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CONVERSION FACTORS

For use of those readers who may prefer to use metric units rather 
than inch-pound units, the conversion factors for the terms used in this 
report are listed below:

Multiply inch-pound units

inch (in.)
foot (ft)
mile (mi)
square mile (mi2 )
cubic foot per second

(ft 3 /s) 
pound (Ib)

By To obtain metric units

25.4 millimeter (mm)
.3048 meter (m)

1.609 kilometer (km)
2.590 square kilometer (km2 )
.02832 cubic meter per second

	(m3 /s) 
.4536 kilogram (kg)

************************************

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geodetic 
datum derived from a general adjustment of the first-order level nets of 
both the United States and Canada, formerly called "mean sea level." 
NGVD of 1929 is referred to as sea level in the text of this report.

VII



DATA ON SUBSURFACE STORAGE OF LIQUID 
WASTE NEAR PENSACOLA, FLORIDA, 1963-1980

By Robert W. Hull and J. B. Martin 

ABSTRACT

Since 1963, when industrial waste was first injected into the subsurface 
in northwest Florida, considerable data have been collected relating to the 
geochemistry of subsurface waste storage. This report presents hydrogeologic 
data on two subsurface storage systems near Pensacola, Florida, both of which 
inject liquid industrial waste through deep wells into a saline aquifer. 
Injection sites are described, including details of injection and testing; 
geologic data from cores and grab samples; graphs of injection rates, volume, 
pressure, and water levels; and chemical and physical data from water-quality 
samples collected from injection and monitor wells.

INTRODUCTION

Since 1963, when industrial liquid-waste was first injected into the 
subsurface near Pensacola, Fla., considerable data have been collected rela­ 
ting to the geochemistry of subsurface waste storage. The purpose of this 
report is to present the hydrogeologic data collected through June 30, 1980, 
at two subsurface storage systems, both of which inject acidic, liquid indus­ 
trial waste into a saline aquifer through deep wells. To prevent interruption 
of text, tables 5-31 have been placed after "Selected References," beginning 
on page 28.

The report has been prepared as part of a U.S. Geological Survey nation­ 
wide program to study the feasibility and effects of deep well methods of 
subsurface storage. The first system, which began injection in 1963, is 
operated by the Monsanto Company and is herein referred to as injection 
site 1. The second system, which began injection in 1975, is operated by the 
American Cyanamid Company and is referred to as injection site 2. Data from 
three regional monitor wells, several miles from the industrial sites, are 
also presented. Figure 1 shows the locations of the industrial injection 
sites and the regional monitor wells.

Previous work related to subsurface waste storage includes: Batz, 1964; 
Dean, 1965; Barraclough, 1966; Goolsby, 1971; 1972; Foster and Goolsby, 1972; 
Kaufman, 1973; Puri and others, 1973; Faulkner and Pascale, 1975; Willis and 
others, 1975; Pascale, 1976; Elkan and Horvath, 1977; Warner and Lehr, 1977; 
Ehrlich and others, 1979; Miller, 1979; Vecchioli, 1979; Vecchioli and others, 
1980; and Vecchioli and others, 1979. Data reports produced by the U.S. Geo­ 
logical Survey are as follows: Pascale, 1975; 1976; Pascale and Martin, 1977; 
1978a; and 1978b. Although much of the hydrogeologic data related to indus­ 
trial waste injection in northwest Florida have been published, many of these 
publications are out of print or otherwise inaccessible. In order to assemble 
all pertinent data, several previously published tables are also included.

1
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DESCRIPTION OF INJECTION SITES 

Monsanto Company, Injection Site 1

The Monsanto Company facilities, injection site 1, located 13 miles north 
of Pensacola (fig. 1) comprise one of the world's largest wholly unified nylon 
plants.. Complex organic and inorganic acid wastes from several process waste 
streams from the textile, chemical, and research operations are composited in 
a holding pond before being injected, untreated, into the subsurface. These 
wastes have variable characteristics but generally contain such constituents 
as organic monobasic and dibasic acids, nitric acid, ammonia, adiponitrile, 
hexamethylenediamine, sodium hydroxide, sodium carbonate, alcohols, and 
ketones (Batz, 1964, p. 87).

The waste-storage injection system which became operational in 1963 
currently consists of two injection wells, A and B; two injection-zone monitor 
wells, north and south; and one upper-zone monitor well, shallow (fig. 1). A 
third injection-zone monitor well, deep, was plugged with cement in 1969. A 
third injection well, C, is scheduled for construction during 1982 (fig. 1).

Schematic profiles of wells for injection site 1 are shown in figure 2, 
with specific details are given in table 1. For protection against corrosion, 
the bottom 20 feet of casing of all injection-zone wells is stainless steel, 
as is the entire inner liner of each injection well. The A and B injection 
wells and the plugged deep monitor well are located at the apices of an 
equilateral triangle (fig. 1), 1,300 feet on a side. The shallow monitor well 
is about 100 feet northeast of the A injection well. The north and south 
monitor wells are located 1.9 and 1.5 miles in their respective directions 
from the midpoint between the A and B injection wells (fig. 1 and 2). The 
proposed injection well, C, is planned to be constructed 1,600 feet northeast 
of the A injection well on a line with the A and B wells. Of particular note 
are the sampling tubes installed to sample the middle of the suspected zone of 
waste-fluid movement at the north and south monitor wells, and the tube in the 
shallow monitor well installed to sample the lowermost part of the upper zone.

Waste is injected into the lower limestone of the Floridan aquifer 
(fig. 2), 359 feet thick at the A injection well. The limestone is confined 
by 219 feet of the Bucatunna Clay member of the Byram Formation. Immediately 
overlying the clay is the upper limestone of the Floridan aquifer, the zone 
monitored by the shallow monitor well. More detailed discussion of the 
hydrogeology of the area can be found in Puri and others (1973) and Faulkner 
and Pascale (1975).

American Cyanamid Company, Injection Site 2

The American Cyanamid Company, injection site 2, located 12 miles north­ 
east of Pensacola (fig. 1), is an acrylic fiber plant. Acidic organic-waste 
streams from this plant feed a small holding pond where they are composited 
and aerated. The wastes are pumped from the pond and neutralized with sodium 
hydroxide to a pH of about 5.5. Alum is then added to flocculate the sus­ 
pended solids and the wastes are clarified by filtration through mixed-media 
filters during which hydrogen peroxide is added to inhibit bacterial 
filter-caking.
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The organic wastes are relatively consistent and the composition of the 
injection waste does not vary significantly. The treated waste contains 
various organic compounds, including acrylonitrile, as well as sodium 
nitrate, sodium sulfate, and sodium thiocyanate.

The injection system, which became fully operational in 1975, currently 
consists of two injection wells, primary and standby. The standby well has, 
to date (1982), been used only for monitoring. There are two injection-zone 
monitor wells, deep-test and north, and one upper-zone monitor well, shallow 
(fig. 1).

Schematic profiles of wells at injection site 2 are as shown in 
figure 3, and specific details are given in table 2. For protection against 
corrosion, the bottom 20 feet of casing of all injection-zone wells is 
stainless steel, as is the entire inner liner of each injection well. The 
wells are located with reference to the primary injection well (also 
referred to as injection well 1): shallow monitor, 28 feet northeast; deep- 
test, 1,025 feet southwest; standby injection, 1,560 feet south; and north 
monitor, 1.55 miles northeast. As with site 1, sampling tubes are used to 
monitor the injection zone. In the deep-test and north wells, polyvinyl- 
chloride (PVC) pipe is used for the tubes, except for the bottom 20 feet 
which is stainless steel. Since water level in the shallow monitor well is 
below land surface, a submersible pump permanently attached to a half-inch 
pipe at a depth of about 160 feet is used for sampling. There is no 
sampling tube attached below the pump.

Waste injection at site 2 is into the lower limestone of the Floridan 
aquifer (fig. 3); however, the injection wells only penetrate about 190 feet 
into the limestone. The injection zone is underlain by shale and clay and 
confined above by 200 feet of the Bucatunna Clay member of the Byram Forma­ 
tion. The shallow well serves to monitor water level and water quality in 
the upper limestone of the Floridan aquifer immediately overlying the 
Bucatunna, near the primary injection well. More detailed discussions of 
the hydrogeology of the area can be found in Puri and others (1973) and 
Faulkner and Pascale (1975).

DESCRIPTION OF REGIONAL MONITOR WELL SYSTEM

Three wells open only to the injection-zone of the lower limestone of 
the Floridan aquifer have been selected to provide data for a regional 
evaluation of the effects of subsurface waste injection. These wells, 
located several miles from the injection systems (fig. 1), are far enough 
away to detect the regional pressure effects from the two injection sites.

Pvegional monitor wells 1 and 2 were constructed by the U.S. Geological 
Survey 22 railes east and 17 miles northeast, respectively, of injection 
site 1 (Pascale, 1976). Regional monitor 1 is on Eglin Air Force Base 
property near Holley. Regional monitor 2 is on Whiting Field Naval Air 
Station property inside the east gate. Regional monitor 3 is 33 miles 
northeast of injection site 1. It is an abandoned Florida State Division of 
Forestry supply well for the Camp Henderson Fire Tower; the fire tower was 
removed several years ago. Specific data on the construction of these wells 
are given in table 3.
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INJECTION AND TESTING SUMMARY

Over the several years that injection sites 1 and 2 have been opera­ 
tional, some modifications have been made to the wastes and wells, and 
many tests have been made to detect changes in the system. Wells used for 
monitoring were constructed several years apart and were sometimes modi­ 
fied after construction. An example of this was the addition of sampling 
tubes in the injection-site monitor wells. Tables 1, 2, and 3 show the 
specific information on depth, size, and date of construction of these 
wells.

At injection site 1, the injection and testing has covered 18 years 
with many changes. Since mid-1963 when injection began, the waste charac­ 
teristics have changed several times with potentially significant effects 
on the ultimate fate in the subsurface. Table 4 chronologically shows the 
major changes. One of the most dramatic of these took place in April 1968 
when the waste was no longer neutralized prior to injection. At this time 
the company added additional process fluids described as "aqueous mother 
liquor" which added significant quantities of nitric acid, lowering the pH 
substantially. Backflush tests of the injection wells were performed to 
look at chemical changes with increasing aquifer residence time. The last 
of these backflush tests were performed in November 1971. In 1968, 
250 pounds of lithium chloride were added to the B injection well to use 
in a flow rate study with the deep monitor well. The four on-site monitor 
wells at injection site 1 were constructed or modified as follows:

August 1963 Deep and shallow monitor wells constructed
February 1969 Deep well plugged with cement
December 1969 South monitor well constructed
February 1970 North monitor well constructed

No tabulation was prepared for injection site 2 since the wastes have 
maintained consistent characteristics; the same is true for the regional 
monitor wells.

