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I.~ 

GIJIJlN!IZ JXXIIEtlr (I{ 
MfXSANICAL IHr!GRI1l'! 'l"EST.Il!C 

CR IHJ!C.l:J:m WELIB 

l. ;PUlp?se of ~ Doct~ 

b purpose of t.bis dcctment is to inplr:t to Dlfill1agers wbo ar:e not 
acquainted with tbe technical aspects of construction and q>eration of 
injection wells, tbe knclwledge to enable them to i:aplement the r:ules and 
regulations in tbat aect:ion of tbe Onderground Injection Cattrol 
Regulations regaz:ding tbe mechanical integrity of injection wells. 
Beginning with the definition of acbanical integrity as ezpressed in the 
regulations, this dcx:tnent explaiM the theoey and practice of the 
va:d.QJ.8 tests used in detenn:in:Jng the mechanical integrity of an 
injection well. 

2. 'ltle Meaning of Jlecbanical Integrity 

Injection wells can cxmvey fluids that nay be regarded as 
potentiall;y- detrimental to drinki.ng-water quality. It is inp>rtant to 
asaire that injected fluids do not amt:a.inate ground water used for 
drinki.ng or having the p:>tmtial for such use. tis assurmce is gained 
during the c:onstr:uction of an injection well by: (1) usin:J well casings, 
td:>ings, and packers that do not leak and, (2) by pi:operly c:anenting the 
anm.J.us between the casin:J and formation, t:bus precludiBJ the movement of 
fluids thm.Jgh the well anmlus. Pigw:e 1 ill:wstrates these p:>tential 
threats. If a well does not have these defects, it is said to have 
mechanical integrity. 

Sect.ion 146.08 of the state tlnderground Injection Cattrol Progr• 
(40 CPR Part:. 146, Pederal Register, Voltm 45, No. 123, June 24 1980) 
states that a well bu mcbanical integrity if: (1) there is no 
significant leak in the caain:J, tubin:J, or packerJ and (2) there is no 
significant fluid movement into an l.mderground source Of drinking water 
through vertical channels adjacent to tbe injection well bore. According 
to section 146.08, tbe absence of leaks tll18t be demonstrated by either 
perfom.i:ag a presmre teat with liquid or gas or by mnitoring the 
amulus presaire. Iaks or fluid mcvanent that pertain to the second 
criterion nmt be demonstrated absent by a temperature or noise log. 'lb! 
mec:bmical integrity of injection wells associated with oil and gas 
paxuction (Class III) my be demonstrated by well records indicating the 
presence of adequate cement to prevent fluid JDC111ement in the well 
anmlus. Exception to r:ules go1eming both types of leaks nay be 
authorized by the ldninistrator 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 uaderground saJrCeS 
of drinking water. A definition of each class of well, and a description 
of wells in Classes I, II, and III with f!'Qll{>les Of typical construction 
are presented below. 

a. Class I: Class I wells include: (l) wells used by generators of 
buardms wast.es or owners or operators Of lazaJ:dcus waste 
managanent facilities to inject bazardcus waste, other than Class N 
wells, and (2) other industrial and nulicipal disposal wells which 
inject flu.ids beneath the lONerlDCSt fomation containing drinking 
water within om-quarter m:ile of tbe -.u. 
Class I injection wells include basically two types, as illustrated 
on Figw:e 2. That referred to as Type A is the DDSt ca111m type 
CODSistiDJ of c:ma or more strings Of graited casing, tubing, and 
packer. Type a, cc 111uon to nuliciJ;:al injection -.u systaas, 
consists sinply of several strings of grouted casing and no tubing 
and packer. 

b. Class II: Class II includes wells which inject fluids: (1) which 
am bra:sgbt to the surface in connection with conventional oil or 
natural gas production, (2) for enbanced r~ Of oil or nata:ral 
gas, and (3) for storage of bydrocal:bons which ue liquids at 
standaid teaperat:ure and pressure. 

Wells in C1 ass II have no typical design; however, those recently 
constructed ue generally fitted with tubing and packer. 
Ccllstruction cbaracteristics vuy according to function, depth, 
location, age, and other factors. 

c. Class III: Class III wells ue t.bcse that inject fluids in order to 
extract minerals or energy, incl.udin':J tut not limited to those for: 
(1) mining of sulfur by the Frasch process, (2) solution mining of 
minerals, (3) in-situ cad:lustion of fossil fUels, and (4) recovery 
of geother.al enm:gy to produce electric pc:Mer. 

