRENZENE 34566 {0.8 0.4
402
1,2-DICHLOROBENZENRE 34338 0.3 {¢.3
502
West Coast Regional 2535 Landmark Drive, Suite 211 Clesrwater (813) 796~ 2355

Water Supply Authority Clearwater, Fiorida 33519 Tempa (813} 223=9343



)
1 YEST COAST REGIONAL WATER SUPPLY AYTHGRITY LARORETORY DHRI #3adel

SESULTS OF 2NALYSIS OF ORBANIC CONETITUEHTS OF TYPRESS sNigst TET 8
ALl RESULTS ARE LISTED IM {ug/Y: LMLESS DTHERHISE STATED
GATE OF THIS REFIRT: (9-316-86 31 &2
SANPLE HAHE: SYPTE 377 HRE CVRTIA 3141 R
BoTE SAMPLED: 20-1:K-86 g g
TINE SEMPLED: 1130
COLLECTED BY:
DATE ANAL+IZDy
ANALYZED EY:
PUTEEAELES STIRET:
Ph wETHTDE HLL

5
3475 3 @2 k:
591
32162 2 @.3 2.7
01
VINYL CHLERIDE 9175 ! b .
501
1,1, TRECHLGRIETHANE 5% 200 (63 1.3
b0t
£ E-DITHLARSETHANE 36531 3 0.5 :
01
ETHYLENE JIBREMIDE 765t 0,02 0.0 v
BHRS .
DATE OF THIS REEORT: 08-AUG-86 H % 5 N
SANPLE NAWE: CYPTIA 372 HRS  CYPTIA D143 HRS
DATE SANPLED: - 20-3UN-85 23-Ti-84
TIME SANPLED: 130 2906
COLLECTED BY: SBR/KKL SBR/ 4L
DATE ANALYZED: 26-JUN-86 B4~ li-36
ANALYZED BY: &h 43 ‘
PURSEABLES : STORET#
EPA METHODA MCL
BENZENE 34030 ! (.2 (e

402

West Coast Regional
Water Supply Authority

2535 Landmark Drive, Suite 211 '
Clesarwater, Florids

33519

Clearwater (813) 796~ 2355

Tampa (813) 223-9343



WEST COAST REGIONAL WATER SUPPLY AUTHORITY LABURATDRY DHRS #54043

T 'JS OF ANALYSIS OF ORGANIC CONSTITUENTS OF CYPRESS BRIDSE TEST PRODUCTION WELL 1A

ALL RESULTS ARE LISTED IN (ug/D) UNLESS OTHERMISE STATED

DATE OF THIS REPORT: 08-AUG-B4 #l L 1 13 % 1
SANPLE NAME: LYPTIA 973 HRS  CYPTIA 9143 HRS
DATE SAMPLED: 20-JUuN-Bb 23-JUN-B4
TINE SAMPLED: 1130 0900
COLLECTED BY: SBR/KKL SBR/KKL
DATE EXTRACTED: 24-JUN-85 24-JUN-86
DATE ANALYZED: 07-JUL-B6 01-JUL-Bb
ANALYZED BY: 3 ‘,r-.f;.KJt e I_(JC
BASE NEUTRAL STBRETI....E,_' oot s
EXTRACTABLES:: EPA NETHOD4 L
HEXACHLORUBUTADIENE 339 (5._0 {5.0
412 .
HEXACHLOGRDE THANE 343% {3.0 - {5.0
' R 11
HEXACHLORDCYCLDPENTADIENE 34384 £200.0 . {200.0
e -
1,2,4-TRICHLOROBENZENE 34551 {20.0 _ {20.0
812 -
MCL: MAXIMUN CONTAMINANT LEVEL
Wes! Coast Regional 2535 Landmark Drive, Sulte 211 Clearwater (813) 796~ 2355
Water Supply Authority Cloarwater, Fiorida 33519 Tempa (813) 223-9343



