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RESUME

This memorandum is intended as a progress report on the Norfolk, Va.
fresh-water injection project; it is not intended as a scientific paper.
Additional geologic and hydrologic data are still being analyzed and will
be reported on at a later date. The findings to date are:

1. A test hole was drilled to a depth of 2,587 feet. Analysis
of the data obtained from the test well indicates no fresh
water below a depth of 100 feet.

2. A sand that is geologically and hydrologically suited to
accept injected fresh water is present between 900 and
1,000 feet below land surface.

(a). the sand lies between confining beds of clay that will
allow the injected water to be contained and traced
laterally.

(b). the formation water in the sand has a moderate chloride
content (approximately 1,000 ppm).

(c). the sand is thick enough to hold the volume of water
required to supply the city of Norfolk over a consid-
erable period of time.

3. The quality of the formation water in the sand from 900
to 1,000 feet and the quality of the injection water will
be compatible and probably not cause chemical precipitates
providing the following precautions are taken:

(a). all chlorine is removed from the injection water.

(b). the injection water is degassed before injection.

(c). the injection water has no turbidity.

(d). the calcium concentration in the injection water is
less than 30 ppm.

(e). the pH of the injected water is very nearly the pH
of the formation water.

4. TFiberglass reinforced epoxy casing and stainless steel
screen that is not subject to stress corrosion cracking
should be used for construction of the injection well.

5. Fiberglass reinforced epoxy casing and saw-cut slotted

epoxy screen should be used for the. observation wells.
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INTRODUCTION

Purpose and Scope of Report

In the summer of 1967, at the invitation of the city of Norfolk, Va.,
an agreement was reached between that city and the U. S. Geological Survey
to explore the feasibility of the storage and retrieval of fresh surface
water after it has been injected in an aquifer containing saline water.

The city of Norfolk is interested in finding an additional source
of about 10 million gallons of water per day to support water demands
during times of peak use, especially in the months of July, August, and
September. The city decided to cooperate in an experimental project with
the U. S. Geological Survey to explore the possibilities of storing excess
water from the Moore's Bridge Filter Plant underground in sands that now
contain brackish water and later pumping the injected water from the sand
before committing itself to a surface reservoir-pipe line system in which
several undesirable features would be inherent.

The interest of the U. S. Geological Survey in this project is sev-
eralfold: (a) to determine the geology and hydrology of the aquifers
in the Norfolk area; (b) to determine the geochemical and hydrologic
problems that may arise from mixing saline and fresh waters; and (c)
to determine the economic aspects of underground storage versus surface
reservoirs,

It is estimated that the investigation will require at least three
years. About two years are needed for construction of the injection and
observation well system and one year for observing geochemical and hydro-
logic reactions during the injection and withdrawal of water.

This memorandum report presents the results of the initial test
drilling that was done to determine the local geology, hydrology, and
quality of water,

'DRILLING OF TEST WELL 1 (TW-1)

A conventional rotary drilling rig was used to drill the initial
test hole, TW-1, at Moore's Bridge Filter Plant, Norfolk, Virginia (see
figure 1). The drilling started September 14, 1967. A 20-inch hole was
drilled to 81 feet and 1l6-inch surface casing set and cemented. A 9-5/8
inch hole was drilled to 876 feet at which depth the hole diameter was
reduced to 8-5/8 inches and continued at that diameter to total depth of
2,587 feet.



Drill cuttings were collected approximately every ten feet or at
ma jor lithologic changes. To insure samples that were representative
of the section being drilled, the drilling fluid was circulated a suf-
ficient length of time to allow the cuttings to reach the surface. At
considerable depths, when a sample was required it was found desirable
to hold back advance of the drill rods and to circulate for as long as
an hour before taking the sample.

The samples were caught in a kitchen sieve as the drilling mud
passed through a cemented trough between the bore hole and the mud
pits. A vertical partition was placed near the discharge end of the
trough to slow the flow of drilling fluid sufficiently to allow the
finer particles suspended in the drilling fluid to settle out. The
mud ditch was cleaned after every sample was collected to prevent con-
tamination of succeeding samples.

CORING

Cores were taken by a wire-line split-spoon sampler down to a
depth of 876 feet. The split-spoon obtained a core 3 feet long and
1-3/8 inches in diameter. Coring was proceeding slowly by this
method, therefore, to accelerate operations an A-1 wire-line core
barrel was obtained that was capable of taking a core 2-7/8 inches
in diameter and 10 feet long. The wire-line core barrel is retriev-
able through the drill pipe and causes only minor time delays during
retrieval.

The cores were briefly described in the field and then cut into
sections and heat sealed in heavy duty polyethelene tubing. A cut of
each core taken was sent to (1) the Hydrologic Laboratory of the U.S.
Geological Survey at Denver, Colo., for the purpose of making permea-
bility tests and particle-size analyses; (2) P. M. Brown and S. M.
Herrick of the U. S. Geological Survey, Raleigh, N. C., and Atlanta,
Ga.,for fossil identification and stratigraphic informationy (3)

F. T. Manheim, Woods Hole Oceanographic Institution, Woods Hole, Mass.,
for determination of interstitial water quality; and (4) Dr. James L.
Calver, Virginia State Geologist, Charlottesville, Va., for his sample
library.

Core-analysis results are not complete at this time and a supple-
ment to this report will be presented when the data are available.
GEOPHYSICAL LOGS

Geophysical logs were made of the hole by both a commercial logging
company and by Geological Survey personnel and equipment. The geophysical
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logs were used to aid in lithologic identification to allow assign-

ment of drill cuttings to their proper position, to determine the chemi-
cal quality of water throughout the depth of the hole, and to aid in

the selection of a suitable injection horizon.

Prior to the completion of the hole, electric and gamma ray logs
were made by Survey personnel from Raleigh, N. C. Upon completion of
the test drilling, @ Dual Induction Laterolog and Compensated Formation
Gamma-Gamma Density log were made by Schlumberger Well Surveying Corpora-
tion. The laterolog includes a self potential (S.P.) log. The density
log includes a gamma ray log and caliper log. The dual induction log
indicates the electrical resistivity of the formations logged and the
density log indicates the effective porosity. By using fairly simple
relationships between resistivity and porosity, an estimate of the
salinity of the formation waters was obtained. Accuracy is quite good
in high salinity, sodium chloride waters, but decreases with decreasing
salinity and increasing calcium, magnesium, and bicarbonate concentra-
tions.

Additional logs run by Survey personnel from Denver, Colo., included
caliper, electric, self-potential, gamma-ray and neutron logs. The neu-
tron log is another type of log that indicates "effective porosity."

GEOLOGY OF TEST WELL 1 (TW-1)

No formation names and geologic ages have been applied at this
time to the materials penetrated in TW-1 because interpretation of the
fossil data and long range stratigraphic correlations have not been
completed. However, it can be stated that basement rock (non-sedimen-
tary rock material) was not penetrated in the test well.

The detailed lithology of TW-1 is presented in table 1. It may
be generalized as follows: sand with interbedded silt extends from
ground surface to a depth of 300 feet; silt and clay from 300 feet to
600 feet; sand with thin beds of silt and clay from 600 feet to 2,100
feet; silt and clay from 2,100 feet to 2,230 feet; sand with thin beds
of silt from 2,230 feet to 2,540 feet; and silt and clay from 2,540
feet to 2,587 feet.: Approximately 60 percent of the section penetrated
is sand.