In 1980 there were app.roxb•tely 7 ,830 Class III injection wells 
that WICUld be a.Jbject to tJIC regulations. Of these, abcut 500 exist 
for the purpose of sulfur recove:cy by solution mWng, and 6,300 for 
in-situ leach:ing for uranium recovery. tte remainder ue used in 
recovery of copper and other metals as well as for geothermal 
energy. ~cal construction details of each type of well in CJ.ass 
III are described below. 
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i. SUlfur Mining wells 

SUlfur contained in the lower part of the 1 inestone cap rock 
overlying salt (Imes or in bedded salt strata is mined by the Prascb 
process in the Q11f Coast uea of Tem and La>isiana and in west 
Texas. In tbe Prasch process, injection of fluids and recovei:y of 
sulfur take place in the same well. Pigure 3 sbaws the design of a 
sulfur well with cemented casing tbat is used in parts of Lalisiana. 
High presmre fran steam injection causes the sulfur to dissolve and 
tl1en rise in a awJJ-diamter inner casing, fraa which it is pll'ped 
to tbe sw:f ace by air lift. 

In typical Prascb sulfur wells in 'l'exas, an aiter casing CS- or 
10-incb-diameter) is set into the tap of the cap rock, and the 
overlying for:mations are pemitted to collapse aramd the unc:emented 
casing. '!'be depth of the injection zone ranges fraa about 400 to 
2100 feet. Six-inch casing, with two perforated zones near the 
bottcm, is set inside the aiter casing to the base of the 
sulfur-bearing cap :cock. b upper perforations, for stean 
injection, are separated fraa the lower perforations and frcm a 
three-m:b production casiDJ by mems Of a packer. 

ii. Salt solution wells 

Solution mining of salt is ac"X!'l'lislwd by the injection of water 
and reooveey of brine thi:cugb wells. solution mini.DJ is practiced 
to depths rangiDJ fran several hmdred feet to abait 10,000 feet. 
wen designs are adapted to the particular salt body to be mined and 
differ widely. In thick salt beds or in Salt danes, injection and 
witbdrawal are cc •11•ooly thi:ough single, nW.tiple-cased wells (Figure 
4), with injection into an inner cas!DJ and retum flow through the 
anmlus. b inner casing or tubin:.:J may be movable to petmit 
variable-p:>int injection. 'l!U.n-bedded salt deposits in the 
mid-continental and northeastern part Of the country are cx111 .. mly 
mined by the use of one or more separate injection and recovery 
wells. 

iii. In-Situ LMching of Uranium 

Uranim deposits suitable for mining by in-situ leaching are famd 
in sand and sandstone in 'l'exas. and to a lesser extent in Wyaning. 
'.Dlese deposits DUSt be below the water-table and in well-confined 
strata. Uranium is leached by the injection Of dilute alkaline or 
acid solutions (lixiviants), in cad::>inationwith a chemic.al oxidant, 
at depths fran 300 to 2000 feet. separate wells are used for 
extraction. 
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A typical wll consists of a single-wall cemented casing and well 
screen, slotted casing, or perforated pipe. 'l1le casing material may 
be . PYC, steel, or fiberglass. various patterns are used in the 
spacing of injection and production wells, the function of wbicll may 
be reversed. 

iv. In-Situ Leacbi ng of Copper 

In-situ leaching Of copper is practiced in igneoos ore bodies, or in 
worked-oot mines where the ore is not Of sufficient grade to be 
extracted by conventiom.l Et.bods. A dilute sulfuric acid solution 
or wter is injected into the ore deposit thtougb wells and the 
leachate is recovered tbl:ougb other wells, mine workings, or other 
cp!Slings. Jb:b Of the work to date is ez:perilaltal and solution 
mining Of CXJPP8r is not widely used. 