GEOLOGIC DATA

Lithologic logs for injection well A, and the south and north monitor 
wells at injection site 1, are shown in tables 5, 6, and 7, respectively, 
and are taken from Foster and Goolsby (1972, p. 19-21, 15-16, and 17-18). 
Table 8 is a listing of all geophysical logs for all of the wells at 
injection site 1 showing the date, interval, and source of the logs if 
other than the U.S. Geological Survey. Table 9 is a partial chemical 
analysis of geologic samples from injection well A for the respective 
depth intervals (from Goolsby, 1972, p. 362).

The lithologic log shown in table 10 for the standby injection well 
at injection site 2 is taken from Pascale (1975, p. 14-16). Table 11 
lists geophysical logs of wells at this site showing the date, interval, 
and source if other than the U.S. Geological Survey. Table 12 shows the 
results of mineralogic and cation-exchange capacity analyses from cored 
samples from the primary injection well.
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Table 4. Injection and testing summary at injection site 1

Year
Date

mo. d. Injected waste
Injection

"A"
wells

"B"

1963

1964

1965

1967

1968

03
07   Untreated at pH 

4.5 or less
    Partly neutralized 

with ammonium hy­ 
droxide (NH OH) 
to pH 5.0-5.5 and 
sand filtered

08
07   No longer sand 

filtered
11 03

12 12

12 15

02 29

Constructed
Begin injection

Aquifer test   
3-1/2 days

Constructed
Begin injection

Aquifer test   3 days

Backflush test   
1 day
Backflush test   
3 hours

Backflush test   
1 day

04 05 No longer neutral­ 
ized, pILnow 2.0- 
3.5, AML now added

1969

1971

04 24

05 07

07 18

10 02

01 17

01 22

02 19

11

Backflush test   
3 hours
Backflush test   
5 hours

Backflush test   
6 hours
Backflush test   
6 hours
Aquifer test   
5 days
Backflush test   
5 hours
Backflush test   
2-1/2 hours
Backflush test   
100 hours

250 Ibs. lithium 
chloride (LiCl) 
tracer added

Aqueous Mother _Liquor, described in text.
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Lithologic logs for regional monitor veils 1 and 2 are shown in 
tables 13 and 14 and are from Pascale (1976, p. 16-20 and 21-25). 
Table 15 lists geophysical logs of the regional monitor wells showing 
the date, interval, and source if other than the U.S. Geological Survey. 
Table 16 shows the results of mineralogic and cation-exchange capacity 
analyses from cored samples from regional monitor wells 1 and 2 
(Pascale, 1976, p. 29).

HYDROLOGIC DATA

Graphs of pertinent data for injection site 1 are shown in fig­ 
ures 4 and 5. Figure 4A shows the monthly average wellhead pressure in 
pounds per square inch for injection wells A and B. The combined 
monthly average injection rate in gallons per minute is shown in fig­ 
ure 4B, and the cumulative volume of waste injected through wells A and 
B in billions of gallons is shown in figure 4C* The head expressed as 
altitude in feet above sea level is shown in figure 5A for the north and 
south monitor wells and in figure 5B for the shallow monitor.

Graphs of pertinent data for injection site 2 are shown in fig­ 
ures 6 and 7. Figure 6A shows the monthly average wellhead pressure in 
pounds per square inch for injection well 1 (primary injection well). 
The monthly average injection rate in gallons per minute is shown in 
figure 6B. This rate is based on a 24 hour daily average even though 
injection may occur for only part of this time. The cumulative volume 
of waste injected in millions of gallons is shown in figure 6C. The 
head expressed as altitude in feet above sea level is shown in figure 7A 
for the deep test, standby injection, and north monitor wells and in 
figure 7B for the shallow monitor well.

Water-level data for the regional monitor wells are shown in 
figure 8. The head expressed as altitude in feet above sea level is 
shown for regional monitor wells 1, 2, and 3 for their periods of 
record.

Figures 9 and 10 are schematic diagrams of flow velocity and depth 
interval chemical data for the south and north monitor wells, respec­ 
tively, at injection site 1 (from Foster and Goolsby, 1972, p. 27-28).
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SAMPLE PREPARATION METHODS AND HISTORY OF 
INJECTION-SITE WATER-QUALITY MONITORING

The methodology of collection and analysis has undergone systematic 
changes since the Survey began water-quality monitoring. Increased 
analytical workloads and advances in technology have resulted in auto­ 
mated procedures for most commonly analyzed constituents. A general 
bibliography summarizing the methods of sample collection and analysis 
used by the U.S. Geological Survey is as follows:

Year Author(s)

1960 Rainwater and Thatcher

1964 Schultz

1969 Hinkle and Learned

1970 Brown and others

1971 Barnett and Mallory

1972 Goerlitz and Brown

1976 American Public Health 
Association and others

1976 Fishman and Brown

1976 Wood

Subject

Methods for the collection and analysis 
of water samples

Quantitative interpretation of mineral- 
ogical composition from x-ray and 
chemical data for the Pierre Shale

Determination of mercury in natural 
waters by collection of silver screens

Methods for the collection and analysis 
of water samples for dissolved minerals 
and gases

Determination of minor elements in 
water by emission spectroscopy

Methods for the analysis of organic 
substances in water

Standard methods for the examination 
of water and wastewater, 14th edition 
(most recent)

Selected methods of the U.S. Geological 
Survey for the analysis of wastewater

Guidelines for the collection and field 
analysis of ground-water samples for 
selected unstable constituents

1977 Greeson and others

1979 Skougstad and others

Methods for the collection and analysis 
of aquatic biological and microbio­ 
logical samples

Methods for the determination of 
inorganic substances in water and 
fluvial sediments
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A brief history of selected changes in field methods of collection 
and sample changes is given below for the Atlanta Central Laboratory, 
which began analyzing samples collected for the subsurface waste-storage 
program in 1973 (Berwyn Jones, written commun., July 16, 1980), and for 
the Quality of Water Service Unit in Ocala (R. T. Kirkland, written 
commun., April 17, 1980; June 2, 1980).

Atlanta Central Laboratory

Approximate time 
___of change Constituent(s) and remarks

April 1974 

May 1974

Dec. 1974

June 1975

    1976

Sept. 1976

    1977 

May 1977 

Jan. 1978 

Feb. 1979

April 1979 

June 1979

Ca and Mg by autoanalyzer (colorimetric method)

Trace metal digestion no longer with NaOH neutrali­ 
zation

Buffered as opposed to titrated pH adjustments in 
chelation extraction for Cd, Co, Ca, Ni, and Pb

NH, now by salicilate method and block digestion

Kjeldahl nitrogen now automated colorimetric and 
block digested no longer distilled

New spectometer on line for Mn, Zn, Al, Be, Ba, 
Cr, Sr, and Mo

Cyanide now automated

Ca and Mg below 15 mg/L now analyzed manually

Ca and Mg now all run manually

Inductive coupled plasma spectrophotometer now used 
at laboratory option to analyze Ca, Mg, Na, Fe, Mn, 
Sr, and SiO

DOC now by autoanalyzer

Inductive coupled plasma spectrophotometer now used 
at laboratory option to analyze Ba, Be, Cd, Co, Cu, 
Li, Mo, Pb, V, and Zn
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Qcala Quality of Water Service Unit

Approximate time
___of change _________Constituent (s) and remarks____________

    1970 NH, and organic nitrogen no longer distilled and 
autoanalyzer method now used

    1970 Autoanalyzer N0_ now by cadmium reduction

    1970 Mercurimetric method now used for chloride

    1971 Major ions still analyzed by atomic adsorption but 
now filtered and acidified

Nov. 1974 Turbidimetric method now used on SO, for these sites 
only because of interferences in the Mohr method

Jan. 1979 COD now automated titrimetric method 

May 1979 COD now treated with H2S04

Additional information concerning laboratory operations and analyt­ 
ical techniques may be found in reports by Durham (1978) and Booth 
(1978).

Application of these sampling and analytical method changes can be 
found in tables 17 and 18, monitoring logs for injection sites 1 and 2, 
respectively. The logs describe the initial conditions of sampling and 
show to which laboratory the samples were sent; subsequent changes in 
sampling procedures follow. Information such as purge time (PT), amount 
of time the well is allowed to flow before sampling, and date when 
sampling was changed from a casing sample to a sampling tube are neces­ 
sary for the interpretation of water-quality data. Information within 
parentheses describes a one-time-only situation. That is, prior condi­ 
tions continue to exist in subsequent sampling. Footnotes at the end of 
the tables name the laboratory performing the selected analyses.

No monitoring logs are presented for the regional monitor wells 
since the water-quality sampling was infrequent over a period of several 
years.

CHEMICAL AND PHYSICAL DATA 

Industrial Wastes

Samples of the industrial waste fluids have been collected prior to 
injection since water-quality sampling began at the injection sites. 
Although waste characteristics at site 1 have been quite variable over 
time, samples have been collected periodically to determine the general 
characteristics of the waste. Table 19 shows the chemical analyses of 
the waste at site 1 collected from a tap about 200 feet south of the 
injection well A on the pipeline from the holding pond to the injection 
well system.
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Waste samples from injection site 2 have also been collected since 
the plant began operating; results of the chemical analyses are shown in 
table 20. These samples were collected from a tap on the north side of 
the wellhead of the primary injection well.

Wastewater Backflush

At both injection sites the injecting wells have been backflushed 
(reverse-flow) one or more times to examine the changes in chemical 
characteristics relating to fluid waste storage in the subsurface. 
Ehrlich and others (1979), discuss the results of one of these backflush 
tests at injection site 2. Backflush test data are given in tables 21 
and 22 for injection wells at sites 1 and 2, respectively.

Injection-Site Monitor Wells

Fluid samples from the monitor wells have been routinely collected 
since about 1970 at injection site 1 and since 1975 at injection site 2. 
Water-quality analyses of samples from injection site 1 are in table 23, 
and dissolved gas analyses are in table 24. Similar analyses of samples 
from injection site 2 are in tables 25 and 26.

Regional Monitor Wells

Periodic water-quality sampling has been carried out at the three 
regional monitor wells to examine long-term changes in chemical quality 
from background or natural conditions. The chemical analyses are in 
table 27, and dissolved gas analyses are in table 28.

Bacteriological and Organic Data

Due to the organic nature of the injected waste and the presence of 
bacteria in the subsurface, samples were analyzed for various bacteria. 
Methodologies for collection were developed by Ehrlich (1972) and 
collection of samples began in 1976. The results of the bacterial 
analyses are given in tables 29 and 30. Table 29 shows the results for 
injection site 1; table 30 shows the results for injection site 2 for 
samples collected from the industrial waste, from bacterial growth 
around the injection wellhead, and from monitor wells at injection 
site 2.