QUALITY OF WATER
Water samples were taken from seven separate and unconnected water-

bearing sands. The chemical analyses are listed in table 2. The sands
to be sampled were decided upon by utilizing the Dual Induction Laterolog
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and the Gamma-Gamma Density log to calculate approximate salinities of
the contained formation waters and the approximate effective porosity
of the sands. The sands sampled were those in which major salinity
changes were apparent or which appeared to fit the geologic and hydro-
logic requirements for hosting the injection water, or both.

To facilitate collection of water samples a torch cut, slotted
drill pipe about 21 feet long was added to the end of the drill string
and placed opposite the zone selected for sampling. Gravel was then
pumped down the drill rods and up into the annulus between the wall
of the drilled hole and the slotted pipe, thereby providing a gravel
pack. In placing the gravel a specially designed graveling sleeve
was used that fitted inside the slotted pipe. The upper end of the
sleeve was designed to fit the wire-line core barrel retrieval tool.
The sleeve was removed from inside the slotted pipe once the gravel was
emplaced.

After the gravel pack was in place, the formation was pumped by
air 1lift, using a 125 cubic ft/min. air compressor. The bottom of the
air line was set at approximately 240 feet below the ground surface.
Once the mudcake was broken down, a submersible pump was set in the
well at about 147 feet and water discharged through a canvas fire hose
into an overflow pit near the filter plant. The fire hose was connected
at the well head to a 2-inch metal discharge line. The discharge line
had a % inch bleeder line that was used for collecting water samples
and for making geochemical measurements. The overflow pit discharges
through sewer lines into the Elizabeth River.

When the water samples had been collected and treated, the pump was
shut off and water levels were measured using an electric tape, for approx-
imately one hour during recovery. To test the next zone, the screen
was pulled up by removing drill pipe until the slotted pipe was oppesite
the formation to be tested. Gravel was again pumped down the drill pipe
and the air line installed to initiate development of the sand.

Field measurements of pH; CO5; HCOg; EH; 0,3 Cl; and conductivity
were made while the sands were being pumped. A%ter the water samples
were collected they were acidized and analyzed for Ca, Fe, Mn, PO,, Cu,
Pb, Zn, B, Al, and NH,. Chloroform was added to the samples to be tested
for Si0p, and NaOH ana Zn (AC)2 was added to the samples to be tested

for H,S.

INJECTION HORIZON

A sand bed between the depths of 895 feet and 1,000 feet below
the land surface has been selected as the injection sand. Examination
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of the drill cuttings indicates the sand to be slightly to moderately
silty from 895 to 930 feet and to be clean, well sorted, and unconsoli-
dated from 930 to 980 feet. It is slightly clayey and silty and poorly
sorted near the base (table 1).

This zone had been selected for the following reasons:

(1) The sand, for the most part, séems to be clean, loose,
well-sorted, and of high apparent permeability.

(2) The sand is essentially quartz and thus chemically inert.

(3) The sand is confined both above and below by clay, silt,
and silty clay. It is essential that the injected water
be confined if it is to be monitored upon retrieval. The
clay in the confining beds is a swelling clay and may pose
a problem if it is present in the aquifer., Tests are being
conducted at this time to see if clay partings in the aquifer
are the swelling variety.

(4) The sand is the shallowest confined clean permeable sand
available. The use of a relatively shallow sand would
be expected to result in lower installation, pumping,
and maintenance costs.

(5) The gamma density log indicates the zone has a high
(about 37 percent) average effective porosity. The
self potential log dindicates that permeable lenses
are present in the zone.

(6) The formation water is less mineralized than that in
most other sand horizons. Major chemical problems and high
costs can be avoided if the injection water and host waters
are nearly compatible.

(7) The sand zone is thick enough so that it is expected to
persist for some distance laterally and, therefore, to have
a large storage capacity.

For the above reasons, the test well was completed as an observation
well in the proposed injection zone. The test hole was backfilled with
cement from 2,150 feet up to 1,000 feet. The hole was then under-reamed
to a diameter of about 24 inches from 890 feet to 970 feet. Sixty feet
of 6-inch stainless stainless steel screen was set from 900 to 960 feet,
with 10 feet of blank pipe from 960 to 970 feet to act as a sand trap.
Layne shutter screen with openings of 0.055 inches was used. Six-inch
mild steel casing extends from the screen to about 3 feet above land
surface. The gravel pack was placed in the underreamed part of the hole
and the hole cemented from there to the surface.
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The drilling of TW-1 was completed on November 3, 1967. The screen
was not set until February 15, 1968. Although it is not possible to
measure directly the amount of formation damage due to mud invasion over
this length of time, it could be considerable. The well was pumped by
air lift for about 4 hours, then pumped by the submersible pump for about
25 hours prior to a pumping test. The pumping test was conducted using
the 5 hp submersible pump that was used to collect the water samples.
The pump was capable of pumping about 47 gpm against a 16-foot head.
This discharge rate was not great enough to develop the well (although
the water cleared) or to produce meaningful pumping data. The pumping
test data were analyzed by staff hydrologists of the Geological Survey
in Arlington, Va., who concluded that the data do not properly reflect
formation response and that the well was not fully developed.

Plans are now in progress to reenter the well and develop it more
completely by swabbing and pumping by air 1ift using a large air com-
pressor and a submersible pump capable of pumping at least 200 gpm against
100 feet of head. A pumping test will then be conducted and values of
transmissibility and specific capacity will be reported upon completion
of data analysis.

GEOCHEMISTRY

The chemical analyses of the formation waters sampled (table 2)
indicate the waters range from brines containing about 40 percent more
chloride than sea water at 2,499 feet to brackish water containing about
1,000 ppm chloride at 848 feet. Both the chloride content and total solids
increase with depth.

The chemistry of the formation water from 900-960 feet and the
treated city water from Moore's Bridge Filter Plant were compared by
use of a computer, programmed to determine compatibility of two waters.
The results were interpreted by Ivan Barnes, U. S. Geological Survey,
Menlo Park, Cal., and his conclusions are as follows:

1. All chlorine should be removed from the city water prior to
injection to prevent the oxidation of iron and resulting de-
position of iron oxide in the formation and on the screen.
Failure to remove the chlorine may result in plugging of the
aquifer and/or the screen by oxidized deposits.

2. Dissolved gases such as oxygen and carbon dioxide should
likewise be removed to prevent oxidation of ferrous iron
and consequent plugging of the aquifer and/or the screen.
Removal of dissolved oxygen not only will prevent direct
oxidation, but also will retard the growth of iron-oxidizing
bacteria.
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3. The injected water should be free of turbidity because the
aquifer will act as a sand filter during recharge and will
retain particulate matter during recharge stages and become
plugged.

4. The pH of the injection water and the host water should be
as nearly identical as possible.

5. Computations suggest that the injection water cannot
exceed 30 ppm calcium without precipitating calcite. The
formation water would be at equilibrium with calcite at a
concentration of 15 ppm calcium but should tolerate con-
centrations up to the 30 ppm limit with no major difficulties.