Ro single construction •thod is used for bore.boles tbat inject 
cxipper-leaching solutions. Where leaching solutions are introduced 
into previously mined, caved,. or blasted ore bodies, injection wells 
camwuly are shallow, c.ased or uncased boreholes into which the 
fluids enter by gravity flow. 

v. In-Situ cad:IJsti.on of Cc:al, Oil Sbale, and TU Sands 

In-situ ca!blstion Of fossil fuels is presently being evaluated as 
an errvirormentally preferci:>le mcde of mineral extraction, mt is not 
develq>ed beyQ1d the ez:perilDent:al stage. wells that may be used for 
air injection, ignition, and/or recover:y, are experimental in lx>th 
design and scale. It is not possible at this time to consider 
typical injection well designs in this category. 

vi. Geot:beJlDlll Energy 

The principal uses of injection wells associated with geotbellDaJ. 
facilities are to dispose of brines brought to the surface fran 
underground zcms of hic.;h taipe:rature and to dispose of brine and 
comenaates fran generating plants. Tbe only facility in the United 
States presently producing electricity and utilizing injection wells 
contimoualy is in nortbem C'al i fomia, where nine injection wells 
retum anal 1 amounts of condensate back to the producing fox:mation 
by gravity flow. The wells have mltiple casing and cement seaJs. 
Because Of the early stage of devel.qnent Of geothei:mal resairces 
for electrical generation, there are no injection well designs in 
this category that may be considered typical. Injection wells used 
in the develq:ment of geotbei:mal energy and not for electrical 
generation, belcn; to CJ.ass v and are not considered here. 



5 

d. Class IV: CJ.ass IV wells are used by generators of hazarda:as waste 
or of radioactive wastes, by owners or q:>erators of bazardaJs waste 
managanent facilities, or by owners or q:>eratcrs of radioactive 
waste disposal sitas to di sp>M of bazazdcus wastes or rarlioactive 
wastes into or above a foaation which within one-quarter mile of 
tbe well contains an undergmmd source of drinld.B;J water. Wells of 
this class are not addressed in this dcc\JDent. 

e. CJ.ass V: Class v injection wells are those not specifically 
inclHded in CJ.asses I, II, III, or IV. Scm types of wells that 
belong to this category are air-conditioning ret:m:n-flow wells, 
cesspools, drainage wells, recbuge wells, salt-water intrusion 
barrier wells, sm3 back-fill wells, septic systs wells, subsidence 
control walls, wells used for: bydroc.?u:lxn storage, geothermal wells 
used in beating and aquaculture, and nuclear di si;nsal wells. i'bese 
wells, like those of CJ.ass IV, are not addressed in this docaalt. 

4. 'lte Di@'ti.n;tion Amorg '1'ests RegUired in Section 146.08 to Detect the 
Presepce and the L9Cation of Leaks and Fluid Jblanent 

Presa.ire tests or the monitoring of anrl1l.us presau:e can detect the 
presence of leaks in the casing, tubing, or pa.c:ker, b.tt generally yield 
no inf or:mation an the location of such leaks tmless specific zones are 
isolated. The temperature log and noise log not ODJ.y can detect the 
presence of leaks, b.tt al.SO fluid movanent through vertical c:bannels 
adjacent to tbe well bore. 'Ibey also can be used to locate such 
failures. These logs, h:»weue:c, cmmot be used to distinguish between a 
leak and fl11id DOVEIDl!l'lt behind the casing without a presaire test or 
monitoring of aruw.us presmre.. , 

It is appaxent fraa the foregoing tbat there are significant and 
basic differences al'DQmt the types of tests and their results. In 
addition to the required geophysical logs, there are many others that may 
provide indications of variQIS types of well failures. i'bese include the 
radioactive tracer, c:anent bond, caliper, and casing condition logs. 
These may be considered supplanentuy (to be aaployed when ambiguity 
results fran tbe required logs) or as alternatives to the required logs 
if approved in writing by the EPA Atbinistrator. A smmu::y of the 
aR>llcability of the required and other useful tests is presented as 
'1'able l. '!'be characteristics of each test, its applicability, 
interpretation, and limitations, are discussed belar. 

II. PBBSSIRB 'ftS'l'S AND !lnI'l'ORim CP .ANRJLtS PBmSlRB 

1. AJ;plicability Related to Well Ccllstnlction 

Either a pressure test or monitoring of the annulus presau:e may be 
used to detect the presence of leaks in the casing, tubing, or pa.clter of 
an injection well. 'ltlese tests are applicable to all types of casing, 