An intensive study of the backflush at injection site 2 in Sep­ 
tember of 1977 required collection of samples for organic analysis to 
study samples for the type and extent of waste degradation. The data 
are given in table 31.
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Table 5. Lithologic log of injection well A at injection site 1, 
station number 303537087145601

[From Foster and Goolsby, 1972, p. 19-21]

Thickness Depth 
Lithology (feet) (feet)

Sand, light brown, quartz, very fine to very coarse; tan
to orange clay; black organic material 20.0 20.0

Sand, tan to white, quartz, medium to very coarse,
frosted; orange clay coating some grains 20.0 40.0

Sand, tan to white, quartz, fine to granule, frosted; tan 
to orange clay coating grains; few black phosphorite 
granules 57.0 97.0

Sand, light gray, very fine to coarse, quartz; clay, 35 
percent, light gray; mica; black phosphorite grains; 
limonite fragments 22.0 119.0

Sand, light gray, fine to coarse, quartz, frosted; clay
20 percent, white; heavy mineral 23.0 142.0

Sand, tan, fine to coarse, quartz, frosted; clay, orange
to white; black phosphorite; mica; heavy mineral 22.0 164.0

Same as above. 60 percent coarse to very coarse sand 53.0 217.0

Sand, light gray, quartz, very fine to coarse, frosted; 
clay, light gray, coating sand grains; black 
phosphorite; heavy mineral; mica 15.0 232.0

Same as above. Some coarse sand; increased clay 22.0 254.0

Sand, white, quartz, very fine to coarse, frosted; black
phosphorite grains 23.0 277.0

Same as above. Some white clay 24.0 301.0 

Same as above. Sand coarse to very coarse 20.0 321.0

Sand, light gray to white, quartz, very fine to granule, 
frosted; clay, light gray to white; black phosphorite; 
black carbonaceous material 23.0 344.0

Same as above. Fine to coarse sand 22.0 366.0
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Table 5. Lithologic log of injection well A at injection site 1, 
station number 303537087145601 -Continued

Thickness Depth 
Lithology (feet) (feet)

Sand, light gray, quartz, medium to granule, frosted; 
clay, light gray, coating sand grains; granule 
size black phosphorite

Same as above. Some shell

Sand, gray, quartz, very fine to very coarse, frosted; 
shell, abundant; clay, gray; black phosphorite; mica

Same as above. Less shell

Sand, light gray, quartz, fine to medium; clay, gray; few 
shell; mica; fine black phosphorite

Same as above. Wood fragments

Same as above. Increased wood fragments

Sand, light gray, quartz, fine to coarse, frosted; few 
shells; mica; fine black phosphorite

Clay, gray; sand, fine to coarse, 20 percent of sample

Same as above. Few shells

Sand, light gray, quartz, very fine to medium, frosted; 
clay, light gray; fine black phosphorite

Same as above. Some very coarse sand; clay, gray

Same as above. Few shell

Same as above. Increase in very fine sand

Same as above. Mica flakes

Same as above. Few f oraminif ers; increase fine black 
phosphorite

Clay, gray; sand, fine to coarse; shell, abundant

10.0

11.0

25.0

23.0

22.0

22.0

46.0

44.0

24.0

21.0

23.0

46.0

69.0

22.0

21.0

68.0

45.0

376.0

387.0

412.0

435.0

457.0

479.0

525.0

569.0

593.0

614.0

637.0

683.0

772.0

794.0

815.0

883.0

928.0
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Table 5. Lithologic log of injection well A at injection site I, 
station number 303537087145601 Continued

Thickness Depth 
Lithology (feet) (feet)

Sand, light gray, quartz, fine to coarse, frosted;
limestone, white; shell; some clay v 23.0 951.0

Limestone, gray to white, fine crystalline; sand, fine
to coarse; shell; foraminifers 21.0 972.0

Sand, light gray, quartz, fine to medium; limestone,
white to gray; shell; foraminifers 16.0 988.0

Limestone, light gray to tan, fine crystalline; some
sand; shell; foraminifers; black phosphorite 31.0 1,019.0

Same as above. Some brown crystalline dolomitic
limestone 24.0 1,043.0

Limestone, light gray to white, fine crystalline; few
sand grains; foraminifers; pyrrhotite grains 29.0 1,072.0

Limestone, dolomitic, brown, crystalline; few shells 32.0 1,104.0

Limestone, white, crystalline; some foraminifera; few
sand grains; some shells 29.0 1,133.0

Sand, white, quartz, very fine to fine; limestone, white;
few foraminifers 22.0 1,155.0

Clay, gray; sand, fine to very coarse; mica; pyrrhotite;
some shells 77.0 1,232.0

Clay, gray, dense; few sand grains 138.0 1,370.0

Limestone, white to light gray, finely crystalline; clay,
gray; few sand grains 20.0 1,390.0

Limestone, white to light gray, fine grained to dense,
gray color from glauconite or phosphorite; some shells 26.0 1,416.0

Same as above. Some foraminifers 23.0 1,439.0 

Same as above. Abundant foraminifers 23.0 1,462.0
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Table 5. Lithologic log of injection well A at injection site 1, 
station number 303537087145601 Continued

Thickness Depth 
Lithology (feet) (feet)

Limestone, white, dense to fine crystalline; foraminifers;
shells; some black phosphorite or glauconite particles 23.0 1,485.0

Same as above. Pyrrhotite flakes 55.0 1,540.0

Limestone, white, fine crystalline, 70 percent calcite 
crystal structure; abundant green glauconite; shells; 
foraminifers 29.0 1,569.0

Limestone, white, finely crystalline; abundant
foraminifers, 60 percent; green glauconite; shells;
some sand grains 41.0 1,610.0

Sand, white, quartz, very fine to medium; limestone, 40 
percent, white, finely crystalline; green glauconite; 
foraminifers; shell 23.0 1,643.0

Limestone, light gray, finely crystalline; sand, quartz, 30.0 1,673.0 
15 percent; few foraminifers; green glauconite

Same as above. Increased foraminifers 27.0 1,700.0

Clay, greenishgray, calcareous, dense; limestone
fragments; foraminifers; green glauconite 83.0 1,783.0

Same as above. Few quartz sand grains 25.0 1,808.0
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Table 6. Lithologic log of south monitor well at injection site 1, 
station number 303417087141701

[From Foster and Goolsby, 1972, p. 15-16]

Thickness Depth 
Lithology (feet) (feet)

Sand, white to orange, quartz, very fine to clay, white 
and orange; few heavy mineral grains

Same as above. Fragments limonite

Same as above. White kaolinitic clay

Sand, white to yellow, quartz, very fine to granule, 
frosted; clay, white and yellow; limonite

Same as above. Orange clay. Increased granule size of 
sand

Sand, tan to pink, quartz, medium to 60 percent granule; 
clay, 40 percent white, yellow, and lavender; black 
heavy mineral

Clay, tan to lavender, 70 percent; sand, 30 percent

12.0

10.0

10.0

6.0

10.0

28.5

25.0

12.0

22.0

32.0

38.0

48.0

76.5

101.5

Clay, gray, some white and red streaks; some sand, very
fine to medium; mica 6.0 107.5

Sand, gray, medium to very coarse, quartz; clay, gray to
white, 20 percent; black organic material 6.5 114.0

Same as above. Less clay; grains of heavy minerals 23.1 137.1 

Same as above. Limonite grains 23.0 160.1

Sand, white to gray, quartz, fine to granule; some clay,
black phosphorite 22.9 183.0

Same as above. 75 percent fine to medium sand 16.0 199.0

Clay, light gray, 60 percent; sand, 40 percent, fine to
coarse, few granules 30.0 229.0

Sand, gray, quartz, fine to coarse; clay, 20 percent,
gray; black phosphorite 23.0 252.0
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Tab1e 6. Lithologic log of south monitor well at Injection site 1, 
station number 303417087141701 Continued

Thickness Depth 
Lithology (feet) (feet)

Sand, tan to white, quartz, fine to very coarse; 70 
percent coarse, frosted; clay, white to pink; black 
phosphorite 23.0 275.0

Sand, light gray, quartz, fine to coarse; some white clay 23.0 298.0

Sand, light gray to white, quartz, medium to very coarse;
black phosphorite 23.0 321.0

Same as above. Black phosphorite 23.1 344.1

Same as above. Less very coarse sand. Heavy mineral
fragments 23.0 367.1

Sand, gray, quartz, very fine to coarse; clay, 20
percent, gray; black phosphorite grains; mica 22.9 390.0

Same as above. Increased mica 22.9 412.9

Sand, light gray, quartz, coarse silt to medium; some 
clay; mica; heavy mineral; black phosphorite; few 
shells 22.9 435.8

Same as above. 10 percent gray clay 23.0 458.8

Clay, gray; sand, coarse silt to fine; shells; black
phosphorite; mica 68.4 527.2

Same as above. Clay, waxy, dense, bluish-gray 136.4 663.6

Sand, light gray, quartz, very fine to medium, some
coarse grains; clay, gray; black phosphorite 45.2 708.8

Same as above. Shells 44.3 753.1

Clay, gray; sand, coarse silt to medium; shells; mica;
black phosphorite 44.8 797.9

Sand as above. Increased sand 88.7 886.6

Sand, gray, quartz, fine to medium, frosted; clay, gray;
shells; black phosphorite; slightly calcareous 22.2 908.8
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Table 6. Lithologic log of south monitor well at injection site 1, 
station number 303417087141701 Continued

Thickness Depth 
Lithology (feet) (feet)

Limestone, gray; foraminifers; few sand grains; limonite
fragments; black phosphorite 22.4 931.2

Clay, gray, dense, calcareous; some sand; shells 22.1 953.3 

Limestone, white, finely crystalline; few foraminifers 44.2 997.5

Limestone, light gray, finely crystalline; shells; some
sand; black phosphorite; some clay; mica 153.6 1,151.1

Same as above. Lense of crystalline dolomitic limestone 21.0 1,172.1

Clay, gray, dense, waxy, calcareous; coarse silt; shells 110.2 1,282.3

Same as above. Limestone fragments 99.8 1,382.1

Limestone, white, finely crystalline; abundant
foraminifers; shell; green glauconite; fragments of
silty clay; magnetite fragments 33.0 1,417.1

Limestone, light gray, finely crystalline, bioclaustic;
80 percent foraminifers; green glauconite; shells 22.9 1,440.0

Limestone, white, fine grained, sandy; sand, fine to 
medium; green glauconite; black phosphorite; calcite; 
foraminifers; shell fragments 31.9 1,471.9

Same as above. Brownish dolomitic limestone fragments;
increased calcite; iron stain 124.1 1,596.0
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Table 7. Lithologic log of north monitor well at injection site 1, 
station number 303657087154301