The screen should be composed of high-chloride-resistant stainless
steel that is not subject to stress corrosion cracking. Mild steel or
other metal casing would be a poor choice for long-term service because
of the electrolytic action caused by different types of water that will
be in contact with the casing along its length. Epoxy fiberglass casing,
which is chemically inert, will minimize scale buildup and fouling reac-
tions.

PRESENT PLANS

Upon completion of contracting procedures, three observation wells
will be installed near TW-1. The wells will be constructed of epoxy
reinforced fiberglass casing and will have saw-cut fiberglass screens.
They will be completed and developed in the proposed injection zone from
approximately 900 to 1,000 feet.

In fiscal year 1969, contracts will be let and construction begun
on the injection well and at least one more observation well. Current
agreements are that the recharge well will be constructed to be capable
of injecting approximately 400 gpm and withdrawing 800 gpm .

SUMMARY

With the completion of TW-1 at Moore's Bridge Filter Plant, Norfolk,
Va., it was confirmed that no deep fresh-water source is available beneath
the test area. It was also learned that the unconsolidated sedimentary
section is thicker than previously believed in that 2,587 feet of sands,
silts and clays were penetrated and basement rock was not reached.

Geologic and hydrologic evidence indicates that a 105-foot thick

sand, which lies between the depths of 895 and 1,000 feet, is suitable
for injection, storage and retrieval of fresh water.
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The sand is in large part a clean, well-sorted, quartz sand,
ranging up to small gravel in grain size. It is confined both above
and below by silt and clay beds. It is important that the sand be
bordered by aquicludes in order that the injected recharge water
may be retrieved at a later date. The sand bed is thick and persis-
tent laterally and it should be possible to store huge quantities of
water within it.

Pumping-test data on the proposed injection sand are not satis-
factory. Steps are being taken to develop TW-1 and conduct another
pumping test on the screened zone from 900-960 feet. Examination of
geophysical logs and drill cuttings and other data indicates that the
permeability, porosity, transmissibility, and specific capacity are
such that the sand can be successfully utilized for large scale injection.

The presence of a swelling clay in the upper and (probably) the
lower confining beds may present difficulties. The clay consists of
illite and mixed-layered montmorillonite-illite. If this clay type is
present in the injection sand in any large quantities, it would tend
to reduce permeability when subjected to the injected fresh water.

Samples of cove fragments from the upper part of the sand are
being studied to determine the clay types present. The clay occurs
mainly in the upper 20 to 30 feet of the injection zone.

Analyses of the chemical compositions of the water in the proposed
injection zone and the treated city water indicate that the water will
be compatible providing that some basic precautions are taken. Chlorine,
dissolved oxygen, turbidity and carbon dioxide must be removed from
the injection water prior to recharge. The pH of the injection water
must be very nearly that of the formation water. Calcium must not
exceed 30 ppm in the injection water and ideally should be about 15

ppm.

To prevent adverse chemical reactions and to controll the enviro-
mental conditions necessary to conduct the research aspects of this
project, it will be necessary to use epoxy reinforced fiberglass casing
and screens and a high-chloride-resistant stainless steel screen in
well construction.

The information gathered from TW-1 has defined some anticipated
chemical problems and their solutions and delineated the injection zone.
The drilling of observation wells and the construction of the injection
well with its necessary equipment will complete the construction phase
of the project.



Table 1: Detailed lithologic description of samples from Test Well 1

Location: Moore's Bridge Filter Plant Well Number : Test Well 1
Norfolk, Virginia 365223N761221-1
Elevation: 15 feet
Owmer : U. S. Geological Survey
Driller: Layne-Atlantic Company, Norfolk, Va,

Lithologic Description: Donald L. Brown

Lithology
Depth in feet
From To
Sand, moderate-orange-pink to light-brown, medium- to 0 6
coarse-grained (average medium), angular to sub-
angular, loose to friable, slightly calcareous,
cemented in part, frosted.
Sand as above except grain size ranges to very coarse- 6 10
grained and probably averages coarse-grained.
Silty sand, light-gray to dark-yellowish-orange, very 10 20
coarse-grained, poorly sorted, angular to sub-
angular, loose to cemented by silica or possibly
clay, slightly calcareous, shell fragments.
Sand, light-gray to dark-yellowish-orange, very fine- 20 35
to medium-grained, slightly clayey, poorly sorted,
loose to cemented, finely micaceous.
Silt, light-gray, slightly sandy with very fine- 35 58
grained, fragmented, angular to sub-angular sand
grains, cemented, slightly micaceous, slightly
calcareous, shell fragments, soft.
No samples. ' 58 62
Silt as above. ’ 62 65
No samples. 65 110
Sand, greenish-gray to grayish-olive, very fine- 110 120

grained to granules (becoming coarser towards base)
slightly silty, poorly to moderately sorted, angu-
lar to sub-angular, slightly micaceous, slightly

to moderately glauconitic, white chalky calcareous
material-possibly cement, fossiliferous with
Foraminifera and shell fragments.
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Lithology

Depth in feet
From To

Sand, greenish-gray to olive-gray, very fine- to 120 130
fine~grained, silty, moderately sorted, angular
to sub-angular, slightly micaceous, slightly to
moderately glauconitic, slightly calcareous,
Foraminifera and shell fragments,

Sand, greenish-gray to olive-gray, very fine- to 130 140
coarse-grained (averages fine-grained), slightly
silty, poorly sorted, angular to sub-angular,
loose to moderately cemented, friable, slightly
micaceous, glauconitic, Foraminifera and shell
fragments.

Sand as above except averages medium-grained and 140 148
glauconite increased (10-15%), possibly cal-
careous,

No samples. 148 151

Silty sand, light-olive-gray to greenish-gray, 151 170
very fine- to medium-grained (averages very
fine-grained), very silty, poorly sorted,
angular to sub-angular, cemented to friable,
slightly calcareous, glauconitic, micaceous,
Foraminifera, poor porosity.

Silt, light-gray to greenish-gray, clayey, sandy with 170 190
imbedded sand grains 1p to fine-graine , micaceous,
slightly glauconitic Foraminifera

Sandy silt to silty sand, greenish-gray, very fine- 190 203
grained where sandy, moderately sorted, angular to
sub-angular, micaceous, glauconitic, poor porosity.

Sand, greenish-gray, very fine- to fine-grained, 203 215
moderately sorted, angular to sub-angular, loose
to friable, micaceous, glauconitic, Foraminifera
and shell fragments, possibly slightly calcareous,
contains black, vitreous, glassy fragments,

Silt, greenish-gray, clayey, sandy with very fine- to 215 236
fine-grained quartz grains, poorly sorted, angular
to sub-angular, moderately consolidated, slightly
micaceous, slightly glauconitic, possibly slightly
calcareous, Foraminifera.
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Lithology

Depth in feet
From To

Silt, light-olive-gray to greenish-gray, clayey, 236 249
slightly sandy, micaceous, glauconitic, slightly
calcareous.

Sand, greenish-gray to olive-gray, very fine- to 249 259
coarse-grained (averages medium-grained and is
coarsest at base), poorly to moderately sorted,
angular to subangular, loose to moderately
cemented, friable, glauconitic, slightly micaceous,
partially calcareous cement, quartz grains are
clear to frosted to pink, to lavender to pale
green. Shell fragments in upper portion.

