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GUIDANCE DOCUMENT ON
MECHANICAL INTEGRITY TESTING
CF INJECTION WELLS

I, INTRODUCTION

1. Purpose of This Document

The of this document is to impart to managers who are not
acquainted with the technical aspects of construction and operation of
injection wells, the knowledge to enable them to implement the rules and
regulations in that section of the Underground Injection Control
Regulations regarding the mechanical integrity of injection wells.
Beginning with the definition of mechanical integrity as expressed in the
requlations, this document explains the theory and practice of the
various tests used in determining the mechanical integrity of an
injection well.

2. The Meaning of Mechanical Integrity

Injection wells can convey fluids that may be regarded as
potentially detrimental to drinking-water quality. It is important to
assure that injected fluids do not contaminate ground water used for
drinking or having the potential for such use. This assurance is gained
during the construction of an injection well by: (1) using well casings,
tubings, and packers that do not leak and, (2) by properly cementing the
annulus between the casing and formation, thus precluding the movement of
fluids through the well annulus., Figure 1 illustrates these potential
threats. If a well does not have these defects, it is said to have
mechanical integrity.

Section 146.08 of the State Underground Injection Control Program
(40 CFR Part 146, Federal Register, Volume 45, No. 123, June 24 1980)
states that a well has mechanical integrity if: (1) there is no
significant leak in the casing, tubing, or packer; and (2) there is no
significant fluid movement into an underground source of drinking water
through vertical channels adjacent to the injection well bore. According
to Section 146.08, the absence of leaks must be demonstrated by either
performing a pressure test with liquid or gas or by monitoring the
annulus pressure. Leaks or fluid movement that pertain to the second
criterion must be demonstrated absent by a temperature or noise log. The
mechanical integrity of injection wells associated with oil and gas
production (Class III) may be demonstrated by well records indicating the
presence of adequate cement to prevent fluid movement in the well
annulus. Exception to rules governing both types of leaks may be
authorized by the Administrator of the EPA.
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3.

Classification of Injection Wells

Section 146.05 defines five classes of injection wells on the basis

of use and the relationship of the injection zone to underground sources
of drinking water. A definition of each class of well, and a description
of wells in Classes I, II, and III with examples of typical construction
are presented below.

a.

b.

Ce

Class I: Class I wells include: (1) wells used by generators of
hazardous wastes or owners or operators of hazardous waste
management facilities to inject hazardous waste, other than Class IV
wells, and (2) other industrial and mmicipal disposal wells which
inject fluids beneath the lowemmost formation containing drinking
water within one-quarter mile of the well.

Class I injection wells include basically two types, as illustrated

on Figure 2. That referred to as Type A is the most common type

consisting of one or more strings of grouted casing, tubing, and

packer. Type B, common to municipal injection well systems,

ﬂists simply of several strings of grouted casing and no tubing
packer.

Class II: Class II includes wells which inject fluids: (1) which
are brought to the surface in comnection with conventional oil or
natural gas production, (2) for enhanced recovery of oil or natural
gas, and (3) for storage of hydrocarbons which are liquids at
standard temperature and pressure.

Wells in Class II have no typical design; however, those recently
constructed are generally fitted with tubing and packer.
Construction characteristics vary according to function, depth,
location, age, and other factors.

Class III: Class III wells are those that inject fluids in order to
extract minerals or energy, including but not limited to those for:
(1) mining of sulfur by the Frasch process, (2) solution mining of
minerals, (3) in-situ combustion of fossil fuels, and (4) recovery
of geothermal energy to produce electric power.

In 1980 there were approximately 7,830 Class III injection wells
that would be subject to UIC regulations. Of these, about 500 exist
for the purpose of sulfur recovery by solution mining, and 6,300 for
in-situ leaching for uranium recovery. The remainder are used in
recovery of copper and other metals as well as for geothermal
energy. Typical construction details of each type of well in Class
III are described below.
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i.

iii.

In typical Frasch sulfur wells in Texas, an outer casing (8- or
10-inch—diameter) is set into the top of the cap rock, and the
overlying formations are permitted to collapse around the uncemented
casing. The depth of the injection zone ranges fram about 400 to
2100 feet. Six-inch casing, with two perforated zones near the
bottom, is set inside the outer casing to the base of the
sulfur-bearing cap rock. The upper perforations, for steam
injection, are separated from the lower perforations and from a
three—-inch production casing by means of a packer.