[From Foster and Goolsby, 1972, p. 17-18]

Thickness Depth 
Lithology (feet) (feet)

Sand, white to yellow, quartz, fine to granule, frosted;
clay fragments, white to yellow; heavy mineral grains 38.4 38.4

Sand, white to tan, quartz, medium to granule, frosted;
some clay 23.0 61.4

Clay, light gray; sand, fine to coarse; grains of heavy
minerals 23.0 84.4

Clay, gray; sand; heavy mineral 23.0 107.4

Sand, light gray to tan, quartz, coarse to very coarse;
clay, gray; mica; grains of heavy minerals 27.7 135.1

Sand, white to yellow, quartz, fine to very coarse; clay,
white to orange; limonite; black phosphorite grains 23.0 158.1

Same as above. Some purple clay coating sand grains 69.0 227.1 

Same as above. Increased black phosphorite 46.0 273.1

Sand, light gray to gray, quartz, medium to granule;
clay, gray; black phosphorite granules; mica 23.0 296.1

Sand, tan to light gray, quartz, fine to coarse; shells;
few foraminifers; black phosphorite; some gray clay 23.0 319.1

Same as above. Increased gray clay 23.0 342.1 

Same as above. Increased shell 22.9 365.0

Clay, gray, silty; sand, fine to coarse; shells; black
phosphorite 22.9 387.9

Same as above. Increased clay 45.9 433.8

Clay, bluish-gray, dense, waxy; sand, fine to coarse;
black phosphorite 22.8 456.6

Same as above. Increased sand 22.8 479.4
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Table 7. Lithologic log of north monitor well at injection site 1, 
station number 303657087154301 Continued

Thickness Depth 
Lithology (feet) (feet)

Sand, light gray, quartz, very fine to medium; clay,
light gray; fine-grained black phosphorite; mica 91.1 570.5

Same as above. Increased clay 22.7 593.2

Clay, gray, waxy, silty; sand, fine to coarse; shells;
fine black phosphorite 22.6 615.8

Clay, gray, waxy, silty; few sand grains; black
phosphorite; shell 22.5 638.3

Same as above. Some sand 67.8 706.1 

Same as above. 30 percent sand 22.2 728.3

Sand, light gray, quartz, silt to coarse; clay, gray,
30 percent, waxy; some shell; fine black phosphorite 44.7 773.0

Clay, gray, calcareous; sand; shell; black phosphorite;
limestone lenses; mica 90.7 863.7

Limestone, gray, finely crystalline; some clay; silt;
sand; shells; black phosphorite 44.6 906.7

Same as above. 25 percent sand 44.2 950.9

Same as above. Increased clay 22.1 973.0

Limestone, gray, dense, hard; black phosphorite; shells 66.2 1,039.2

Same as above. Increased shells; foraminifers 22.1 1,061.3

Same as above. Lenses of brownish-gray dolomitic
limestone 22.2 1,083.5

Clay, gray, waxy, calcareous; sand; limestone 22.0 1,105.5

Sand, light gray, quartz, silt to medium, few granules;
clay, gray; black phosphorite; limestone; foraminifers 21.1 1,126.6

Same as above. Shells 21.0 1,147.6
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Table 7. Lithologic log of north monitor well at injection site 1, 
station number 303657087154301 Continued

Lithology

Clay, gray, dense, waxy; sand; limonite; limestone
fragments 132.9 1,280.5

Limestone, gray to white, finely crystalline; black
phosphorite 22.7 1,303.2

Limestone, light gray to cream; foraminifers; shells;
black phosphorite; green glauconite 38.0 1,341.2

Limestone, white, granular; green glauconite;
foraminifers; shells; black phosphorite; limonite
stains 119.7 1,460.9

Sand, white, quartz, fine; limestone fragments;
foraminifers; shell; green glauconite filling fossil
tests 60.8 1,521.7

Limestone, white; foraminifers; shells; green glauconite 2.0 1,523.7
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Table 8. Geophysical log data for injection site 1

[Depths are in feet below land surface. Geophysical logs were 
done by the U.S. Geological Survey, unless otherwise noted.]

[The use of trade names in this table is for identification only 
and does not imply endorsement by the U.S. Geological Survey.]

Injection well "A" 303537087145601

Caliper; Mechanical 01-12-77; 1,200-1,390 ft; (Micro-Gage, Inc.)

Injection well "B" 303528087150601

Caliper; Mechanical 06-22-72; 1,350-1,440 ft; (French Well Surveys, Inc.)

Mechanical (X-Y) 02-07-79; 1,300-1,550 ft; (French Well 
Surveys, Inc.)

Sonar 02-07-79; 1,415-1,555 ft; (Dowell, Inc., and French 
Well Surveys, Inc.)

Radiation; Natural Gamma 06-22-72; 0-1,440 ft; (French Well Surveys, 
Inc.)

Neutron 06-22-72; 0-1,440 ft; (French Well Surveys, Inc/> '

Shallow well 303538087145501

Caliper; Mechanical 05-09-77; 951-984 ft; (Micro-Gage, Inc.) 

Fluid conductivity; 05-09-77; 900-1,134 ft; (Micro-Gage, Inc.) 

Fluid velocity; 05-09-77; 990-1,120 ft; (Micro-Gage, Inc.) 

Radiation; Natural Gamma 05-09-77; 0-1,128 ft; (Micro-Gage, Inc.)

Neutron 05-09-77; 3-1,135 ft; (Micro-Gage, Inc.) 

Temperature; 05-09-77; 20-987 ft and 990-1,138 ft; (Micro-Gage, Inc.)
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Table 8. Geophysical log data for injection site 1 Continued

North well 303657087154301

Caliper: Mechanical 03-11-70; 1,320-1,515 ft
 05-12-77; 1,325-1,507 ft; (Micro-Gage, Inc.)

Electric; Spontaneous potential/resistivity 03-11-70; 1,324-1,514 ft

Fluid conductivity: 03-11-70; 1,300-1,513 ft
05-12-77; 1,297-1,507 ft; (Micro-Gage, Inc.)

Fluid velocity: 05-12-77; 1,276-1,504 ft; (Micro-Gage, Inc.) 

Radiation: Natural Gamma 03-11-70; 2-1,516 ft

Neutron 05-12-70; 10-1,507 ft; (Micro-Gage, Inc.)

South well 303417087141701

Caliper; Mechanical 03-10-70; 1,400-1,592 ft
 05-11-77; 1,414-1,597 ft; (Micro-Gage, Inc.)

Electric: Spontaneous potential/resistivity 03-10-70; 1,413-1,596 ft

Fluid conductivity; 03-10-70; 1,300-1,595 ft
05-11-77; 1,399-1,602 ft; (Micro Gage, Inc.)

Fluid velocity: 05-11-77; 1,428-1,600 ft; (Micro-Gage, Inc.) 

Radiation; Natural Gamma 03-10-70; 7-1,591 ft

Neutron 05-10-77; 0-1,599 ft; (Micro-Gage, Inc.) 

Temperature; 05-10-77; 0-1,596 ft
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Table 9. Chemical analyses of geologic samples from injection well A,
at injection site 1

[From Goolsby, 1972, p. 362] 

[Results in milligrams per gram of rock, except as indicated]

Depth intervals 
of sample Cal- Magne- Potas- Sodi- Manga- 

(in feet below cium sium ( sium urn nese 
land surface) (Ca) (Mg) (K) (Na) (Mn)

1,042-1 ,073 228

Upper

.9

limestone

94.7 0

of

.8

Bucatunna

1,315-1
1,336-1

1,370-1
1,390-1
1,416-1
1,439-1
1,462-1
1,485-1
1,508-1
1,540-1
1,569-1
1,610-1
1,643-1
1,673-1
1,700-1

1,725-1
1,752-1
1,783-1

,336
,370

,390
,416
,439
,462
,485
,508
,540
,569
,610
,643
,673
,700
,725

,752
,783
,808

27
41

318
374
386
365
398
383
390
296
301
227
222
308
131

177
91
92

.4

.4

Lower

.6

.3

.4

.2

.1

.2

.6

.4

.3

.0

.0

.4

.2

.4

.2

.1

4.8
4.6

2
2

limestone

9.6
7.8
5.2
5.7
5.4
4.8
5.3

44.7
4.4
6.6
8.4
5.8
12.3

7.5
3.7
3.8

1
0
0
0
0
0
0
0
0
0
0
0
4

Shale

4
3
2

.3

.4

of

.2

.7

.15

.20

.27

.17

.20

.45

.28

.33

.34

.43

.2

and

.7

.0

.8

Floridan

0.71

clay

7.5
6.8

Floridan

0.5
0.2
0.2
0.2
,0.2

-'0.2
0.2
0.2
0.3
0.2
0.2
0.6
4.6

clay

3.8
6.2
5.8

Iron 
(Fe)

CaC03 
(weight 
per­ 
cent)

aquifer

0

0
0

.21

.19

.23

5.72

7.16
7.04

57

7
10

aquifer

0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

.54

.35

.46

.34

.12

.13

.14

.14

.04

.04

.04

.06

.06

.06

.03

.03

6.71
6.62
6.50
7.30
2.90
2.23
1.42
5.28
1.81
2.68
2.93
2.73
6.56

6.90
6.22
4.28

80
94
97
91
100
96
98
74
75
57
56
77
33

44
23
23

  Estimated.
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Table 10. Lithologic log of standby injection well at injection site 2,
station number 303357087063801

[From Pascale, 1975, p. 14-16]

Thickness Depth 
Lithology (feet) (feet)

Sand, clear to orange, medium to very coarse, subangular;
sand grains encrusted with orange clay 50 50

Sand, clear to tan, fine to coarse, subangular to
subrounded, encrusted with tan clay; gravel, white to
tan, subrounded silty clay, pale red purple 10 60

Sand, frosted to tan, medium to coarse, subangular 20 80

Sand, frosted to tan, medium to coarse, subangular; 
gravel, white to pink, subrounded; clay, light 
grayish green, stained pale red purple 20 100

Sand, tan, fine to medium, subangular; black phosphorite
grains 30 130

Sand, clear to tan, medium to very coarse, subangular
to subrounded 20 150

Sand, clear to tan, fine to medium, subangular; black
phosphorite grains 100 250

Sand, clear to tan or yellow, well-sorted medium sand,
angular to subangular; black phosphorite grains 10 260

Sand, clear to tan, fine to coarse, subangular; black
phosphorite grains 30 290

Sand, clear to gray or tan, fine to coarse, subrounded;
mica flakes; black phosphorite grains 10 300

Sand, clear to tan or yellow, fine to coarse,
subrounded; phosphorite; limonite; mica flakes 150 450