Sand, greenish-gray, very fine-grained, very silty, 259 272
moderately sorted, angular to subangular,
glauconitic, slightly to moderately micaceous,
calcareous (cement and shell fragments), poor
porosity,

Silt, light~gray to light-olive-gray, clayey, 272 282
glauconitic, micaceous, soft, slightly calcareous,

~ No samples. - 282 295

Silt as above except slight increase in mica and 295 300
decrease in glauconite.

Silt, light-olive-gray, slightly clayey, slightly 300 310
sandy (very fine-grained), slightly calcareous,
slightly glauconitic, micaceous, soft, minor
Foraminifera.

Silt as above but increased shell material and 310 320
pieces of very light gray sandy limestone (pos-
sibly cavings from hard drilling streak at 282').

Silt, light-olive-gray, slightly clayey, slightly 320 327
sandy, slightly calcareous, slightly glauconitic,
micaceous, soft.

Silt, light-olive-gray to greenish-gray, clayey, 327 340
slightly calcareous, micaceous, very slightly
glauconitic, shell fragments, soft.

Silt, light-olive-gray to greenish-gray, clayey, 340 400

micaceous, slightly calcareous, soft.
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Lithology

Silt, light-olive-gray, clayey, finely micaceous,
slightly calcareous, possibly badly weathered
glauconite, soft.

Silty clay, greenish-gray to light-olive-gray,
micaceous, slightly calcareous, greenish-gray

streak, soft, granular texture,.

Silty clay as above with pods of moderate-reddish-
orange discoloration - probable iron staining.

Silty clay, greenish-gray to light-olive-gray,
micaceous, slightly calcareous, greenish-gray

streak, soft, granular texture.

Clayey silt, greenish-gray, micaceous, slightly
calcareous, soft.

Silt as above except decrease in clay content.

Silt, light-olive-gray to greenish-gray, clayey,

micaceous, with fine-grained black heavy minerals

and possibly a small amount cof glauconite and
inclusions or thin interbeds of olive-gray silty
clay, micaceous, granular texture, olive-gray
streak.

Silt, light-olive-gray, sandy with very fine-grained

angular to sub-angular quartz grains, slightly
clayey, friable, micaceous, black vitreous phos-
phate grains, abundant Foraminifera.

Silt, light-olive-gray, clayey, very slightly sandy,

micaceous, calcareous.

Silt, light-olive-gray, clayey, sandy, very calcareous,

very fossiliferous - Foraminifera and shells.

Silty sand, light-olive-gray, very fine-grained, very

clayey and silty, poorly sorted, angular to sub-

angular, very calcareous, black vitreous phosphate

grains, very fossiliferous, poor porosity.

Sand, light-olive-gray, very fine- to coarse-grained

(averages very fine-grained), silty, clayey,
poorly sorted, angular to sub-angular, very
phosphatic, very calcareous, very fossiliferous.
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From

400

450

470

480

490

530

550

560

572

580

603

610

To

450

470

480

490

530

550

560

572

580

603

610
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Lithology

Sand, olive-gray, very fine- to coarse-grained
(averages very fine-grained), very silty,
clayey, poorly sorted, angular to sub-angular,
micaceous, very fossiliferous, decrease in
phosphate and increase in glauconite, very
calcareous, poor porosity,

Sand, olive-gray, very fine- to very coarse-grained
(averages very fine-grained) silty, clayey,
poorly sorted, angular to subrounded, calcareous
cement in part, Foraminifera, slightly to mod-
erately micaceous, phosphatic, glauconitic, quartz
grains are clear to slightly frosted, poor porosity.

Sand, dark-greenish-gray, very fine- to very coarse-
grained (averages very fine-grained), silty,
clayey, poorly sorted, angular to subrounded,
micaceous, calcareous, phosphate and glauconite
equals approximately 25% and average medium-
grained, poor porosity.

Sandy silt, olive-gray, clayey, calcareous, Foram-
inifera, phosphatic, glauconitic, probably most
dark minerals are glauconite, micaceous, poorly
sorted.

Silt, light-olive-gray, clayey, slightly sandy,
micaceous, slightly to moderately glauconitic
and phosphatic, slightly calcareous.

Silt as above with white coarse crystalline dolomitic
limestone particles - possibly fracture filling
material.

Sand, light-olive-gray to greenish-gray, very fine-
to very coarse-grained (average very fine-grained),
silty, clayey, very poorly sorted, angular to
sub~angular, very micaceous, consolidated, cal-
careous, fossiliferous, glauconitic, very coarse
phosphate grains, quartz is clear to frosted,
poor porosity,

Silt, light-olive-gray to greenish-gray, clayey,
slightly sandy, micaceous, slightly glauconitic,
granular texture, slightly iron-stained in
upper portion, shell fragments in lower part.
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From

621

633

648

660

670

680

692

708

To

633

648

660

670

680

692

708

730



Lithology

Sandy silt, olive-gray, very micaceous, moderately
calcareous, slightly glauconitic, clayey, abun-
dant shell fragments, semi-plastic in part -
probably thin stringers of medium to dark gray
clay.

Sand, olive-gray to medium-dark-gray, very fine- to
fine-grained (averages very fine-grained), mod-
erately sorted, angular to sub-angular, silty,
very micaceous with coarse books, slightly
glauconitic, lignitic, very slightly calcareous,
moderately friable, poor porosity.

Sand, light-olive-gray, fine- to coarse-grained
(averages medium-grained), well sorted, angular
to sub-angular, clean, loose to friable, mod-
erately to very glauconitic, slightly micaceous,
Foraminifera, quartz is clear to frosted, good
porosity,

Sand, yellowish-gray to light-olive-gray, medium-
grained to granules (average very coarse-grained),
clean, well sorted, angular to subrounded, quartz
clear to frosted to slightly polished, pyrite,
possibly feldspathic, good porosity.

Sand, light-olive-gray, fine-grained to granules
(averages + medium-grained) moderately clean,
moderately sorted, angular to sub-angular,
slightly glauconitic, slightly micaceous with
some coarse books, slightly pyritic, probably
feldspathic, quartz clear to frosted to slightly
polished, loose, good porosity.

Sand as above except becomes moderately to very
glauconitic and contains Foraminifera.

Sand, light—olive-gfay, very fine- to medium-grained,
(averages + fine-grained), moderately sorted,
angular to sub-angular, loose, increase in mica
and decrease in glauconite from above, fair to
good porosity, grading into sandy silt to silty
sand, fine- to very coarse-grained, poorly sorted,
friable, poor to fair porosity. Both zones pro-
bably feldspathic.
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Depth in feet

From

730

740

753

760

770

783

786

To

740

753

760

770

783

786

800



Lithology

Sand, yellowish-gray to dusky-yellow, medium-grained
to granules (average + coarse-grained), slightly
clayey, '"dirty", poor to moderately sorted, angular
to sub-angular, loose to friable, slightly mica-
ceous, very slightly glauconitic, slightly felds-
pathic, quartz clear to frosted, fair porosity.

Sand, yellowish-gray to light-olive-gray, fine-grained
to granules (averages + coarse-grained), fairly
clean, moderately sorted, angular to sub-angular,
micaceous with coarse mica books, loose, quartz
frosted to clear, fair porosity.