- WEST COAST REGIONAL WATER SUPPLY AUTHORITY LABORATORY DHRS #34043

RF 5 OF ANALYSIS OF ORGANIC CONSTITUENTS OF CYPRESS BRIDSE TEST PRODUCTION MELL fA

ALL RESULTS ARE LISTED IN (ug/1) UNLESS OTHERWISE STATED

DATE OF THIS REPORT: 08-AUS-84 # ® 3 # 5
SANPLE NAME: CYPTIA 973 HRS  CYPTIA 9143 HRS
DATE SANPLED: 20-JUN-8¢ 23-JUN-B6
TINE SAMPLED: 1130 0900
COLLECTED BY: SBR/KKL SBR/KKL
DATE EXTRACTED: 24-JUN-86 24-JUN-B6
DATE ANALYZED: 0b-AUS-B6 31-JUL-B6
ANALYZED BY: “KIE T LK
PESTICIDES: STORETE - -
EPA NETHODE ML
ALDRIN 39330 2407 0.7
608 !
A-BHC 39337 (0.6 0.4
' 608
B-BHC 39338 {1.3 {1.3
508 -
6-BHE 29360 ¢0.5 <0.5
408
)} 39259 {0.5 €0.5
508 - :
CHLORDANE 9350 - (1.0 {1.0
508
4,4-000 39319 3.1 (3.1
508
%,4-DDE 39320 {1.3 1.3
408
4,4-DDT 39300 0.2 0.2
08
DIELDRIN 39380 1.5 1.5
508
ENDOSULFAN 1 34351 0.2 <0.2
408
ENDOSULFAN 11 34356 a.! 3.1
408 -
ENDOSULFAN SULFATE 34354 @.0 (2.0
608
ENDRIN ALDEHYDE 34366 (1.1 1.1
608
HEPTACHLOR 39410 {0.7 0,7
808
HEPTACHLOR EPOYIDE 39420 .2 .2
408

MCL: MAXINUM CONTAMINANT LEVEL

West Coast Regional
Water Supply Authority

2535 Landmark Drive, Suite 211

Clearwater, Fiorida

33519

Clearwater (813) 796~ 2355
Tempa (813) 223~-9343



2535 LANDMARK DRIVE, SUITE 211 . CLEARWATER, FL. 33519
Clearwater (813) 796-2355 . Tampa (813) 223-9343

BOARD OF DIRECTORS

CHARLES E. RAINEY
CURTIS L. LAW

JAN K. PLATT

MIKE SALMON

JW. CATE, JR.
WILLIAM C. MAYTUM

GENERAL MANAGER

GENE HEATH

Sample: Cypress Bridge Test Production Well 1A
After 143 Hours Pumping
Collected June 23, 1986
At 0930 by Susan B. Reinhardt

Gross Alpha Gross Beta
(pCi/1) (pCi/1)
3.7+43.2 <4.0

This analysis was performed by Environmental Science and Engineering
FDHRS 1D#82138.

WP:C/BRIDGE/ANALYSES/6



ENVIRONMENTAL SCIENCE AND ENGINEERING, INC. DATE:07/17/86
PROJECT MANAGER: JOSEPH J. VONDRICK

WEST COAST REG'L UTILITIES

/ ‘\ : ALPHA, ALPHA, BETA, BETA,
GROSS GR, CT. GROSS GR, CT.
ERROR ' ERROR
PC/L "PC/L PC/L PC/L
FLD.GRP. # SAMPLE ID DATE  TIME
WCRU-3 1 CYPTI 06/23/86 09:30 4.50 2.90 <4.0 NA
WCRU-3 2 CYPT1 06/23/86 09:30 5.40 3.50 <4.0 " NA
\;‘, ______________________________ - S e U S A —— S Y = i s S S T N P D S NS s S S S ———
WCRU-3 3 CC 06/23/86 09:30 <3.00 NA <4.0 NA

CMerl « CYPress -Gfl'o(,g‘
Preoowenoldy TEST ¥



< - 1148 BAST CASS STREAT |
TWX 810 8760134 . TAMPA, FLORIDA 33601 - 2600 TELEPHONE (813) 223-9702
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Attn: S. Reinhardt

System Name CYPTI
- Date & Time Received 6-23-86/09:30 am
pate & Time Colledted 6~23-86/10:30
Oollector SBR/KKL
DRINKING WATER CHEMICAL ANALYSIS
Laboratory ID #84147
PRIMARY STANDABDS

__ PARAMETER  iCL(a) RESUID(L)  PARBUETER UL {a) PSS s
INORGANICS ORGARICS
Arsenic (As) 0,05 <0.005 Endicin 0.C00Z < o4’fﬁbf,fL
Bariwu (Da) 1.0 <0.03 Linaane 0.004 < 0.0
“acdiiiu. (Co) 0.01 C.Go2 iethoxycnior 0.1 < G.GUs
~Chromiua (Cr) 0.05 <0, 005 Toxaphene 0.U05 < Gatde
Leac (PL) (.G g.42 2,4-D C.lt < Ueisn
lercury (iic) 0,0G2 <C. 6062 2,4,51P .01 < O.Cei
hitiacs (M) 10 .02
Seronia: {8e) 0.01 <G.0C5
Siaver (Ag) 0.C5 <0.0605
soaiw, (M) 160G 4.1
Fiucrice (F) 1.6 0.12
Turbidity (1%U) 1 0.14

analysis accoraing to approved nethods listed in Chapter 17-2z.
(a) Quality Standards, Chapter 17-22.104 F.A.C.
(b) All results are expressed as mg/L except as noted