Sand, clear to gray, fine to coarse, subrounded,
fossiliferous 10 460

Sand, clear to yellow or gray, mostly fine to medium, 
some coarse, subrounded; fossils abundant; mica flakes; 
(coarse sand increases with depth) 40 500

Sand, clear to gray or tan, fine to coarse, subrounded;
clay, light gray, as cement in conglomerates; fossils 10 510
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Table 10. Lithologic log of standby injection well at injection site 2, 
station number 303357087063801 Continued

Thickness Depth 
Lithology (feet) (feet)

Clay, medium to dark gray; gravel, clear to gray or 
white, subrounded; iron minerals; fossils; carbonized 
wood 10 520

Sand, clear to gray, fine to very coarse, subrounded; 
clay, light gray; gravel, clear to gray, subrounded; 
fossils; (sand gets finer with depth); mica flakes 50 570

Clay, light to medium gray, sandy, silty; sand, clear to 
orange, fine to coarse, subrounded, less than 10 
percent; fossils 10 580

Sand, clear to gray, fine to very coarse, subrounded;
clay, as cement in conglomerates, light gray; fossils 20 600

Clay, light to medium gray, sandy; sand, clear to gray, 
subrounded; gravel, clear to gray or yellow, granular 
subrounded; fossils; mica flakes 30 630

Sand, clear to tan, fine to coarse, subangular to
subrounded; fossils; phosphorite grains; mica flakes 20 650

Gravel, clear to gray or yellow, granular, subangular; 
clay, light gray, as cement in gravel conglomerates; 
fossils 10 660

Clay, light gray, sandy; sand, clear to gray, very fine 
to medium, subangular; gravel, clear to gray or 
yellow, subrounded; fossils; mica flakes 10 670

Gravel, clear to gray or yellow, granular, subangular to
subrounded; clay, light gray, sandy; fossils 20 690

Clay, light to medium gray, silty; gravel, clear to gray
or white, granular, subrounded; fossils 60 750

Clay, light to medium gray, sandy; gravel, clear to gray,
granular, subrounded; fossils 40 790

Clay, medium to dark gray, sandy, micaceous; gravel,
clear to white or gray, granular, subrounded 80 870

Limestone, argillaceous, light to medium gray 10 880 

Limestone, argillaceous, light to medium gray 50 930
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Table 10. Lithologic log of standby injection well at injection site 2, 
station number 303357087063801 Continued

Thickness Depth 
Lithology (feet) (feet)

Limestone, light to dark gray,

Limestone, light gray, sandy, 
dark gray; carbonized matter

Same as above, no clay

argillaceous; fossils

porous, micaceous; clay,

10

40

20

940

980

1,000

Dolomite, medium to dark brown, finely crystalline, 
massive; dolomite, light to medium brown, porous 
(lattice); clay, dark gray, as cement in conglomerates 20 1,020

Limestone, medium to dark gray-brown, finely
crystalline; dolomite, medium to dark brown, finely
crystalline; dolomite, light brown, porous; marl,
white, porous, sandy, micaceous 30 1,050

Dolomite, light to medium brown, coarsely crystalline; 
limestone, dark gray, finely crystalline; marl, white, 
soft, sandy 40 1,090

Dolomite, light to dark brown, finely crystalline; clay, 
dark gray, as cement in conglomerates; limestone, 
dark gray, finely crystalline; marl, soft, white, 
sandy 10 1,100

Clay, light to dark gray, sandy, calcareous; dolomite, 
light to medium brown, crystalline; limestone, light 
gray, sandy, soft, porous 10 1,110

Clay, light to medium gray, micaceous, calcareous,
contains elastics ranging from fine sands to pebbles;
iron minerals; fossils 60 1,170

Clay, medium to dark brown, calcareous; limestone, white
to tan, porous, sandy 20 1,190

Clay, medium to dark brown, silty, sandy; limestone, 
white to bluish white, porous; pebbles, white to tan, 
subrounded 40 1,230

Clay, light to dark gray or brown, sandy, micaceous; 
limestone, light gray to light bluish white, porous; 
pebbles, white to tan, subrounded 30 1,260
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Table 10. Lithologic log of standby injection we.ll at injection site 2, 
station number 303357087063801 Continued

Thickness Depth 
Lithology (feet) (feet)

Clay, light to dark brown or gray, sandy; limestone, 
light to medium gray, porous; shale, medium gray; 
pebbles, white to tan, subrounded; dolomite, light 
brown 40 1,300

Sand, clear to gray or yellow, medium to very coarse, 
angular to subangular; limestone, light to medium 
gray, sandy, porous 10 1,310

Clay, medium to dark gray, calcareous, sandy; sand,
clear to tan, medium to coarse, angular to subangular;
limestone, light gray, porous; phosphorite grains;
fossil fragments 10 1,320

Limestone, light to medium gray, porous, argillaceous,
sandy; clay, medium to dark gray, sandy 20 1,340

Limestone, light gray to tan, porous, sandy, abundant
inclusion of a black glass-like mineral 10 1,350

Limestone, light tan, crystalline; limestone, medium 
to dark bluish gray, crystalline; sand, clear to tan, 
subrounded 10 1,360

Limestone, cream to light brown, dense, hard, nonfossil- 
iferous; limestone, light gray, crystalline, matrix 
white to dark gray, dense, brittle, nonfossiliferous; 
sand, clear to yellow, medium to coarse, subrounded; 
phosphorite, black, shiny; oxide, reddish brown, glassy 10 1,370

Limestone, cream to light brown, porous, hard, nonfossil­ 
iferous; limestone, light gray, matrix white to dark 
gray, crystalline, dense, brittle, nonfossiliferous; 
sand and oxide same as above 80 1,450

Limestone, cream to light brown, dense to porous, hard, 
fossiliferous; limestone, gray, dense, brittle, 
crystalline, nonfossiliferous (less abundant than 
above); sand, clear to yellow, medium to coarse, 
subrounded; oxide, reddish brown, fine to medium 40 1,490

Sand, clear to brown, medium, subangular to subrounded; 
limestone, cream to light brown, fossiliferous, 
porous, brittle; oxide, reddish brown, glassy 10 1,500
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Table 11. Geophysical log data for injection site 2

[Depths are in feet below land surface. Geophysical logs were 
done by the U.S. Geological Survey, unless otherwise noted.]

Primary injection well 303413087063801

Caliper: Mechanical 05-03-75; 0-1,526 ft

Electric: Spontaneous potential/resistivity 05-04-75; 1,326-1,530 ft; 
includes short and long normal

Fluid conductivity; 05-03-75; 1,176-1,530 ft 

Radiation: Natural Gamma 05-03-75; 0-1,532 ft

Gamma-Gamma 05-04-75; 0-1,522 ft

Neutron 05-04-75; 0-1,526 ft

Temperature: 05-03-75; 0-1,526 ft
05-04-75, 1,188-1,529 ft

Standby injection well-.-303357087063801

Caliper; Mechanical 05-19-75; 0-1,508 ft

Electric; Spontaneous potential/resistivity 01-07-75; 1,327-1,508 ft; 
includes short and long normal

Fluid conductivity; 05-19-75; 1,320-1,508 ft 

Radiation; Natural Gamma 01-07-75; 0-1,508 ft

Gamma-Gamma 01-07-75; 2-1,505 ft

Neutron 01-07-75; 64-1,506 ft 

Temperature: 05-19-75; 0-1,508 ft

Shallow well 303413087063802

Caliper; Mechanical 01-06-75; 1,046-1,108 ft 

Radiation; Natural Gamma 01-06-75; 5-1,108 ft 

Gamma-Gamma 01-06-75; 4-1,108 ft 

Neutron 01-06-75; 4-1,108 ft
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Table 11. Geophysical log data for injection site 2 Continued

Deep-test well 303405087064601

Caliper: Mechanical 09-09-71; 1,464-1,548 ft
 05-18-76; 0-1,389 ft

Electric: Spontaneous potential/resistivity 09-09-71; 1,464-1,550 ft 

Fluid velocity: 09-09-71; 1,460-1,549 ft

Radiation; Natural Gamma 09-09-71; 6-1,550 ft
 05-18-76, 0-1,390 ft

Gamma-Gamma 09-09-71; 6-1,546 ft 

Neutron 09-09-71; 6-1,546 ft 

Temperature; 05-18-76; 0-1,388 ft

North well 303514087054801

Caliper; Mechanical 01-08-75; 0-1,492 ft

Electric; Spontaneous potential/resistivity 05-20-75; 1,280-1,490 ft; 
includes one short and one long normal

Fluid conductivity: 05-20-75; 1,200-1,492 ft 

Radiation: Natural Gamma 01-08-75; 0-1,492 ft

Gamma-Gamma 01-08-75; 0-1,486 ft

Neutron 05-20-75; 0-1,490 ft 

Temperature; 05-20-75; 1,180-1,492 ft
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Table 12. Mineralogy and cation-exchange capacity of cored samples taken
from the primary injection well at injection site 2

[From Pascale, 1975, p. 14, and USGS files]

[Lithologic unit: B, Bucatunna Clay; P, Pensacola
L, lower limestone]

Primary injection well

Date of 10-74 10-74 10-74 11-74 11-74 11-74
collection

Depth (feet 1,130 1,300 650 1,330 1,450 1,500
below land
surface)

Lithologic unit B B P L L L

Mineral (weight
percent)

Quartz 41 1 24
Calcite 0 0 2 93 96 84
Dolomite
Kaolinite 2 3 7 ______
Illite 2 4 7 ______
Montmoril- 40 11 20

lonite
Mixed-layer 14 14 31

clay
minerals

Total 99 33 101
weight
percent

Cation-exchange 18 14 21
capacity
(milliequiva-
lents per ~
100 grams)

Clay;

Deep-test
monitor well

12-71 12-71

1,348- 1,488-
1,362 1,498

L L

3 4
75-80 90-95

3   5
   
   
   

 

__ __

   

^Analysis by x-ray diffraction using methods of Shultz, 1964 
Analysis by methods in Beetem, and others, 1962, p. B1-B8.
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Table 13. Lithologic log of regional monitor well 1, 
station number 303241086540401

[From Pascale, 1976, p. 16-20]

Thickness Depth 
Lithology (feet) (feet)

Sand, tan to brown, quartz, fine to medium, subrounded 20 20 

Sand, tan to orange, quartz, fine to medium 30 50

Sand, light brown, quartz, fine to medium, subangular;
clay, orange to white; black phosphorite grains 60 110

Sand, orange to clear quartz, fine to medium, subangular;
clay, white to orange; black phosphorite grains 90 200

Clay, medium gray; sand, clear to white quartz, fine to
medium; black phosphorite grains 60 260

Clay, gray to green; sand, clear to gray, medium; shell
fragments; black phosphorite grains 70 330