Sand, light-olive-gray to dusky-yellow, medium-
grained to granules (averages coarse-grained),
clean, moderately to well sorted, angular to sub-
angular, slightly micaceous, quartz clear to
frosted, loose, good porosity.

Sandy silt, light-olive-gray, sand grains up to coarse-
grained imbedded in silt, poorly sorted, micaceous,
glauconitic, clayey, calcareous, Foraminifera,
moderately consolidated, poor porosity,

Clay, light-olive-gray to greenish-gray, silty, very
micaceous, glauconitic, plastic, soft, granular
texture, greenish-gray streak.

Sandy silt as above grading into sand, light-olive-
gray, very fine- to medium-grained (averages fine-
grained), silty, clayey, moderately sorted, angular
to sub-angular, micaceous with coarse mica books,
slightly glauconitic, loose, fair porosity.

No samples.

Sand, light-olive-gray, fine-grained to pebbles
(averages very coarse-grained) "dirty", silty,
poorly sorted, angular to sub-angular, clayey,
very slightly glauconitic, clear to frosted quartz,
micaceous, fair porosity. Core evidence indicates
good possibility of thin silty, sandy, micaceous,
slightly calcareous and glauconitic, semi-plastic
clay lenses.
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Depth in feet
From To

800 814
814 830
830 860
860 870
870 893
893 903
903 913
913 923



Lithology

Sand, light-olive-gray, fine- to very coarse-grained
(averages coarse-grained), slightly clayey, mod-
erately to well sorted, angular to sub-angular,
slightly to moderately micaceous with coarse books,
slightly glauconitic, quartz is clear to frosted,
loose to friable, fair to good porosity.

Sand as above except loose, well sorted, good porosity.

Sand, dusky-yellow to light-olive-gray, fine- to very
coarse-grained (averages coarse-grained to +
coarse-grained at base), clean, moderate to well
sorted, angular to sub-angular, loose to friable,
slightly micaceous, very slightly glauconitic,
quartz clear to frosted, very good porosity.

Sand, light-olive-gray, fine- to very coarse-grained
(averages very coarse-grained), clean, moderately
to well sorted, angular to sub-angular, slightly
micaceous, possible feldspar, quartz clear to
frosted, loose, very good porosity.

Silt, light-olive-gray, very finely micaceous, glau-
conitic, slightly sandy, clayey grading into silty
sand, very fine- to very coarse-grained, 'dirty",
clayey, poorly sorted, angular to sub-angular,
micaceous, slightly glauconitic, loose, fair porosity.

Sand as above grading into very fine-grained silty
sand to sandy silt, micaceous, glauconitic, con-
solidated, very poorly sorted, poor porosity.

Clay, moderate-reddish-brown to dark-yellowish-orange
to medium-dark-gray, very micaceous, slightly silty,
slightly sandy, slightly to moderately glauconitic,
plastic, tough, granular texture grading into light-
olive-gray silty sand, very fine- to very coarse-
grained, "dirty", poorly sorted, angular to sub-
angular, micaceous, glauconitic, consolidated to
friable, slightly calcareous, poor porosity.

Interbedded sand and clay as above except sand ranges
from very fine-grained to granules (averages +

medium~-grained), poor porosity.

No samples,
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Depth in feet

From

923

935

945

975

985

995

1008

1018

1029

To

935

945

975

985

995

1008

1018

1029

1039



ot

Lithology

Sand, light-olive-gray, fine-grained to granules
(averages coarse-grained at top to very coarse-
grained near bottom) moderately clean, moderate-
ly to well sorted, angular to sub-angular, loose
slightly micaceous with coarse mica books, quartz
clear to frosted to pitted, probably slightly
feldspathic, very good porosity.

b

Silty clay to clayey silt, light-olive-gray to med-
ium-light-gray to grayish-purple, very micaceous,
glauconitic, granular texture, tough grading into
silty sand, light-olive-gray, very fine-grained
to granules, clayey, "dirty", poorly sorted,
angular to sub-angular, slightly micaceous,
slightly feldspathic, loose to friable, quartz
clear to frosted, poor porosity.

Sand, light-olive-gray, fine- to very coarse-grained
(averages coarse-grained), clean, moderately well
sorted, angular to sub-angular, very slightly
micaceous, quartz clear to frosted, loose, very
good porosity.

Sand as above except fine-grained to granules (averages
+ coarse-grained) poorly to moderately sorted.

Interbedded silty sand as above and silty clay,
greenish-gray to medium-light-gray, very mica-
ceous, slightly to moderately silty, slightly
glauconitic, granular texture,

Sand, medium-dark-gray, very fine-grained, silty,
well sorted, angular to sub-angular, lignitic,
micaceous, consolidated grading into sand, light-
olive-gray, very fine~ to coarse-grained (averages
medium-grained) slightly clayey, poorly sorted,
angular to sub-angular, micaceous, slightly
lignitic, loose to friable, fair porosity.

Sand, light-olive-gray, very fine- to very coarse-
grained (averages medium-grained) silty, slightly
clayey, poorly sorted, angular to sub-angular,
micaceous, slightly lignitic, loose to friable
with thin interbeds of silt, yellowish-gray to
light-olive-gray, sandy, consolidated, slightly
calcareous, micaceous,
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Depth in feet

From

1039

1071

1092

1113

1123

1134

1145

To

1071

1092

1113

1123

1134

1145

1155



Lithology

Depth in feet
From To

Sand, light-olive-gray, fine-grained to granules 1155 1166
(averages + coarse-grained), slightly silty and
clayey, poorly sorted, angular to subrounded,
micaceous, possibly slightly- lignitic, quartz
clear to frosted to slightly polished, loose,
fair porosity.

Sand, light-olive-gray, fine-grained to granules 1166 1186
(averages very coarse-grained) clean, moderately
well sorted, angular to subrounded, micaceous,
slightly lignitic, loose, possibly slightly
feldspathic, good porosity,

Silt, dusky-yellow to moderate-yellowish-brown to 1186 1218
moderate-reddish-brown, sandy, clayey, micaceous,
slightly calcareous, granular texture with thin
interbeds of greenish-gray silty clay.

Sand, light-olive-gray, very fine-grained to granules 1218 1228
(averages + medium-grained), "dirty", silty,
clayey, poorly sorted, angular to subrounded, mica-
ceous, loose to friable, quartz clear to frosted,
poor to fair porosity. '

Sand, light-olive-gray, very fine-grained to granules 1228 1250
(averages coarse-grained) slightly clayey and
silty, poorly sorted, angular to subrounded,
micaceous, quartz clear to frosted, thin silt
interbed in upper portion, loose to friable,
probably very slightly glauconitic, fair porosity.

Sand, light-olive-gray, fine-grained to granules 1250 1292
(averages coarse-grained to very coarse-grained
near base) clean, moderate to well sorted, angular
to subrounded, quartz clear to frosted to slightly
polished, micaceous, possibly slightly lignitic
and feldspathic near top, very slightly glauconitic,
loose to friable, good to very good porosity.

Clayey silt to silty clay, medium-gray to moderate- 1292 1303
reddish-brown to moderate-greenish-yellow to
greenish-gray, slightly sandy, slightly calcareous,
slightly glauconitic, very micaceous, granular
texture.
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Lithology

Interbedded silty clay and clayey silt, light-
brownish-gray to moderate-reddish-brown to
greenish-gray to medium-gray, very micaceous,
slightly sandy, slightly glauconitic, semi-
plastic, variegated, granular texture.