Salt Solution Wells

Solution mining of salt is accomplished by the injection of water
and recovery of brine through wells. Solution mining is practiced
to depths ranging from several hundred feet to about 10,000 feet.
Well designs are adapted to the particular salt body to be mined and
differ widely. In thick salt beds or in salt domes, injection and
withdrawal are commonly through single, multiple-cased wells (Figure
4), with injection into an inner casing and return flow through the
anmilus. The inner casing or tubing may be movable to pemmit
variable=point injection. Thin-bedded salt deposits in the
mid-continental and northeastern part of the country are commonly
mined by the use of one or more separate injection and recovery
wells.

In-Situ Leaching of Uranium

Uranium deposits suitable for mining by in-situ leaching are found
in sand and sandstone in Texas and to a lesser extent in Wyaming.
These deposits must be below the water—table and in well-confined
strata. Uranium is leached by the injection of dilute alkaline or
acid solutions (lixiviants), in combination with a chemical oxidant,
at depths from 300 to 2000 feet. Separate wells are used for
extraction.
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A typical well consists of a single-wall cemented casing and well

screen, slotted casing, or perforated pipe. The casing material may

be PVC, steel, or fiberglass. Various patterns are used in the

bespacing ggdinjectionalﬂ production wells, the function of which may
reversed,

In-Situ Leaching of Copper

In-situ leaching of copper is practiced in igneous ore bodies, or in
worked-out mines where the ore is not of sufficient grade to be
extracted by conventional methods. A dilute sulfuric acid solution
or water is injected into the ore deposit through wells and the
leachate is recovered through other wells, mine workings, or other
openings. Much of the work to date is experimental and solution
mining of copper is not widely used.

No single construction method is used for boreholes that inject
copper—leaching solutions. Where leaching solutions are introduced
into previously mined, caved, or blasted ore bodies, injection wells
commonly are shallow, cased or uncased boreholes into which the
fluids enter by gravity flow. -

In-Situ Combustion of Coal, Oil Shale, and Tar Sands

In-situ combustion of fossil fuels is presently being evaluated as
an envirommentally preferable mode of mineral extraction, but is not
developed beyond the experimental stage. Wells that may be used for
air injection, ignition, and/or recovery, are experimental in both
design and scale. It is not possible at this time to consider
typical injection well designs in this category.

Geothermal Energy

The principal uses of injection wells associated with geothermal
facilities are to dispose of brines brought to the surface from
underground zones of high temperature and to dispose of brine and
condensates from generating plants. The only facility in the United
States presently producing electricity and utilizing injection wells
contimiously is in northern California, where nine injection wells
return small amounts of condensate back to the producing formation
by gravity flow. The wells have multiple casing and cement seals.
Because of the early stage of development of geothermal resources
for electrical generation, there are no injection well designs in
this category that may be considered typical. Injection wells used
in the development of geothermal energy and not for electrical
generation, belong to Class V and are not considered here.
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d. Class IV: Class IV wells are used by generators of hazardous waste
or of radicactive wastes, by owners or operators of hazardous waste
management facilities, or by owners or operators of radicactive
waste disposal sites to dispose of hazardous wastes or radicactive
wastes into or abowve a formation which within one—quarter mile of
the well contains an underground source of drinking water. Wells of
this class are not addressed in this document.

e. Class V: Class V injection wells are those not specifically
included in Classes I, II, III, or IV, Smtym()fmthﬂt
belong to this category are air-conditioning return-flow wells,
cesspools, drainage wells, recharge wells, salt-water intrusion
barrier wells, sand back-fill wells, septic system wells, subsidence
control wells, wells used for hydrocarbon storage, geothermal wells
used in heating and aguaculture, and nuclear disposal wells. These
wells, like those of Class IV, are not addressed in this document.