Clay, light to medium gray; sand, clear to white, fine 
to medium; black phosphorite grains; shell fragments 
less abundant 40 370

Clay, light to medium gray; sand, clear to white, fine to
medium; black phosphorite; shell fragments abundant 40 410

Sand, medium to fine quartz, subangular, clear to orange;
clay, medium gray; shell fragments 80 490

Clay, gray with traces of orange; sand, fine to medium, 
frosted to clear; shell fragments; black phosphorite 
grains 90 580

Clay, medium to dark gray; sand, coarse; shell fragments;
black phosphorite grains 145 725

Limestone, tan to light gray, hard dolomitic; clay, gray;
sand, fine to medium; black phosphorite grains 5 730

Limestone, cream to white; black phosphorite grains;
pyrite; shells 20 750

Limestone, brown to light gray, dolomitic; black
phosphorite grains; pyrite; shells 40 790

Limestone, cream to tan, dolomitic, rough texture; shell
fragments; pyrite; black phosphorite grains 40 830

Limestone, white to gray, fine texture; pyrite; black
phosphorite grains 70 900
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Table 13. Lithologic log of regional monitor well 1, 
station number 303241086540401 Continued

Lithology
Thickness Depth 
(feet) (feet)

Limestone, white to tan; shells; clay, gray to light gray 10 910 

Clay, gray; shells; limestone, tan 10 920

Limestone, white to tan to gray, dolomitic; shells; clay,
gray; black phosphorite grains 50 970

Limestone, brown to tan, dolomitic; shell fragments;
clay, medium gray; pyrite 40 1,010

Limestone, white to gray; shells and shell fragments; 
pyrite; clay, medium gray; sand, fine to medium, 
clear to orange

Clay, gray, waxy; shells; limestone fragments, white; 
sand, fine to medium; black phosphorite grains

Clay, gray, waxy, sticky; shells; wood fragments, 
dark brown

Clay, dark to medium gray, dense, waxy, sticky; shells, 
cream; wood fragments, light to dark brown

Clay, gray, dense, waxy; pyrite; limestone fragments

Limestone, white, finely crystalline; clay, gray; sand, 
clear quartz; shells; black phosphorite grains

Limestone, white to tan, finely crystalline; forami- 
nifers; shells; pyrite; black phosphorite grains

Limestone, white, finely crystalline; green glauconite; 
pyrite; black phosphorite grains

Limestone, white, finely crystalline; foraminifers; black 
phosphorite grains; sand, clear, quartz, fine

Sand, clear, quartz, medium; limestone, white, finely 
crystalline; black phosphorite grains; green glauconite

Limestone, white, finely crystalline; sand, clear, quartz; 
black phosphorite grains

Limestone, white, finely crystalline; sand, clear, quartz, 
medium (50 percent sand); black phosphorite grains, 
very fine 50 1,500

30

20

30

90

10

40

30

110

30

10

40

1,040

1,060

1,090

1,180

1,190

1,230

1,260

1,370

1,400

1,410

1,450
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Table 14. Lithologic log of regional monitor well 2, 
station number 304252087002201

[From Pascale, 1976, p. 21-25]

Thickness Depth 
Lithology (feet) (feet)

Clay, white to brown, sticky; sand, white to clear
quartz, medium 20 20

Sand, clear to white quartz, medium; clay, brown to red 20 40

Sand, clear to white, medium to coarse; gravel, white to
yellow, very coarse to pea size; clay, brown 20 60

Sand, clear to white, medium to coarse, subrounded to 
rounded; gravel, clear to white, very coarse; clay, 
light brown 90 150

Clay, yellow to brown, sticky; gravel, very coarse to
small pebbles; sand, medium, clear to white 10 160

Sand, clear to white, medium to coarse, subrounded to 
angular; gravel, very coarse to pebble; clay, light 
brown 50 210

Clay, green-gray to red, sticky; gravel, very coarse to
pea size; sand, clear to white, medium 10 220

Sand, white to clear, medium to coarse; gravel, white to 
clear, very coarse to pebbles; clay, yellow brown to 
green, sticky 30 250

Sand, clear to purple, medium to coarse, subrounded to 
subangular; clay, brown; gravel, clear to rose, very 
coarse to pea size 40 290

Clay, gray brown to yellow brown; sand, clear to white,
medium to coarse; gravel, clear to red, very coarse;
black phosphorite grains 40 330

Clay, dark green, sticky; sand, clear to white, subangu­ 
lar to subrounded; shell fragments; black phosphorite 
grains 120 450

Sand, clear to white, medium; clay, dark green, soft;
shell fragments; black phosphorite grains 80 530
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Table 14. Lithologic log of regional monitor well 2, 
station number 304252087002201 Continued

Thickness Depth 
Lithology (feet) (feet)

Clay, dark gray, soft, sticky; sand, white to clear,
angular to subangular; shell fragments 110 640

Limestone, gray, finely crystalline, porous; sand, clear
to white, medium; clay, dark gray, soft, sticky; black
phosphorite grains; pyrite; shell fragments 30 670

Limestone, light gray, fine; sand, clear to white, 
medium; clay, gray to green, brittle, soft; black 
phosphorite grains; pyrite; shell fragments 120 790

Sand, clear to white, medium; limestone, gray, fine;
shell fragments; black phosphorite grains 40 830

Clay, dark green, soft, sticky; sand, white to yellow, 
angular to subangular; limestone, gray, fine; shell 
fragments 50 880

Clay, dark green, soft, very dense, waxy; sand, clear to
white, medium 100 980

Limestone, white, finely crystalline; sand, clear to
white, medium; black phosphorite grains 30 1,010

Limestone, white, finely crystalline; pyrite; green
glauconite; black phosphorite grains; shell fragments 50 1,060

Limestone, white to tan, limonite stains on limestone, 
finely crystalline; green glauconite; sand, clear 
quartz 30 1,090

Clay, light gray, soft, waxy; limestone, white to tan,
finely crystalline 20 1,110

Limestone, white, finely crystalline; black phosphorite
grains; pyrite; trace of clay 20 1,130

Limestone, white, finely crystalline; shell fragments; 
phosphorite; green glauconite; sand, clear quartz, 
medium 20 1,150
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Table 14. Lithologic log of regional monitor well 2, 
station number 304252087002201 Continued

Thickness Depth 
Lithology (feet) (feet)

Limestone, white to tan to gray; shell fragments;
foraminifers; limonite clay, white; clay, gray, silty 40 1,190

Sand, clear quartz, medium, subangular; limestone, white
to tan, crystalline 40 1»230

Limestone, white to tan, finely crystalline; shell
fragments; sand, clear quartz, medium; limonite clay 30 1,260

Limestone, white to tan; sand, clear quartz, medium;
shell fragments; clay, light gray, soft; black
phosphorite, black 20 1,280

Clay, gray, soft; black phosphorite grains, abundant;
sand, clear quartz, medium; limestone fragments 10 1,290
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Table 15. Geophysical log data for regional monitor wells 1 and 2

[Depths are in feet below land surface. Geophysical logs were 
done by the U.S. Geological Survey, unless otherwise noted]

Regional monitor well 1 303241086540401 
(Holley-Navarre or test well 1)

Caliper; Mechanical 03-18-74; 1,205-1,406 ft
 05-13-77; 1,200-1,409 ft

Electric: Spontaneous potential/resistivity 03-18-74; 1,220-1,400 ft; 
includes one short and one long normal

Fluid conductivity; 03-18-74; 70-1,364 ft
05-13-77; 1,200-1,408 ft

Radiation; Natural Gamma 01-28-74; 10-1,420 ft

Gamma-Gamma 03-18-74; 4-1,400 ft and 10-1,407 ft 

Neutron 03-18-74; 0-1,404 ft

Temperature; 03-18-74; 12-1,406 ft

Regional monitor well 2 304252087002201 
(Whiting Field or test well 2)

Caliper; Mechanical 01-28-74; 840-1,200 ft

Electric; Spontaneous potential/resistivity 03-18-74; 980-1,182 ft; 
includes one short and one long normal

Fluid conductivity; 03-18-74; 100-1,182 ft 

Radiation; Natural Gamma 01-28-74; 60-1,200 ft

Gamma-Gamma 03-18-74; 6-1,172 ft

Neutron 03-18-74; 4-1,178 ft 

Temperature; 03-18-74; 0-1,186 ft
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Table 16. Mineralogy and cation-exchange capacity of cored samples taken
from regional monitor wells 1 and 2

[From Pascale, 1976, p. 28-29]

[Lithologic unit: B, Bucatunna Clay; L, lower limestone]

Regional monitor Regional monitor 
well 1 well 2

Date of 08-16-73 08-20-73 08-21-73 09-27-73 09-28-73 
collection

Depth (feet 1,084 1,120 1,225 880 920 
below land 
surface)

Lithologic B B L B B 
unit

Mineral
(weight 
percent)

Quartz 12 14   13 8 
Calcite 0 0 90 27 
Kaolinite 11 11   12 7 
Illite 4 5   43 
Montmoril- 25 31   20 16 

lonite 
Mixed-layer 24 28   27 20 

clay 
minerals

Total weight 76 89   78 61 
percent

Cation-exchange 46 47   43 46 
capacity 
(milliequiv- 
alents per» 
100 grams)

09-29-73

985

L

92

 

^Analysis by x-ray diffraction using methods of Schultz, 1964. 
Analysis by methods described in Beetem, and others, 1962, p. B1-B8.
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Table 17. Monitor well sampling log for injection site 1

[Log represents initiation or change in field procedures only; 
comments in parentheses ( ) indicate a one-time condition.]

Date Shallow North South 

11-04-70 1 hr 20 min PT 1 45 min PT 1 hr 15 min PT

pH, temperature, and alkalinity field determinations made on 
unfiltered sample. All laboratory analyses made at QWSU2 except 
TOC at Washington3 . Mercuric chloride (HgCl2 ) added to all nutrient 
and TOC samples to retard bacterial growth. Cations filtered with 
0.45 urn filter and acidified with nitric acid (HN03 ). Anions 
filtered with 0.45 um filter, nutrients unfiltered, trace elements 
filtered with 0.45 um filter then acidified with nitric acid.

01-18-71 1 hr PT 50 min PT 1 hr PT

04-15-71 40 min PT

04-16-71 1 hr PT

09-15-71 (2 hr PT)

12-08-71 (1 hr PT)

12-09-71 (after 30 min PT,
water turbid; 
after 1 hr PT, 
limestone f]akes 
and sand grains 
visible)

01-04-72 (after 15 min PT,
water turbid with 
flakes and sand) 
field alkalinity 
now done on 
filtered sample

04-10-72 All nutrients, including organic carbon, now iced and no longer 
treated with HgCl2 .