THORNION LABORNTORIES, INC.
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THORNT LAB TPA MARINE, ANALYTICAL AND ENVIRONMENTAL SERVICES P.0. BOX 2680
July 22, 1986

Laboratory Number 640611 .
For West Coast Regional Water Supply Authority

2535 Landmark Dr. Suite 211

Clearwater, FL 33519 -+

Attn: S. Reinharat
Date & Time Received 6-23~86/09:30 am
m & Time Oolledted 6~23-86/10:30

ector SBR/KKL
DRINKING WATER CHEMICAL ANALYSIS
wabcratory 1D %54147
SECONDARY. STANDARDG
___ BARKUETER NCL(e)  DESIET (D) PARAIRTIR P ST ()
Calciuwn (Ca) —_— 56 QURROSIVITY
Cnlorice (C1) <56 8.1 Total Hardnese(c) — iel
Color (Pt—Co Uniis) 15 5 Teces sdkaiimey {¢) = 172
wper (Cu) 1 <(.CCH e CLE. () ——- ¢

coandng Agen:ts 6,5 (.02 Liciionate (HQCs) — ~10
Hyurogen Sulxiuc ——— Lo Coclon cioniue (Q0p) = L
Iron (Fe) C.3 a7 Decorionate (C) -— 172
Eagnesium (Mg) - 2.5 Curbaunace(c) —_— ==
Manganeee () 0.05 0.00s Lyuroxice(C) — ~(-
Ocor {Threstold Unite) o -(=- PEL Vil — 7.3
pH Value 6.5 Min. 7.b Cavuration Inces o HI
Suliate (S04) 250 el <l U5
Total Disscived Soiiwce 500 212 Staoliity Inces —— 6.2
Zinc (2n) 5 U.Clz interpretations Cecle Foimang

Analysis accoraing to approvec methoas listed in Chapter 17-22.
(a) Quality Standaras, Chapter 17-22.104 F.A.C.
{b) All results are expressed as mg/L except as noted
(c) Results expressed as ma/L CaC0s3 '
THORNTON LABORATORIES, INC.
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GLOSSARY OF TERMS

Anhydrite. An evaporite mineral, CaSO4, found in sedimentary rocks
associated with gypsum.

Anisotropy. The condition under which one or more of the hydraulic
properties of an aquifer vary according to the direction of flow.

Annular Space (Annulus). The space between casing or well screen and the
wall of the drilled hole or between drill pipe and casing.

Aquifer. Rock or sediment in a formation, group of formations, or part of
a formation which is saturated and sufficiently permeable to transmit
economic quantities of water to wells and springs.

Aquifer, artesian. An aquifer that is overlain by a confining bed. The
confining bed has a significantly lower hydraulic conductivity than the
aquifer. Also called a confined aquifer.

Bore Hole. An uncased drilled hole

Confining Unit. A body of material of low hydraulic conductivity that is
stratigraphically adjacent to one or more aquifers. It may lie above or
below the aquifer. Also called a confining bed.

Connate Water. Water that was deposited simultaneously with the geologic
formation in which it is contained.

Cone of Depression. The depression, approximately conical in shape, that
is formed in a water-table or potentiometric surface when water is removed

from an aquifer at a well.
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Coquina Zone. A zone within the subsurface in which sand and small shell
fragments are the dominant constituents.

Consumptive Use. That part of the water withdrawn that is no longer
available because it has been either evaporated, transpired, incorporated
into products and crops, or otherwise removed from the immediate water

environment.

Cuttings. Subsurface material which has been returned to the surface
during drilling operations as grains or fragments.

Diffusivity. A property of an aquifer or confining bed defined as the
ratio of the transmissivity to the storativity.

Discharge Pipe. Pipe which transports cuttings, drilling mud or water away
from the bore hole during drilling operations or during testing phases.

Drawdown. A lowering of the water table of an unconfined aquifer or the
potentiometric surface of a confined aquifer caused by pumping of
groundwater from wells.

Dry Well. A bore hole or well that does not extend into the zone of
saturation.

Evapotranspiration. The sum of evaporation plus transpiration by plants.