Clayey silt, medium-light-gray, very micaceous with
coarse mica books, very clayey, slightly sandy,
slightly glauconitic, slightly calcareous, slightly

lignitic, granular texture.

Sand, light-olive-gray, fine-grained to granules
(averages coarse-grained) silty, clayey, poorly
sorted, angular to subrounded, loose to con-
solidated in upper part by clay, micaceous with
coarse mica books, slightly glauconitic, possibly
slightly feldspathic, poor to fair porosity
grading into clean loose, good, porous sand at

the base.

Clayey silt, grayish-yellow-green to medium-gray,
very micaceous, slightly sandy, slightly to
moderately glauconitic, granular texture grading

into silty sand.

Sand, light-olive-gray, fine- to very coarse-
grained (averages coarse-grained) silty, mod-
erately sorted, angular to sub-angular, loose
to friable, micaceous, slightly to moderately

glauconitic, quartz clear to frosted,

porosity.

Sand, light-olive-gray, very fine- to very coarse-

fair

grained (averages coarse-grained), clean,

moderately to well sorted, angular to sub-
angular, loose, slightly to moderately glau-
conitic, slightly micaceous, good porosity.

Silt, yellowish-gray to light-greenish-gray to
greenish-gray, clayey, slightly sandy, very

micaceous, slightly glauconitic, slightly

calcareous.

Sand, light-olive-gray, very fine- to coarse-
grained (averages + very fine-grained) very
silty, slightly clayey, poorly sorted, angular
to sub-angular, consolidated, 'dirty'", slightly

calcareous, poor porosity.
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Depth in feet

From

1303

1324

1334

1355

1376

1387

1408

1422

To

1324

1334

1355

1376

1387

1408

1422

1429



Lithology

Depth in feet
From To

Sand, light-olive-gray, very fine-grained to granules 1429 1450
(averages coarse-grained) slightly silty, poorly
sorted, angular to subrounded, loose to friable,
quartz clear to frosted to slightly polished,
becoming slightly micaceous and feldspathic at
base, fair to good porosity.

Sand, light-olive-gray, very fine-grained to granules 1450 1471
(averages coarse-grained) moderately sorted,
angular to subrounded, micaceous with coarse
mica books, probably slightly glauconitic, quartz
clear to pink to ruby red, good porosity.

Interbedded sand, light-olive-gray, very fine- to 1471 1481
very coarse-grained (averages + very fine-grained),
silty, slightly clayey, poorly sorted, angular
to sub-angular, consolidated, glauconitic,
micaceous, poor porosity and clayey silt to silty
clay, dark-gray, very micaceous, granular texture.

Sand, light-olive-gray, very fine-grained to granules 1481 1492
(averages + medium-grained) slightly silty, mod-
erately sorted, angular to subrounded, micaceous,
very slightly glauconitic, quartz clear to
frosted to slightly polished, thin interbeds of
slightly to moderately calcareous silt, fair to.
good porosity.

Sand as above but no silt interbeds, decrease in mica 1492 1503
and glauconite, good porosity.

Sand, light-olive-gray, very fine-grained to granules 1503 1538
(averages coarse-grained) poorly sorted, angular
to subrounded, loose to consolidated with white
clay cement, slightly micaceous, slightly cal-
careous, quartz clear to frosted to slightly polished,
fair to good porosity.

Silty sand, light-olive-gray, very fine- to coarse- 1538 1566
grained (averages + fine-grained), "dirty'", poorly
sorted, angular to sub-angular, calcareous and
clayey cement, consolidated to friable, micaceous,
poor porosity grading into and interbedded with
sand, moderate-reddish-orange, very fine- to
fine-grained sand, silty, clayey, consolidated,
calcareous, .micaceous with both muscovite and
biotite, black, vitreous, non-magnetic "heavies",
poor porosity.
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Lithology

Silty sand, pale-yellowish-brown to light-brown,
very fine-grained to granules (averages fine-
grained), very silty, clayey, poorly sorted,
angular to sub-angular, glauconitic, consoli-
dated to friable, micaceous with coarse muscovite
and biotite books, clay and calcareous cement,
poor porosity, some inclusions of moderate-
reddish-brown silty clay.

Interbedded silty sand as above and silty clay,
moderate~-reddish-brown to greenish-gray, slightly
sandy, soft, occassional rounded, highly
oxidized iron pellets,

Interbedded clay, light-brown, slightly silty,
tough, semi-plastic, and sand, pale-yellowish-
brown, very fine- to very coarse-grained
(averages medium-grained), very silty, clayey,
poorly sorted, angular to sub-angular, slightly
glauconitic, micaceous with coarse mica books,
poor porosity. ‘

Sand, light-olive-gray, very fine-grained to granules
(averages coarse-grained) silty, moderately
sorted, angular to subrounded, coarse biotite
and mica books, quartz clear to frosted to
slightly polished, fair porosity grading into
light-brown very silty sand, clayey, slightly
calcareous, consolidated to friable, very micaceous
with biotite and muscovite, poor porosity.

Sand, light-olive-gray, very fine-grained to granules
(averages + coarse-grained) silty, slightly clayey,
moderately sorted, angular to subrounded, loose,
micaceous, quartz clear to frosted to slightly
polished to pitted, fair to good porosity.

Clayey silt to silty clay, light-greenish-gray to
greenish-gray to light-olive-gray, sandy, grading
into very fine-grained silty sand, clayey,
poorly sorted, angular to sub-angular, consoli-
dated, very micaceous with coarse books of
muscovite and biotite, slightly glauconitic,
slightly calcareous, minor iron-staining, "heavy
minerals'", poor porosity.
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Depth in feet

From

1566

1577

1587

1598

1619

1632

To

1577

1587

1598

1619

1632

1650



Lithology

Clayey silt as above grading into silty sand,
yellowish-gray to light-olive-gray, very fine-
to coarse-grained (averages fine-grained) very
clayey, poorly sorted, angular to sub-angular,
calcareous and white clay cement, consolidated,
very micaceous with very coarse bilotite and
muscovite, slightly glauconitic, iron-stained,
quartz clear to frosted, poor to fair porosity.

Sand, light-olive-gray, very fine-grained to granules
(averages coarse-grained) clayey, silty, poorly
sorted, angular to subrounded, loose to friable,
calcareous and white clayey cement, micaceous,
quartz clear to frosted to slightly polished,
slightly pitted, possibly feldspathic, fair to
good porosity.

Sandy silt, medium-light-gray, very clayey, very
micaceous with biotite and muscovite, slightly
glauconitic, nonfriable, poor porosity with
interbed of silty sand as above.

Interbedded silty sand and sandy silt, light-olive-
gray, very fine- to coarse-grained (averages
fine-grained) clayey, silty, poorly sorted,
angular to sub-angular, very micaceous with
biotite and muscovite, calcareous, consolidated,
poor porosity.

Silt, pale-red-purple to moderate-reddish-brown,
very clayey, sandy, consolidated, very micaceous
with biotite and muscovite, granular texture,
possibly thin interbeds of very fine- to fine-
grained sand as above.