08-09-72 ---------- All TOC samples sent to QWSU.- ------

10-18-72 (55 min PT)

11-15-72 (50 min PT)

12-13-72 40 min PT

12-14-72 40 min PT

04-17-73 (DOC samples split and sent to QWSU and.R. L. Malcom, Arvada 
_______________________Research Laboratory .)________________________
See footnotes at end of table
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Table 17. Monitor well sampling log for injection site 1 Continued

Date

05-16-73

06-12-73

06-13-73

07-18-73

08-22-73

Shallow

Time

1415
1445
1500
1615

1340
1355
1415

1300
1330

1345
1415

HC03 
pH in mg/L

8.
8.
8.
8.

8.
8.
8.

8.
8.

8.
8.

73
61
72
68

67
72
72

76
74

71
73

550
530
520
511

530
517
508

513
505

- No

493
496

1 hr
1 hr
2 hr

1 hr

1 hr

more TOG

1 hr

PT

40
10
25
40

40
55
15

30

Si

30

North South

min
min
min
min

min
min
min

(1 hr 45 min PT) (1 hr PT)
no more observ­
able turbidity

min

imples taken   only DOC. --------

min

09-12-73 30 min

11-14-73 - All major constituent analyses now done at Doraville Laboratory .-

Oli-18-74 (G. Elkan
collects micro­ 
biological,, 

samples)

06-20-74 (water turbid
during 40 min PT 
 cut back flow 
rate then cleared 
and sampled)

08-15-74 (sample collected during a PT 
period from 30 min to 1 hr 
35 min)

01-16-75 (15 min PT)

02-18-75 (sample collected
at 1542 with 26 
min PT and 500 
gpm, and a second 
sample at 1552 
with 36 min PT

__________________________________and maximum gpm)_______________________
See footnotes at end of table
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Table 17. Monitor well sampling log for injection site 1 Continued

Date Shallow North South

02-19-75 40 min PT 30 min PT 30 min PT

03-12-75 - - All trace element analyses now done at Doraville Laboratory. - -

07-16-75 Specific conductance now determined in the field on unfiltered 
samples.

08-19-75 HC03
Time pH in mg/L

(1345 8.59 
(1740 8.65

559
511

PT

40 min) 
4 hr 35 min)

09-15-75 (4 hr 25 min PT)

10-14-75 - - - Specific conductance now determined on filtered sample. - - - 

(3 hr 40 min PT)

11-17-75 (3 hr PT)

12-16-75 (4 hr PT)

01-22-76 (4 hr PT; company purged well 
on 01-08-76 for undetermined 
period of time)

02-25-76 3 hr PT

03-20-76

04-26-76 (4 hr PT)

05-20-76 (2 hr 45 min PT)

06-23-76 (4 hr 30 min PT)

(company purged 
well 01-08-76 
for undeter­ 
mined period of 
time)

(collected 2 
gas samples, 
sent to D. W. 
Fisher, Reston- 

Laboratory)

(company col­ 
lected gas 
samples 3 times 
and purged 
well 03-03-76 
to 03-17-76 for 
1-1/2 to 3-3/4 
hours each 
time)

See footnotes at end of table
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Table 17. Monitor well sampling log for injection site 1 Continued

Date Shallow North South

07-19-76

08-17-76 

11-17-76 

11-18-76

(3 hr 20 min PT)

5 hr PT

(3 hr 15 min PT)

12-16-76 

01-19-77

(4 hr PT)

discharge pipe 
and sampling 
valves replaced 
because of 
leakage

(purged several 
days to prevent 
freezing of 
pipes)

01-20-77 (purged several days to 
prevent freezing of pipes)

(purged several 
days to prevent 
freezing of 
pipes)

02-24-77

04-21-77

05-12-77

06-15-77

06-16-77

06-18-77

07-18-77

07-19-77

(same still flowing)

(3 hr 40 min PT)

- - - - - No samples because of geophysical well-logging.

(5 hr PT to clean out well) (1 hr 30 min PT to
clean out well)

(1 hr PT to 
clean out 
well)

(30 min PT)

(no sample valve 
flushed 1 hr 
30 min)

Sampling tubes installed by this date. -------

HC03 
Time pH in mg/L PT

Sampling tube 
(1025 8.41 520 18)

Regular point 
(1100 8.32 542 30)

(sampled twice at (well purging 
1335 with 5 min for days) 
PT, sampled regu­ 
lar point at 1400 
and 30 min PT)

58



Table 17. Monitor well sampling log for injection site 1 Continued

Date Shallow North South

08-18-77 - - Wells sampled through tube from here on. - -

18-20 min PT 5 min PT

08-19-77

09-21-77

10-27-77 

12-14-77

02-09-78 

05-04-78

09-21-78 

12-13-78 

01-24-79

(tube and valve purging several 
days to prevent freezing of 
pipes)

(valve found 
leaking slowly)

(collected gas 
sample sent to 
D. W. Fisher)

(valve still 
leaking)

5 min PT (sam­ 
ple foaming)

(30 min PT, 
sampled regular 
point at 0930; 
50 min PT, 
sampled tube 
at 1020)

well sampled 
through tube 
from here on, 
5 min PT

(collected gas 
sample sent to 
D. W. Fisher)

- - - - All tubes purging to prevent the freezing of pipes. - - - -

03-08-79

(purged since 01-02-79 to 
prevent freezing of pipes)

(collected gas sample sent 
to D. W. Fisher)

(collected gas 
sample sent to 
D. W. Fisher)

(collected gas 
sample sent to 
D. W. Fisher)

(large valve and 
discharge pipe 
leaking)

(purged since 
01-02-79 to 
prevent freezing 
of pipes)

(collected gas 
sample sent to 
D. W. Fisher, 
well still 
flowing)

(collected gas 
sample sent to 
D. W. Fisher)

(collected gas 
sample sent to 
D. W. Fisher)

(valve burst 
01-02-79 and 
not repaired as 
of this date)

(collected gas 
sample sent to 
D. W. Fisher, 
well repaired 
but still 
flowing)
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Table 17. Monitor well sampling log for inject.ion site 1 Continued

Date Shallow North South

04-23-79

12-13-79 (purging to prevent freezing 
of pipes)

01-21-80

(still purging  
cut off flow 
after sampling)

(still purging 
 cut off flow 
after sampling)

(collected gas 
sample, sent to 
D. W. Fisher, 
well purging 
since 12-17-80, 
well left still 
purging)

01-22-80

01-23-80

03-20-80

05-01-80

(purged week of 01-11-80 not 
now purging)

(purge since 
12-17-79, left 
purging, collected 
gas sample sent 
to D. W. Fisher, 
collected carbon 
12, 13, and 14 
 sent to^Craig 
Sprinkle)

(still purging  (still purging)
cut off flow after
sampling)

(sampling tube
shot up by
vandals well
purging)__________________

Purge time, length of time well flowing prior to sampling. Originally (as of 
07-17-70) was based on reaching a specified temperature, 30°C for the shallow 
well and 35°C for the deeper wells. This was later changed (02-19-75) to 
allow for the purging of two casing volumes, and later (07-19-77) for two 
sampling tube volumes. Other purges occured from accidental breakage and 
leakage or intentional discharge to prevent freezing and subsequent breakage

9 of valves of pipes.
_U.S. Geological Survey, Quality of Water Service Unit, Ocala, Fla. 
U.S. Geological Survey, Water-Quality Laboratory, Washington, D.C. no longer
.operating.
,-U.S. Geological Survey, Central Region Research Laboratory, Arvada, Colo.
,-U.S. Geological Survey, National Water-Quality Laboratory, Doraville, Ga.
7University of North Carolina, Department of Microbiology, Raleigh, N. C.
RU.S. Geological Survey, Northeastern Region Research Laboratory, Reston, Va. 
U.S. Geological Survey, Southeastern Regional Aquifer Study, Atlanta, Ga.
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Table 24. Dissolved gas analyses of samples collected at monitor wells
at injection site 1

[Neither hydrogen sulfide (H2 S) nor nitrous oxide (N20) 
found in any sample.]

Concentration in milligrams per liter
Partial pressures

Date

02/19/75 

02/25/76 

05/04/78 

09/21/78 

03/08/79

12/11/73 

02/19/75 

02/25/76 

02/25/76 

08/18/76 

10/27/77 

05/04/78 

09/21/78 

03/08/79 

01/21/80

Tempera­ 
ture °C

29.5 

30.0 

22.5 

26.0 

29.0

34.5 

35.0 

35.0 

24.0 

24.0 

23.0 

23.0 

29.0 

26.0

Methane 
(CH4 )

in atmospheres at temperature shown

Carbon 
dioxide
(co2 )

Nitro­ 
gen 
(N2 )

Shallow well (303538087145501) 

3.0 1.75 23.7
.148 

3.0
.15 

3.2
.15 

3.1
.15 

3.3
.143 

South 

24 

50
2.69 

48
2.56 

45
2.41 

70
3.1 

40
1.81 

38
1.68 

55
2.47 

31
1.54 

45
2.1

.0013 
1.3
.001 

3.1
.0020 

3.1
.002 

o g

1.33 
26
1.44 

23
1.22 

22
1.22 

22
.0017 1.13 

well (303417087141701) 

14 6.0 

27 10.3
.023 

42
.035 

42
.035 

53
.034 

56
.036 

60
.038 

47
.030 

42
.031 

47
.033

.63 
8.5
.51 

7.9
.48 

12.7
.65

5.1
.26 

8.6
.45 

4.7
.27 

8.9
.50

Oxygen
<o2 )

0.1
.0027 
.41
.011 
.02
.0003 
.02
.0004 
.01
.0003 

.20

.0047 

.22

.006 

.20

.006 

.1

.002 

.05

.001 

0.06
.0013 
.07
.0017 
.02
.0003

Argon 
(Ar)

0.82
.015 

.86

.015 

.86

.016 

.85

.014 

.28

.005

.12

.002 

0.19
.003 
.16
.003 
.22
.004

135



Table 24. Dissolved gas analyses of samples collected at monitor wells
at injection site 1   Continued

Concentration in milligrams per liter
Partial pressures

Date

02/18/75

02/25/76

10/27/77

05/04/78

09/21/78

03/08/79

01/22/80

03/20/80

Tempera­
ture °C

34.0

35.0

27.0

23.0

23.0

20.7

26.0

25.5

Methane«v
North

21
1.12

22
1.18

17
.79

14
.61

15
.66

16
.79

21
1.0

15
.71

in atmospheres at temperature shown

Carbon 
dioxide
(co2 )

Nitro­ 
gen
(N2 )

Oxygen
<o2 >

Argon
(Ar)

well (303657087154301)

15
.012

16
.013

14
.010

14
.0092

15
.009

15
.011

17
.012

15
.010

18.6
1.12

21
1.29

22
1.21

18
.92

18
.96

15
.86

25
1.36
 

.01

.0007

.33

.009

.05

.001

.02

.0003

.02

.0005

.04

.0009

.4

.01
 

.67

.013
 

.89

.015

.67

.012

.72

.013

.60

.012

.82

.015
 

136
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Table 26. Dissolved gas analyses of samples collected at injection site 2

[ND, not detected; CT, contaminated sample; LS, lost sample. 
Hydrogen sulfide (H_S) not found in any sample.]

