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HYDROLOGIC MONITORING OF A DEEP-WELL WASTE-INJECTION SYSTEM 
NEAR PENSACOLA, FLORIDA, MARCH 1970-MARCH 1977

By 
C. A. Pascale and J. B. Martin

ABSTRACT

This report presents the hydraulic and chemical data collected from 
March 1970 to March 1977 through a monitoring program at a deep-well 
waste-injection system at the Monsanto Company 1 s plant near Pensacola, 
Florida. The injection system presently consists of injection well A, 
injection well B, and two deep monitor wells all completed open hole in 
the lower limestone of the Floridan aquifer and one shallow monitor well 
completed in the upper limestone of the Floridan aquifer. Two of the 
monitor wells are used to observe hydraulic and geochemical effects of 
waste injection in the injection zone at locations 1.5 miles south- 
southeast and 1.9 miles north-northwest of the center of the injection 
site. The shallow monitor well, used to observe any effects in the 
first permeable zone above the 220-foot-thick confining bed, is 100 feet 
northeast of injection well A.

Since injection began in July 1963, about 13.3 billion gallons of 
industrial acidic waste cor gaining nitric acid, inorganic salts, and 
numerous organic compounds have been injected into a saline-water-filled 
limestone aquifer. From July 1963 to April 1968, the pH of the waste 
was raised to about 5.5 with aqueous ammonia before being injected into 
a saline-water-filled limestone aquifer, but since 1968 it has been 
injected unneutralized at a pH of about 2.3. Wellhead injection pressures 
at both injection wells in March 1977 averaged 180 pounds per square 
inch and the hydraulic pressure gradient was 0.53 pound per square inch 
per foot of depth to the top of the injection zone. Increases in 
pressures since 1970 at the north and south monitor wells have been 
about 22 and 29 pounds per square inch. The pressure in the shallow 
monitor well declined about 4 pounds per square inch. No changes were 
detected in the chemical character of water from the shallow monitor and 
the north monitor wells but since late 1973, concentrations of bicarbonate 
and dissolved organic carbon in water from the south monitor well have 
increased. These increases have also been accompanied by increases in 
gas content of water at the point of discharge from the well and a 
distinctive odor like that of the waste. In samples of water from the 
south monitor well, concentrations of nitrogen gas ranged from 6.0 to 
12.7 milligrams per liter, methane from 24 to 70 milligrams per liter, 
and carbon dioxide from 14 to 53 milligrams per liter. The most probable 
number of denitrifying bacteria in water samples collected at the north 
and south monitor wells respectively, ranged from 13 colonies to 
33 colonies per 100 milliliters.



INTRODUCTION 

Purpose and Scope

This report presents the hydraulic and chemical data collected 
through a monitoring program conducted by the U.S. Geological Survey at 
a industrial liquid-waste injection site 13 mi north of Pensacola in 
Escambia County. The injection system is also briefly described. The 
monitoring program officially began July 1, 1970 and is in cooperation 
with the Bureau of Water Resources Management of the Florida Department 
of Environmental Regulation. It is supported by the Monsanto Co., owner 
of the injection- system.

The data are presented in graphs and tables. These data include 
injection rates, volumes, and pressures; water-level data at three 
monitor wells, and field and laboratory analyses of water samples from 
the three wells.

Acknowledgment s

The generous cooperation of Monsanto Co. in permitting access to 
the injection site and furnishing technical data about their injection 
facility is acknowledged.

Injection

At the Monsanto Co.'s plant site, industrial liquid waste has been 
injected underground since July 1963 as an alternate to discharging it 
into surface-water bodies. The acidic waste consists of nitric acid, 
inorganic salts, and numerous organic compounds. During the first 
5 years of injection, the pH of the waste was raised to about 5.5 with 
aqueous ammonia before it was injected into the aquifer, but in April 
1968, the composition of the waste was changed and since that time it 
has been injected unneutralized at a pH of about 2.3. The waste is 
injected through two wells into the saline-water-filled lower limestone 
of the Floridan aquifer between 1,400 and 1,700 ft below land surface. 
The lower limestone aquifer (injection zone) is overlain by the wide­ 
spread Oligocene Bucatunna Clay Member of the Byram Formation, a clay 
confining bed. Overlying this 220-ft-thick confining bed is the upper 
limestone of the Floridan aquifer (Musgrove, Barraclough, and Marsh, 
1961, p. 17). The upper limestone contains slightly brackish water at 
the injection site.