4. The Distinction Among Tests Requir ed in Section 146.08 to Detect the
and the Location of Leaks and Fluid Movement

Pressure tests or the monitoring of anmilus pressure can detect the
presence of leaks in the casing, tubing, or packer, but generally yield
no information on the location of such leaks unless specific zones are
isolated. The temperature log and noise log not only can detect the
presence of leaks, but also fluid movement through vertical channels
adjacent to the well bore. They also can be used to locate such
failures. These logs, however, cannot be used to distinguish between a
leak and fluid movement behind the casing without a pressure test or
monitoring of anmilus pressure. d

It is apparent from the foregoing that there are significant and
basic differences amount the types of tests and their results. In
addition to the required geophysical logs, there are many others that may
provide indications of various types of well failures. These include the
radicactive tracer, cement bond, caliper, and casing condition logs.
These may be considered supplementary (to be employed when ambiguity
results from the required logs) or as alternatives to the required logs
if approved in writing by the EPA Administrator. A summary of the
applicability of the required and other useful tests is presented as
Table 1. The characteristics of each test, its applicability,
interpretation, and limitations, are discussed below.

II. PRESSURE TESTS AND MONTTORING OF ANNULUS PRESSURE
1. Applicability Related to Well Construction

Either a pressure test or monitoring of the anmlus pressure may be
used to detect the presence of leaks in the casing, tubing, or packer of
an injection well. These tests are applicable to all types of casing,
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although consideration of casing strength may be necessary where FWC is
used, especially at higher temperatures. The pressure test can be
conducted in three ways, depending on the well's construction details.
Monitoring of the anmulus for change in pressure, however, is only
applicable to the well configuration having tubing and packer. The three
pressure test configurations and one monitoring configuration are
illustrated in Figure 5§ - A, B, and C.

Configuration A, a cased and grouted well sealed at the bottam (by a
retrievable plug or packer) and top, shows a test of the casing only.
The lack of a tubing or pemmanent packer precludes other pressure
testing. Likewise, the lack of an anmulus precludes pressure monitoring
as an alternative determinant of well integrity.

Configuration B, a cased and grouted well fitted with tubing and
packer and sealed at the top, shows a test of the casing, tubing, and
packer. This test cannot distinguish which of the three components of
the well is leaking. Pressure monitoring of the annulus between the
tubing and casing could also be conducted as an alternative to pressure

Configquration C is a cased and grouted well fitted with tubing,
packer, and seating nipple. The presence of the seating nipple at the
base of the tubing allows pressure testing of the tubing exclusively, in
addition to the pressure test and pressure monitoring as possible in

2, Procedures and Interpretation

Both industry and regulatory agencies use and/or require pressure
of the various injection well components as a means of
determining the presence of leaks. Pressure tests are relatively
inexpensive and easy to perform in both old and new injection wells; they
also produce results that are simple and easy to interpret. For these
reasons, pressure testing of the casing, tubing, and packer is considered
the principal and most reliable means of detemmining mechanical
integrity.

Typically, pressure tests have been performed at pressures
equivalent to 125 percent of the design operating pressure for periods
that range from 5 to 30 minutes. Mininum pressure-test criteria for well
integrity should be the maintenance of 125 percent of the peak operating
pressure for a period of 30 minutes. The well is determined to be sound
if the pressure stabilizes at a point equal to or greater than the peak
operating pressure and does not fall below that value. If the pressure
falls below the peak value, the well is determined to be unsound; a
significant leak is considered to exist, and remedial measures are taken.
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Pressure-test procedures are significantly different between
injection wells that are new or under construction and those that exist.
Test procedures are designed to take best advantage of the umique
features of each type of well.

In a new well, the inper casing is usually pressure tested after it
has been cemented and before the casing shoe is drilled out. At that
time, cement is present at the bottam of the casing so that the casing is
sealed. A seal at the top can be effected by using a blow-out preventer
or other easily adapted wellhead seal. Usually the pipe is filled with
fluid and pressure is applied using the rig mud pump (rig mud pumps
usually can be utilized to supply pressures up to 1000 psi; for greater
pressures, cement pumping equipment is generally used).

If the casing does not hold pressure in accordance with accepted
criteria, an attempt to locate the leak using a noise log or temperature
log may be used. Based on these findings, repairs to the casing may be
made, If the casing holds pressure, then the next tests for mechanical
integrity can be undertaken.

In an old well without tubing or packer, the bottom of -the inner
casing can be sealed with a retrievable plug (bridge plugs or packers are
used) prior to testing. Such plugs are available to fit casings having
inside diameters from 1.87 to 13.37 inches. The same sources for
pressure noted above can be utilized. Plugs should not be set in old or
corroded steel casings that may be prone to rupture. Casing condition
logs described below are useful in detemmining the competency of a casing
to withstand packer pressures. In the case of FVC casings or those of
similar synthetics, a comparison between the rupture pressure of the
casing and the packer pressure should be made prior to testing to insure
that casing strength is not exceeded. The temperature should be
considered in this comparison.