Concentrations in milligrams per liter
Partial pressures in

Date

12/12/78 

06/12/79

11/14/77 

11/15/77 

11/17/77

06/12/79

05/13/76 

05/13/76 

08/19/76 

02/21/77 

02/21/77 

11/15/77 

02/06/78 

05/01/78 

07/31/78

Tempera- Methane 
ture °C (CH.)

19 

29

23 

23 

24

26

24 

24 

27 

24 

24 

25 

19 

25 

24

.0 

.5

Primary 

.0

.0

.0

.0

.0

.5

.0

.5

.5

.0

.0

.0

.0

atmospheres at temperature

Carbon 
dioxide
(co2 )

Waste 

ND 16

ND 

injection

<.0004 
.01
.0006 
.01
.0006 

Shallow 

2.1
.098 

Deep-test 

7.3
.33 

8.4
.38 

5.4
.26 

1.2
.05 

2.0
.09 

3.1
.144 

1.65
.068 

2.9
.13 

4.4
.20

14

Nitro­ 
gen 
(N2 )

Nitrous 
oxide 
(N0 0)

(303413087063800) 

22 0.08
.0091 1. 

17
.010 1. 

well   backflush 

5.1 24

5

9

.0032 

.7

.0036 

.5

1. 
28
1. 

43

09 .0001 
11

shown.

Oxygen 
(0,)

0.03
.0007 

<.01
02 .010 <.0003 

(303413087063899) 

42 <.02
23

41

.039 
72

.067 
92

.0062 2.22 .089 

well (303413087063802) 

2.1 24 ND
.0015 1.32 

well (303405087064601) 

20 121 ND

15

31

12

10

31

38

49

24

.0131

.0097

.022

.008

.007

.020

.021

.033

.016

6. 
93
4. 

97
5. 

145
7. 

70
3. 

153
8. 

158
8.

2

8

22

56

33

3

5

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND

<.0004 
4.02
00005 
<.05
£.001 

^.01
4.. 0003 

£.4
<.0008 
<.05
<.0011
< !
<.002 

^0.1
£ .002 

.03

.0007 

.2

.005 
^.07
{.. 002

Argon. 
(Ar)

0.85
.0139 
.70
.014 

.71

.012 

.56

.009 

.49

.008 

.92

.017 

.51

.008 

.27

.0041 

.51

.009 

.58

.0103

170



Table 26. Dissolved gas analyses of samples collected at injection
site 2   Continued

Concentrations in milligrams per liter
Partial pressures in atmospheres at temperature shown

Date

12/12/78 

06/13/79 

01/10/80

11/15/77 

02/07/78 

05/02/78 

08/02/78 

12/12/78 

06/12/79

08/19/76 

11/16/77 

02/07/78 

05/02/78 

08/01/78 

12/11/78 

06/11/79 

01/07/80

Carbon 
Tempera- Methane dioxide 
ture °C (CH4 ) (O>2 )

23.0 

24.5 

22.5

29.0 

24.0 

31.0 

31.0 

29.0 

32.0

27.0 

24.0 

21.0 

24.5 

25.0 

23.5 

24.0 

23.8

Deep-test 

1.9
.086 

1.3
.058 

1.7
.076 

Standby 

18
.89 

10.1
.46 

14
.74 

7.9
.41 

7.0
.354 

7.1

Nitro- Nitrous 
gen oxide 
(N2 ) (N20)

Oxygen
<o2 >

well (303405087064601)  Continued 

35 168 ND .18
.023 

46
.031 

31
.020 

injection well 

38
.028 

41
.026 

49
.038

42
.033 

49
.037 

47

8.9 
80
4.3 

85

ND 

ND
4.4 

(303357087063801) 

82 ND
4.54 

68
3.50 

101
6.0 

33
1.97 
LS

47
.38 .038 2.87 

North well (303514087054801) 

5.8 7.7 18.6
.28 

8.0
.36 

6.9
.30 

8.3
.37 

8.2
.38 

6.8
.307 

7.7
.35 

8.7
.40

.005 
9.6
.0062 

11.1
.0067 

12
.0080 

10
.007 

10
.0068 

11
.0072 

13
.0084

1.01
22
1.11 
CT

23
1.23 

22
1.22 

21
1.13 

24
1.29 

22
1.17

ND 

ND 

ND 

LS 

ND

ND 

ND 

CT 

ND 

ND 

ND 

ND 

ND

.0042 

.05

.001 

.06

.001 

.5

.012 
<.02
<.0005 
.1
.004 

<.02
<.0005 
LS

.04

.001 

<0.1
< .002 
< .02
< .0004 
CT

.08

.002 

.03

.0008 

.04

.0010 

.09

.002 

.35

.008

Argon 
(Ar)

.67

.0118 

.29

.0052 

.31

.0054 

.90

.016 

.59

.0097 

.1

.004 

.38

.0076 
LS

.41

.0083 

.86

.014 
CT

.86

.015 

.85

.0155 

.87

.0154 

.93

.017 

.83

.0148

171
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Table 28. Dissolved gas analyses of samples collected at the regional
monitor wells

[Neither hydrogen sulfide (H2 S) nor nitrous oxide (N^O) 
found in any sample.]

Concentrations in milligrams per liter
Partial pressures in atmospheres at temperature shown

Date

01/23/80 

01/08/80 

02/20/80

Table

Carbon Nitro- 
Tempera- Methane dioxide gen Oxygen 
ture °C (CH4 ) (CO^ (N£ ) (0^

Regional well 1 (303241086540401) 

26.0 3.7 12 21 0.04
.18 .008 1.18 .001 

Regional well 2 (304252087002201) 

24.0 .68 2.8 24 .04
.031 .0018 1.30 .001 

Regional well 3 (305940086580601) 

22.0 .06 1.3
.003 .0008

29.   Bacteriological data for samples collected at
wells at injection site 1

Argon 
(Ar)

0.83
.015 

.94

.0167

monitor

[Numbers are in Most P_robable Number of organisms 
per 100 milliliters]

Source Date
Total Total Sulfate 
aerobes anaerobes Dentrifiers reducers

Shallow 
well

South well 

North well

08/17/76

08/18/76

08/17/76 
04/11/77

0

33

13 
2

 

176



Table 30. Bacteriological data for samples collected of pre-injected waste, 
growth on head of injection well 1, and of samples from monitor wells at 
injection site 2

[Numbers are in Most Probable Number of organisms per 100 milliliters; 
positive refers to presence rather than absence but not enumerated;

TNTC, too numerous to count]

Source

Waste
(treated)

Waste

Date

05/13/76
08/19/76
02/07/78
05/01/78
08/01/78
06/12/79
06/24/80

05/13/76

Total
aerobes

positive
 

15,000
TNTC
4,200
 

3,100

positive

Total
anaerobes

__
 
30
 
460

2,400
2,400

 

Dentrifiers

positive
0

90
 

2,400
2,400
2,400

positive

Sulfate
reducers

   
 
30
 
 
 

1,100

 
(untreated)

Bacterial growth 
at injection 
well head

Shallow well

Deep-test well

05/13/76 positive

08/18/76
11/15/76
08/02/78
06/12/79

05/13/76
05/13/76
08/19/76
11/16/76
12/14/76
02/21/77
04/26/77
11/15/77
11/16/77
02/06/78
05/01/78
07/31/78
06/13/79
06/25/80

 
 

1,500
 

positive
positive
 
 
 
400
 

3,200
2,200
1,200

12,000
700
 
400

1,100
460

3,300
2,300
2,300

30
240
93

2,400
1,100

positive

2,400
1,600
2,400

3

positive 
positive 

13 
0
4

13
17

1,100
11,000

30

3
23

210

1,100
2,400

24,000

240
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Table 30. Bacteriological data for samples collected of pre-injected waste,
growth on head
injection site

Source

Standby
injection well

North well

of injection
2

Date

08/19/76
11/16/76
04/24/77
11/15/77
11/16/77
02/07/78
05/01/78
08/02/78
06/12/79
06/24/80

08/19/76
11/16/76
12/14/76
04/26/77
11/15/77
11/16/77
02/07/78
05/01/78
08/01/78
06/11/79

well 1,

Total
aerobes

^^

 
50

1,200
8

300
38,000

400
 

1,000

__

 
 

5
38
50

1000
600
100
 

and of samples

Total
anaerobes

^ 1_m

 
1,900
2,300
2,300

40
23
4

23
460

__
 
 
10
4

10
30
3
3
3

from monitor wells at

Dentrifiers

positive
8

17
240
23
40
 
23
93

2,400

0
2
4
3

240
23
30
 

3
3

Sulfate
reducers

__
 
 

1,500
460

2,400
 
 
 
23

__
 
 
 
10
4

30
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Table 31. Concentrations of organic compounds in waste, backflush of
injection well 1, and monitor wells at injection site 2

Concentration in milligram per liter

Sample
source

Shallow

North

Standby
injection

Deep-test

Waste

Primary
injection
backflush

Date

06-12-79

04-20-77
11-16-77
02-07-78
06-11-79

04-20-77
11-15-77
02-07-78
06-12-79

04-20-77
11-15-77
02-06-78
06-13-79

04-19-77
11-14-77
02-07-78
06-12-79

11-15-77
(9:00 AM)
11-17-77
(9:30 AM)

Acetone

0

0
0
0
0

0
0
0
0

0
0
0
0

1.1
1.6
2.1
0

1.4

1.5

Acrylonitrile

0

0
0
0
0

0
0
0
0

0
0
0
0

86
90

108
36

16

8.3

Ethanol

0

0
0
0
0

0
0
0
0

0
0
0
0

.2
0
0
0

0

0

Methanol

0

0
0
0
0

0
0
0
0

0
0
0
0

5.0
5.2
5.3

21

5.6

5.3

Uniden­
tified x/

compound 

0

0
0
0
0

0
0
0
.40

21-' .2
.12
.30
.90

300
149
342
806

197

95

I/
On gas chromatograph, a peak following that of acrylonitrile which is 
probably a degradation or hydrolysis product of it (M. Yates, written 

June 17, 1977). Value calculated as acrylonitrile.  ,commun.
 Not a confirmed value, but corresponds in retention time on chromatograph,
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