For use of those readers who may prefer to use metric units rather 
than U.S. customary units, the conversion factors for the terms used in 
this report are listed on the following page:



Multiply U.S. customary units To obtain metric units

inch (in) 
foot (ft) 
mile (mi) 
gallon (gal)

gallon per minute
(gal/min) 

pound per square inch
(lb/in2 )

25 4
.3048 

1.609 
3.785 
3.785xlO-3
.6309

.07031

millimeter (mm)
meter (m)
kilometer (km)
liter (L)
cubic meter (m^)
liter per second (L/s)

kilogram per square 
centimeter (kg/cm2)

THE MONITORING PROGRAM 

Objectives

The purpose of the monitoring program is to observe the effects of 
waste injection on the injection zone and to determine whether the 
injection system functions so that the waste moves within the injection 
zone rather than leak upward through the confining bed to contaminate 
shallower brackish and fresh ground water. Further, the monitoring 
program is a source of hydrologic and geochemical data for research 
investigations to predict the ultimate regional effects of the waste 
injection.

Description of the Injection System

Monsanto Co.'s present waste-injection system consists of injection 
well A, injection well B, two deep monitor wells referred to as the 
north and south monitor wells, and one shallow monitor well. Locations 
of the active wells are shown on figure 1.

Injection well A was drilled in early 1963 and soon after injection 
began, two monitor wells were constructed. One, a shallow monitor well 
100 ft from well A, was drilled to the top of the confining bed and 
cased into the top of the upper limestone of the Floridan aquifer, thus 
providing a means to observe hydraulic and geochemical changes in the 
first permeable zone above the 220-ft-thick confining bed. The other, 
a deep monitor well about 1,300 ft south of well A, was drilled and 
cased into the lower limestone of the Floridan aquifer; providing means 
for observing pressure and water-quality changes in the injection zone. 
In 1965 a second injection well, injection well B, similar in construction 
to well A, was drilled 1,300 ft southwest of well A.

By January 1969, undiluted waste was detected in the deep monitor 
well and in February 1969 the well was plugged from bottom to top with 
cement because of concern that the casing would be corroded through and 
waste might leak upward to shallower zones containing potable water. To 
continue evaluation of the hydraulic and geochemical effects of injection,



87° 13'

30° 38' -

NORTH MONITOR WELL

^SHALLOW MONITOR WELL

30° 33' -

Figure 1. Location of three monitors and two injection wells near 
Cantonment, Escambia County, Florida.



two more deep monitors were constructed in late 1969 and early 1970 by 
Monsanto Co., one 1.5 mi south-southeast of the injection site (south 
monitor well) and the other 1.9 mi north-northwest of the site (north 
monitor well).

The location and physical characteristics of the two injection 
wells and the three active monitor wells comprising the injection system 
are listed in table 1. The hydrogeology of the injection site and the 
construction and testing details of the injection and monitor wells are 
described by Barraclough (1966), Goolsby (1971), and by Foster and 
Goolsby (1972).

Data Collection

Data collected in the monitoring program include continuous records 
of: injection rates, wellhead injection pressures, wellhead pressures 
in the monitor wells, and analyses of water samples- collected monthly 
from the monitor wells. The analyses include field determinations of 
pH, bicarbonate, temperature, and conductance, and laboratory deter­ 
mination of nitrogen, phosphorus, calcium, chloride, magnesium, and 
dissolved organic carbon. Samples collected semiannually are analyzed 
for boron, copper, iron, zinc, and all major cations and anions. Water 
samples are also collected intermittently for the determination of gases 
and bacteria.

HYDRAULIC AND CHEMICAL DATA 

Injection Pressures and Rates

Static wellhead pressure at land surface in the lower limestone of 
the Floridan aquifer at injection well A in 1963, before injection 
began, was about 17 lb/in2 or about 40 ft above land surface and by 
March 31, 1977 it had increased to about 130 lb/in2 or about 300 ft 
above land surface. From July 1963 through March 31, 1977, the monthly 
average wellhead injection pressure ranged from 114 lb/in^ in February 
1975 to 237 lb/in2 in June 1965. The individual wellhead pressures for 
both wells and the combined average monthly injection rates are shown in 
figure 2. The maximum one-day combined injection rate was 2,700 gal/min 
at an average wellhead pressure of 198 lb/in2 during the almost 14 years 
of injection.