Silty clay to clayey silt, light-greenish-gray to
moderate~reddish~orange to moderate-reddish-
brown, sandy, very micaceous with biotite and
muscovite, calcareous, consolidated, tough, granular
texture, possibly slightly glauconitic.

Silt as above grading into sand, light-olive-gray,
very fine- to very coarse-grained (averages
medium-grained) 'dirty", poorly sorted, angular
to sub-angular, muscovite and biotite, loose to
friable, fair porosity.

-23-

Depth in feet

From

1650

1661

1674

1692

1703

1713

1734

To

1661

1674

1692

1703

1713

1734

1745



Lithology

Sand, light-olive-gray, very fine-grained to granules
(averages very coarse-grained) moderately well’
sorted, angular to subrounded, clean, loose,
quartz clear to frosted to slightly polished,
possibly feldspathic, very good porosity.

Sandy silt, moderate-reddish-orange to moderate-
reddish-brown, clayey, very micaceous with
muscovite predominant mica, granular texture,
tough,

Sand, pale-red, very fine-grained to granules
(averages + medium-grained), very silty, very
clayey, '"dirty", poorly sorted, angular to
subrounded, calcareous cement in part, loose
to friable, quartz clear to frosted to slightly
polished, micaceous, possibly very slightly
lignitic, fair porosity.

Silty clay to clayey silt, moderate-reddish-orange
to moderate-reddish-brown to light-gray, micaceous,
slightly calcareous, granular texture grading
into white sand, very fine- to medium-grained,
clayey, cemented by calcite and clay, micaceous
with muscovite predominant, slightly glauconitic,
poor porosity.

Sand, pale-red to light-olive-gray, very fine-
grained to granules (averages coarse-grained)
clayey, silty, moderately sorted, angular to
sub-angular, slightly glauconitic, micaceous,
loose to consolidated, fair porosity.

Sand, pale-yellowish-brown, very fine-grained to
pebbles (averages coarse-grained) very silty at
top becoming clean sand near the base, poorly to
moderately sorted, angular to subrounded, mica-
ceous with both biotite and muscovite, slightly
lignitic, slightly calcareous, quartz clear to
frosted to slightly polished, possibly slightly
feldspathic, fair porosity near top to very good
porosity near base.

Interbedded sand as above and clayey silt, light-gray

to light-olive-gray, slightly sandy, micaceous,
lignitic, glauconitic, granular texture, tough.
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Depth in feet

From

1745

1755

1780

1790

1800

1809

1840

To

1755

1780

1790

1800

1809

1840

1851



ey

Lithology

Silt, light-gray to greenish-gray, very clayey,
slightly sandy, very micaceous, glauconitic,
tough, granular texture.

Sand, light-olive-gray to greenish-gray, very fine-
grained to granules (averages coarse-grained)
very clayey and silty near top cleaning up
towards base, poorly sorted, angular to sub-
angular, micaceous, loose to friable, fair to
good porosity.

Silt, light-olive-gray, clayey, slightly sandy,
micaceous, tough, granular texture.

Sand, very light-gray to light-olive-gray, very
fine- to very coarse-grained (averages medium-
grained) poorly to moderately sorted, angular
to sub-angular, consolidated near top by calcite
and clay cement grading into loose calcareous
sand, biotite and muscovite, fair to good porosity.

Sand, light-olive-gray, very fine-grained to granules
(averages + coarse-grained) slightly clayey and
silty, poorly to moderately sorted, angular to
sub-angular, slightly calcareous, micaceous, loose
to friable, fair to good porosity.

Sand, light-olive-gray, fine-grained to pebbles
(averages + coarse-grained) silty, poorly to
moderately sorted, angular to subrounded, mica-
ceous, possibly feldspathic, quartz clear to
frosted to polished, fair to good porosity, thin
interbeds of medium-dark-gray, slightly pyritic,
clayey silt.

Sand, light-olive-gray, very fine-grained to granules
(averages + medium-grained) very silty, clayey,
poorly to moderately sorted, angular to sub-angular,
micaceous with minor biotite, loose to consolidated,
calcareous where consolidated, poor to fair
porosity.

Sand, light-olive-gray, very fine-grained to granules
(averages + coarse-grained) silty, slightly clayey,
poorly to moderately sorted, angular to sub-angular,
slightly micaceous, loose to friable, calcareous
and clayey cement, fair to good porosity.
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Depth in feet

From

1851

1870

1910

1924

1935

1945

1966

1987

To

1870

1910

1924

1935

1945

1966

1987

2010



s

Lithology

Depth in feet

From

Sand, light-olive-gray, very fine- to coarse- 2010
grained (averages fine-grained), very silty,
moderately sorted, angular to sub-angular,
micaceous, loose, fair porosity.

Sand as above except averages'coarse—grained, 2019
good porosity,

Sand, light-olive-gray, very fine-grained to 2029
granules (averages + coarse-grained) clean,
moderately sorted, angular to subrounded,
loose, quartz clear to frosted to polished,
good porosity,

Sandy silt to silty sand as above, micaceous, 2040
glauconitic, consolidated, poor porosity.

Sand, light-olive-gray, very fine-grained to 2050
granules (averages very coarse-grained) clean,
moderately to well sorted, angular to sub-
angular, slightly micaceous, possibly slightly
glauconitic, quartz clear to frosted, loose,
good to very good porosity.

Interbedded sand, light-olive-gray, very fine- 2074
grained to pebbles (averages very coarse-
grained) and medium-gray, micaceous clayey
silt,

Sand, light-olive-gray, very fine-grained to 2090
granules (averages coarse-grained) very silty,
poorly sorted, angular to sub-angular, mica-
ceous with coarse biotite and muscovite books,
slightly glauconitic, loose to consolidated by
silt, clay, and calcite.

Silt, light-gray to dark-yellowish-orange to mod- 2111
erate-reddish-orange to moderate-reddish-brown,
very clayey variegated, very sandy with imbedded
quartz grains, very micaceous, glauconitic near
top, tough, granular texture, slightly calcareous.

Silt, grayish-yellow-green to dark-yellowish-orange 2133
to moderate-reddish-orange to moderate-reddish-
brown, very clayey, very sandy with imbedded quartz
grains up to granule size, very finely micaceous
with biotite and muscovite, thin interbeds of light-
gray very fine-grained, clayey, silty consolidated sand.

~26-

To

2019

2029

2040

2050

2074

2090

2111

2133

2163



Lithology

Silt as above except slightly more clayey and
slightly to moderately calcareous,

Silt as above except less sandy and contains thin
interbeds of moderate-red silty clay,

Silty clay to clayey silt, moderate-reddish-brown
to grayish-red-purple to grayish-yellow-green
to pale-reddish-brown, slightly sandy with
imbedded quartz grains, very micaceous with both
biotite and muscovite, calcareous, contains pods
of glauconite in the siltier zonmes.

Clayey silt as above grading into sand, very light-
gray, very fine- to medium-grained, clayey,
poorly sorted, angular to sub-angular, mica-
ceous with biotite and muscovite, consolidated
with calcareous and clayey cement, poor porosity.

Sand, light-brownish-gray, very fine-grained to
granules (averaging coarse-grained) very silty,
clayey, poorly sorted, angular to sub-angular,
loose to consolidated, micaceous, fair porosity.