Foram (foraminifera). A benthonic or planktonic form of Protazoa usually
with a calcareous test in which there is considerable morphologic

variation.
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Gravel Pack. Graded material placed directly around a well screen in order
to prohibit the clogging of the screen by formation material to insure an
adequate hydraulic connection between the water producing formation and the
well.

Groundwater. The water contained in interconnected pores located below the
water table in an unconfined aquifer or located in a confined aquifer. The
water that enters wells and issues from springs.

Grout. Cement which is placed between the well casing and the wall of the
drilled bore hole for sealing purposes. A small percentage of bentonite is
often added to reduce shrinkage and cracking upon drying.

Gypsum. An evaporite mineral, Casoq.znzo, found in clays and limestones;
sometimes associated with sulphur.

Heterogeneous. Pertaining to a substance having different characteristics
in different locations. A synonym is nonuniform.

Homogeneous. Pertaining to a substance having identical characteristics
everywhere. A synonym is uniform.

Hydraulic Conductivity. A coefficient of proportionality describing the
rate at which water can move through a permeable medium.

Isotropy. The condition in which hydraulic properties of the aquifer are
equal in all directions.

Leakance Coefficient. The rate of flow that crosses a unit area of the
interface between the main aquiifer and its semiconfining bed if the
difference between the head in the main aquifer and the source supplying
leakage is unity.
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Manometer. A narrow, vertical tube located near the orifice on the
discharge pipe. The manometer measures the hydraulic head of water in the
discharge pipe as a function of pumping rate and size of the orifice.

Monitor(ing) Well. A well used to observe the elevation of the water table
or- the potentiometric surface. An observation well is generally of larger
diameter than a piezometer and typically is screened or slotted throughout
the thickness of the aquifer. Water quality samples may also be obtained.

Mud Pit. A steel-lined pit used to contain the mixture of drilling mud,
water and cuttings which are brought to the surface during drilling
operations. Mud pits are used to guard against bacterial contamination of
the well during drilling processes.

Mud Rotary Drilling Methods. A method of drilling in which bentonite or
other additives is used to create a drilling fluid of a viscosity to
circulate cuttings to the surface at the same time it lubricates the drill
bit and seals (coats) the bore hole.

Orifice. A machined plate of an exact diameter size which is attached to
the open end of a discharge pipe. The diameter of the orifice and the
discharge pipe in combination with a specific manometer reading can be used
to measure the discharge from a well.

Permeability (k). A property of a rock or medium which describes ease with
which water is transported.

Potable Water Supply. Water of a quality which is fit for human
consumption. Potable water quality standards are dictated by government
requlations.
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Potentiometric Surface. A surface that represents the level to which water
will rise in tightly cased wells. If the head varies significantly with
depth in the aquifer, then there may be more than one potentiometric
surface. The water table is a particular potentiometric surface for an

unconfined aquifer.

Production Well. A well which is constructed with the intent of providing
specific quantities of water for water supply purposes.

Reverse Air Drilling Method. A drilling method in which compressed air and
formation waters are used to circulate cuttings to the surface through the
drill stem. This method does not require the use of clay additives to the
bore hole water.

Shelby Tube. A thin wall tube sampler secured to a head containing a ball
check valve. The head is threaded to receive standard drill rods. The
Shelby tube is used to obtain an undisturbed formation sample immediately
below the bottom of the bore hole.

Solution Zone. A zone within carbonate rock which has been dissolved
leaving voids capable of supplying significant quantities of groundwater.

Specific Capacity. An expression of the productivity of a well, obtained
by dividing the rate of discharge of water from the well by the drawdown of
the water level in the well. Specific capacity should be described on the
basis of the number of hours of pumping prior to the time the drawdown
measurement is made. It will generally decrease with time as the drawdown

increases.

staff Gage. A measuring stick similar to a yard stick used to monitor the
change in surface water level.
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Storage Coeff;cient (8), dimensionless. The volume of water an aquifer
released from or takes into storage per unit surface area of the aquifer
per unit change in head. ‘

Totalizing Flow Meter. A meter which measures the accumulated discharge of
water through a pipe.

Transmissivity (T). The rate at which water is transmitted through a unit
width of an aquifer or confining bed under a unit hydraulic gradient. It
is a function of properties of the liquid, the porous media, and the
thickness of the poroﬁs media.

Vibrated Casing. A method of installing casing in which the casing is
actually vibrated into the substratum instead of first drilling a hole and
inserting the casing.

Well Loss. A loss in water head during pumping which is related to the
presence or the design of the well. a
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