During March 1977 the injection rate averaged 2,395 gal/min and 
wellhead pressures in the injection wells averaged 180 lb/in2 . After 
correcting for head loss due to friction, the hydraulic pressure gradient 
was calculated at 0.53 lb/in2 per foot of depth to the top of the 
injection zone. The aggregate volume of waste injected through March 
1977, shown in figure 3, is about 13.3 billion gallons.
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CUMULATIVE VOLUME OF WASTE INJECTED, IN BILLIONS OF GALLONS
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Injection Index

The injection index is a measure of the ability.of the well to 
accept waste. It is defined as:

Injection Rate, Well "A" + Injection Rate, Well "B" (gal/min) 
      i^ (Ap well "A" + AP Well "B") (lb/inz )

where AP is the bottom-hole pressure increase. The injection index, as 
used here, is not for an individual well but for the system. The higher 
the injection index, the lower the pressure required to inject waste at 
a given rate. The monthly average injection index (I) through March 1977 
ranged from about 7 to 23 [(gal/min)/Ib/in2 ] as shown in figure 4.

Water-Level Changes at the Monitor Wells

Pressure hydrographs for the two deep monitor wells in figure 5 
show that since 1970, when the deep monitors were activated, pressures 
have increased by about 29 lb/in2 at the south monitor and by about 
22 lb/in2 at the north monitor through March 1977. Pressure was on a 
rising trend until July 1973, increasing at both deep monitors during 
that time by about 23 lb/in2 . From mid-1973 to April 1975, the pressure 
declined about 19 lb/in2 . Since April 1975, pressure in the south 
monitor increased about 24 lb/in2 and in the north monitor about 
19 lb/in . The fluctuations in pressure at the two deep monitor wells 
roughly parallel the fluctuations in the daily average injection rate, 
which can range from zero on several consecutive days to about 
2,700 gal/min or to about 1,350 gal/min to each injection well. The 
pressure decline at both deep monitors (fig. 5) from September 1974 to 
April 1975 was accompanied by a decline in monthly average injection 
rate, from about 2,350 gal/min to 1,450 gal/min (fig. 2). Conversely, 
when the pressure rose in both deep monitors from April 1975 to 
March 1977 the injection rate was increased from 1,450 gal/min to about 
2,400 gal/min.

In contrast to the long-term pressure increase in the lower lime­ 
stone of the Floridan aquifer, the injection zone, the hydrograph for 
the shallow monitor well in figure 5 shows that through the entire 
period, pressure declined by about 4 lb/in2 in the upper limestone of 
the Floridan aquifer at the injection site. The overall decline in 
pressure is presumably the result of pumpage drawdown by coastal 
municipal users 25 to 35 mi southeast and irrigation users about 20 mi 
east of the injection site (Faulkner and Pascale, 1975).
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Chemical Analyses of Water Samples

No significant changes have been detected in the chemical char­ 
acteristics of water from the shallow and north monitor wells in samples 
collected through March 22, 1977 (tables 2 and 3). In water samples 
from the south monitor well, however, bicarbonate concentrations in­ 
creased from 282 mg/L to 636 mg/L and dissolved organic carbon increased 
from 9.0 mg/L to 47 mg/L between September 1973 and March 1977 (table 4). 
These increases at the south monitor have been accompanied by an increase 
in the dissolved gas concentration and a distinctive odor like that of 
the injected waste.

Dissolved gas concentration in water samples collected from the 
three monitor wells are as follows:

Nitrogen Oxygen Methane Carbon dioxide 
Well name Date (mg/L) (mg/L) (mg/L) (mg/L)_____

South monitor 12/11/73 6.0   24 14
2/19/75 10.3 0.2 50 27
2/25/76 8.5 0.22 48 42
8/17/76 12.7 .1 70 53

North monitor 2/18/75 18.6   21 15
2/25/76 21.0 0.33 22 16

Shallow monitor 2/19/75 23.7 0.10 3.0 1.75
2/25/76 26.0 0.41 3.0 1.30

Denitrifying bacteria were detected in water samples collected from the 
two deep monitor wells in August 1976. The most probable number of 
denitrifying bacteria in water samples ranged from 13 colonies per 
100 mL (milliliter) at the north monitor to 33 per 100 mL at the south 
monitor well. Samples collected at the shallow monitor well yielded 
less than 2 per 100 mL.

Hydraulic and geochemical changes have been measured within the 
injection zone through the monitoring program since March 1970. Con­ 
tinued monitoring at the injection site will make it possible to observe 
hydraulic and biochemical effects and geochemical changes in the lead 
edge of the waste body as it passes through the monitoring sites. These 
effects and changes will help determine not only the ultimate quantity 
of waste that can be injected but also the ultimate fate of the waste as 
it moves within the injection zone.

12
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SUMMARY

Hydraulic and geochemical effects of the waste-injection system at 
the Monsanto Co. f s plant as of March 31, 1977 have been detected only in 
the injection zone, the lower limestone of the Floridan aquifer. Increased 
pressures are evident at the two wells used to monitor the injection 
zone. Geochemical changes have been noted only at the south monitor 
well closest to the injection site.
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