In old wells with tubing but no packer, the cutside casing is tested
after the twbing has been pulled and a retrievable plug set. If
successful, the tubing is reinstalled and tested in the well. Usually,
the tubing is fitted with a seating nipple at the bottam. The tubing is
then sealed at the top and a pressure test is performed. Following a
successful test, the ball is "reversed out® and the well is ready for
service.

Both new and old wells with tubing and packer are tested by
pressurization. The most efficient step-wise procedure for testing such
a well is graphically described in Table 2. It is assumed in this
procedure that work by a geophysical logging service company is less
expensive than that of a service company capable of setting a retrievable
packer at the bottom of the casing. This would generally be true,
especially considering that geophysical logging services are required at
the well site in testing for fluid movement in vertical channels in the
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TABLE 2

PROCEDURE FOR TESTING THE MECHANICAL INTEGRITY

STEP

NUMBER

o U o w N -

o -4

10
11l
12

13
14
15

16
L7
18
19

20
21
22
23

24

OF AN INJECTION WELL HAVING TUBING AND PACKER

PROCEDURAL STEP

CHECK FOR LEAK IN CASING, TUBING, OR PACKER
Pressurize Annulus
Annulus Pressure Adequate? Yes, go to 20

CHECK FOR LEAK IN TUBING
Pressurize Tubing with Seating Nipple and Ball
Tubing Pressure Adequate? Yes, go to 10

LOCATE LEAK IN TUBING
Run Noise or Temperature Log in Tubing with
Pressurized Annulus
Fix Tubing Leak

CHECK FOR LEAK IN CASING OR PACKER
Pressurize Annulus
Annulus Pressure Adequate? Yes, go to 20

CHECK FOR LEAK IN CASING

Remove Tubing, Install Bridge Plug, Pressurize Casing
Casing Pressure Adequate? Yes, go to 19

LOCATE CASING LEAK
Run Noise. or Temperature Log with Pressure in Casing
Fix Casing Leak
Fix Packer

CHECK FOR FLUID MOVEMENT IN BOREHOLE ANNULUS
Run Noise and Temperature Log
Leak Detected? No, go to 24
Repair Fluid Movement Failure

MECHANICAL INTEGRITY CONFIRMED



o

ca ~—

E-'-_'fa

well bore, the second and mandatory test for mechanical integrity of
injection wells. &

Pressure tests are generally conducted on the entire length of
casing or tubing, but may be staged at vaious well depths if warranted.
Suspicion of two or more independent leaks at different depths may
justify staged testing. Such testing has the potential to locate, in
addition to detect, a leak. In this procedure, a bridge plug and packer
are set on opposite sides of the suspected leak. This procedure is
complicated and time consuming, but may be considered in the event a leak
cannot be located because of constraints on geophysical logging.

In some instances, a reverse type of test is used to detemmine
casing integrity of a new or used well., In this test, fluid is removed
from the casing. This must be done cautiocusly in order to prevent casing
collapse. For deep wells, the evacuation is staged using a bridge plug
and packer. The space between the plug and packer is evacuated and then
cbserved to determine whether or not fluid enters. This test is called a
dry test and will work only in those portions of the casing opposite
formations that are saturated with fluids and are samewhat permeable.

The alternative to the pressure test in the detemmining leaks is the
monitoring of anmilus pressure in the injection well. This can be used
only on those wells constructed with tubing and packer. In this
arrangement, the pressure in the anmulus should be held 10 psi above
atmospheric pressure and retained there. This pressure would then be
monitored by periodic checks or by continuous recording, along with the
injection pressure. A leak in the casing, tubing, or packer is indicated
by a change in the anmlus pressure, either higher or lower. A leak in
the tubing or packer would probably result in a higher pressure due to
the transfer of the injection pressure. A leak in the casing, on the
other hand, would probably result in a lower pressure.