Sand, light-brownish-gray, very fine-grained to
pebbles (average very coarse-grained), silty,
clayey, poorly to moderately sorted, angular
to subrounded, loose to consolidated by white
clay matrix, slightly calcareous, biotite and
muscovite where consolidated, quartz clear to
frosted to polished, fair to good porosity.

Samples predominantly caved material. See core
descriptions for samples in this zone.

Sand, light-olive-gray, very fine- to coarst-grained
(averages medium-grained), very silty, clayey,
moderately sorted, angular to sub-angular, mica-
ceous, loose, fair porosity with interbeds of
sandy silt, light-brownish-gray, very clayey,
slightly calcareous, biotite and muscovite.

Sand, light-olive-gray, very fine-grained to granules
(averages + medium-grained), very silty, clayey,
poorly sorted, angular to sub-angular, 'dirty",
micaceous, slightly calcareous, poor porosity.
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Depth in feet

From

2163

2180

2200

2224

2254

2264

2315

2404

2414

To

2180

2200

2224

2254

2264

2315

2404

2414

2436



Lithology

Sandy silt, light-olive-gray, imbedded sand grains
up to granules, very clayey, calcareous and
clayey cement, micaceous with biotite and mus-
covite,

Sand, light-olive-gray, very fine- to very coarse-
grained (averages coarse-grained) clean, mod-
erately sorted, angular to sub-angular, slightly
micaceous with biotite and muscovite, fair to
good porosity.

Sand, light-olive-gray, very fine-grained to granules
(averages + coarse-grained) clean, moderately
well sorted, angular to sub-angular, slightly
micaceous, quartz clear to frosted, loose, good
porosity.

Sand as above with thin interbed of consolidated
fairly friable sand cemented by silt and calcite,
slightly glauconitic, fair to poor porosity.

Sand, light-olive-gray, very fine-grained to granules
(averages + coarse-grained) clean, well sorted,
angular to subrounded, 1odse, micaceous, quartz
clear to frosted to slightly polished, good
porosity.

Sand as above grading into silty sand, light-olive-
gray, clayey, becoming consolidated by clay and
calcite cement, fair to poor porosity.

Silty clay to clayey silt, light-gray to light-
greenish-gray, slightly sandy, micaceous, tough,
brittle, granular texture. (Samples have a lot
of caved material.)

Silty clay, medium-light-gray to light-greenish-gray
to light-gray, silty, very micaceous, tough,
brittle.

Circulated one hour - Silty clay as above but also
contains white chert, grayish-black dense sili-
ceous pebbles that look like "jasper".

Samples were interpreted and lagged to fit‘drilling
time and electric logs where necessary.

~28-

Depth in feet

From

2436

2446

2455

2496

2506

2526

2536

2556

2587

Total Depth:

To

2446

2455

2496

2506

2526

2536

2556

2587

2587
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Taﬁle'2;4: Chemlcal analyses of water from Test Well 1 and Clty of Norfolk filter plant Norfolk Va. y
ST | (Analyses by Uv S GEOloglcal Survey _Results 1n parts per mllllon) l
. PR B Fo o F ' i e RS RN EREUERE ~ Hardness Specific '
: Depth Interval | . D . o _ - Manga- 3 - . : L Magne- St?on— L POFaS— A@mpnla‘Blcar- ’ - | Fluo- - S o L Dissolved as CaCOj - conduct-~ |- . Sul-
Well - (feet below | Date of Silica [Alumi=: Iron nese Copper Lead Zinc _ Calc1um sium ‘tlug 7 Sodium sium [nitro- .ponate|Sulfate Chloride | ride | Bromide |Iodide |Nitrite ’NitrateEhosphate Boron solids ’ = ance ‘Field Density fides
: land surface) Collection , (SiOz) num ¢ (Fe) (Mn) (Cq) (Pb) (Pb) - (Ca) (Mg) (Sr) (Na) (K) ge§H4 (HCD3) (504) -~ (c) ‘(F)v (Br) | (1) (NOZ), ‘(NOB) (Poé) (B) (residue | Calcium, Non (micro- ?H (asH,S)
7 - » , : (as - = T : Co at 180°C mag- carbon- mhos at - 2
. . ' nesium |  ate 25°0)
: Tes£ Well 1 848-868 01-24-68 12.0 0.1 .14 '0.03 0.01 }£0.1 0.03 "1Q _ 6,9 0.2 818 23 2.4 Af 681 102 964 1.9 3.7 0.4 0.00 0.7 | 0.15 3.0 2,300 54 | 0 3,900 1 7.8 0.99548 0.0
: e — : : : | ; : — o | | o | . : ‘
| Test Well 1 943-963 01-22-68 13 1 .96 A 02 | ¢ .1 .04 15 10 .5 1,110 26 3.1 668 137 |© 1,380 1.3 4.9 4 | w00 | 1.2 .15 4.0 2,950 79 0 5,080 7:82 |  .99576 .0
o [’”"ﬁf? | | | - L - - | |
| : . B v b 3 . ) o : . .
' Test Well 1 |{ 1,037-1,057 01-22-68 14 .0 .08 .05 02 | ¢ .1 .05 20 13 .7 1,290 27 3.4 | 616 - 140 . 1,680 1.1 6.5 b .00 1.0 .02 4.1 3,440 101 0 5,940 7.79 .99700 .0
: i ) Ty . . . B
B g . o - z »
_Test Well 1 || 1,255-1,277 01-20-68 24 .3 1.2 .22 .08 .1 .09 105 58 .8 2,620 52 5.3 - 416 242 4,200 .5 16. .8 .00 1.6 ,01 5.4 7,630 499 154 12,600 7.42 .99987 .0
g ‘ ; ¥ { : - : : v : - c
E ] ~ | | . : : I ' | - i | | : ' :
| Test Well 1 } 1,614-1,634 01-17-68 23 1.1 .| 14 1.3 .10 .1 .20 480 | 209 12, 5,280 87 5.7 k217 410 9,560 4 34, 2.1 .00 2.5 04 5.6 17,200 | 2,070 1,890 26,400 6.93 1.004 .0
 Test Well 1 f 2,370-2, 391 '12-18-67 54 4.1 16 11 .12 .3 .20 2,660 | 854 66. 12,600 124 4.7 1 50 1,020 26,000 .5 98. 3.7 .05 1.1 .06 4.9 45,100 10,280 10,200 61,300 7.13 1.024 .0
Test Well 1 ( 2,499-2,520  12-16-67 12 4.5 16 13 .13 4 .22 2,940 ;'846f 73, 12,800 123 5?7, 133 1,050 26,900 o5 100. 3.7 .01 1.1 100 ANA 47,700 10,900 10;900 63,800 6.4 1.024 .0
| Test Well 1 ‘\- oo 960 > 02-21-68 14 1. .05 .05 .01 £ .1 .04 14 8.0 .5 1,045 25 3.2 §f63o 135 1,280 1.5 4.7 .1 .01 .6 16 3.8 2,820 68 0 4,840 8.4 .0
; N " - R : = y ‘
; N . i ‘ . . . .
_City Water 12-01-67 4.2 3. .03 ° .00 .00 | £.1 .00 26 3.3 .1 19 2.2 :30 ;5554 - 36 22 1.1 .3 .0 .00 .3 .00 14 152 78 26 258 7.8 .0
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