It is possible that monitoring of anmilus pressure would not detect
the presence of a leak or leaks that may be in equilibrium with the
pressure imposed on the annulus. To eliminate this possibility, it is
desirable to periodically vary the pressure applied to the anmulus. In
effect, this procedure constitutes a long-term pressure test. By varying
the anmlus pressure, the presence of leaks at equilibrium at amy one
pressure will become apparent. Pressure variations need not be more than
a few psi.

If the injected fluid varies significantly in temperature, either
seasonally or with another factor, fluctuations in the anmulus pressure
myocwrinresponsetotbemalexpansionorcomractionofthe fluid in
the anmlus. If this influence on the annulus pressure is excessive, it
may be necessary to monitor the temperature of the injected fluid in
order to be sure that pressure changes are solely due to changes in the
temperature and not due to leaks.
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3. Costs for Pressure Tests and Monitoring

Costs for pressure testing a well are directly related to its
construction. For a new well or an existing one equipped with tubing and
packer, the test is simple and the cost is not high. In a new well, a
pressure test is performed on the inner casing after it has been cemented
in place, and before the cement at the bottom of the casing has been
drilled out. For pressure testing the casing with the drilling rig, the
estimated cost is $400. If a cement pump is required, the cost is
gstimtedtobesaoomﬂ,zm,d@emmgontheﬁmtheeqtﬁmtism
ocation.

A similar cost would be incurred in performing a pressure test on an
well equipped with a tubing and packer. Usually this can be
done by operating personnel, using their own or rental equipment.

Greater costs will be incurred performing a pressure test on a well
with no tubing or packer, or only tubing., In the case of a well with
tubing, a rig will have to be used to pull the tubing and reset it. For
a well with no tubing or packer, a rig will be used to set and pull a
retrievable plug. In most cases, a workover rig rather than a standard
rig is employed, as it is designed specifically for these operations.

Determination of the cost of performing pressure tests with greater
accuracy than the estimates above is complicated by the fact that a
"typical® well does not exist. Casing depths and diameters vary, as do
the depths of the tubing settings. The condition of the well is often a
controlling factor in how long it takes to do a particular task.
Campanies doing such work charge according to complicated schedules that
incorporate factors of time, distance to the well, standby charges,
working depths, and the size of the tools to be used. In the event the
equipment must be used in a "hostile enviromment" (abnormal pressure,
high temperatures, or a corrosive fluid), additional charges are billed.
Consequently, because of the mumerous variables that would be considered,
it is impossible to arrive at a precise cost for pressure testing.

Some idea of the range in costs for a pressure test is obtained by
setting up arbitrary examples assuming a range of well depths, distances
to the well, time required to pull tubing, set and remove a retrievable
plug, and reset the tubing, The following examples assume a 300-mile
round trip to the well, well depths from 2,000 to 6,000 feet (80 percent
of injections wells are included in this depth range), rig time at $125
per hour, and mileage charges of $1.50 per mile. It also is assumed that
there are delays no greater than 8 hours (accounted as rig time) due to
unanicipated conditions such as site work to make the well more
accessible, problems in removing well-head equipment prior to entry, etc.
Costs due to lost production time, use of alterative waste disposal
facilities, im-house administration and engineering associated with any
testing are not included. The same assumptions are used to develop costs
for performing a test on a well with no tubing, but for which a rig is
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urgglﬂ:i;ed. In this case, no rig time is needed for pulling and resetting

Costs for performing tests under the above assumptions are listed
bsglow (estimates are in temms of 1980 dollars and rounded to the nearest
00) .

Estimated Costs
{feet) Hith Tubing & HWithout Tubing
Packer & Packer
2,000 $ 6,400 $5
3,000 $ 7,400 $6
4,000 $ 8,300 $6
5,000 $ 9,200 $6
6,000 $10,200 $7

The cost of contimuous monitoring of the anmulus pressure is for
instrumentation and persommel. A recording pressure gauge or water-level
recorder can vary in cost from one to several thousands of dollars,
depending on the features. Personnel costs would depend upon the needed
frequency of maintenance and repair of the instrument. Because of the
high degree of variability in the costs associated with continuous
monitoring, no estimates are made.

The cost of non-continous monitoring pressure in the anmilus between
the tubing and casing is almost exclusively for persommel. The only
equipment cost is that of an accurate pressure gauge or manameter, which
should amount to less than $100. If, for example, it is assumed that a
weekly reading of the anmlus pressure is made by an injection well
"operator,” and that it takes approximately 15 minutes to read and record