TABLE 1 

APPLICABILITY OF TESTS THAT MAY BB USED FOR MECHANICAL 
INTEGRITY VERIFICATION 

CAUSE OF INJECTION WELL FAILURE 

LEAKS IN CASING, FLUID MOVEMENT 

APPLICABILITY TO 
TYPES OF CASING 

PVC AND 
TEST TUBING OR PACKER BEHIND CASING METAL SIMILAR SYNTHETICS 

Presence Location Presence 

Pressure Test yes 

Monitor Annulus Pressure yes 

Temperature Log yes 

Noise Log yes 

Radioactive Tracer Log (4) yes 

Cement Bond Log (4) no (3) 

Caliper Log (4) no (3) 

Casing Condition Log (4) yes (3) 

(1) can be "yes", if test is staged 
(2) log response may be somewhat dampened 
(3) may indicate potential failure site 

no (1) 

no 

yes 

yes 

yes 

no (3) 

no (3) 

yes (3) 

(4) may be used with approval of EPA Administrator 
(5) only if access by tracer can be gained through the 

casing or beneath casing shoe 

no 

no 

yes 

yes 

yes (5) 

yes (3) 

no (3) 

yes (3) 

Location 

no yes yes 

no yes yes 

yes yes yes 

yes yes yes (2) 

yes (5) yes yes 

yes (3) yes yes ( 2) 

no (3) yes yes 

yes (3) yes no 
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alt.hough consideration of casing strength may be necessary where PVC is 
used, especially at higher tsrperatures. 'lbe pressure test can be 
cord:lcted in three ways, depending on the well's constmction details. 
Mcm.toring of tbe am'l.ll.ua for c.bange in pressure, bcwever, is only 
applicable to tbe well configuration having tubing and packer. 'lbe three 
presaire test configurat:iom and one monitoring configuration are 
illustrated in Figum S - A, B, and C. 

Ccltfiguration A, a cased and grouted well sealed at the bottaR (by a 
retrievable p.luq or packer) and tq>, shows a test of the casing only. 
'1tle lac:k of a tubing or pemment packer precludes other pressure 
testing. Likewise, the lac:k of an anml.ua precludes pressure monitoring 
as an alternative detemimnt of wll integrity. 

caitiguration a, a cased and grouted well fitted with tubing and 
packer and sealed at the tq>, sbowa a test of the casing, tubing, and 
packer. tis test cannot d1stiDgu.isb which of the three a:mp::>nents of 
the well is l.eak.ing. Ptessure monitoring of the anrmlus between tbe 
tubing and casing could also be corDlcta:l as an altemative to pressure 
testing. 

Ccmfiguration C is a cased and grouted well fitted with tubing, 
packer, and seatinq nipple. 'lb! presence of the seating nipple at the 
base of the tubing all.CMS presaire testing of the tubing uclusively, in 
addition to the pressure test and pressure monitoring as possible in 
Ccmf igration B. 

2. Prcced1res and Inteq>retation 

Both industry and regulatory agencies use and/or require pressure 
testing of the variais injection well cmp:>nents as a means of 
det:emining the presence of leaks. Ptessure tests are relatively 
inexpensive and easy to perfom in both old and new injection wells; they 
also produce results that are sinple and easy to interpret. For these 
reasons, pressure testing of the casing, tubing, and packer is considered 
the principal and mcst reliable means of det:emining mechanical 
integrity. 

Typically, pressure tests bave been perfocned at pressures 
equivalent to 125 per:cen.t Of the design operating pressure for periods 
that range fran 5 to 30 mimtes. Minimm pressure-test criteria for well 
integrity should be the maintenance of 125 percent of the peak operating 
pressure for a period of 30 mimtes. 'l!1e well is detemined to be scxmd 
if the pressure stabilizes at a point equal to or greater than the peak 
operating pressure and does not fall below tbat value. If the pressure 
falls below the peak value, the well is detemi:ned to be unsound; a 
significant leak is considered to exist, and remecHaJ measures are taken. 
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Pressure-test pz:ocerJ11res are significantly different between 
injection wells that are new or under construction and those that exist. 
Teat proc::edires are designed to take best advantage of the unique 
features of each type Of wU. 

In a new wl.l, the inner casing is usnall¥ pressure tested after it 
baa been cemented and before tbe casing shoe is drilled out. At that 
time, caaent is present at tbe bottal of the casing so that the casing is 
sealed. A seal at the tCI' can be effected by uaiD;;I a blow-out preventer 
or other easily adapted wel lbead aeal. Os1Jal ly tbe pipe is filled with 
fluid and pressure is applied uaiD;;I tbe rig md Ji'Ull) (rig md PJDPB 
ua1a1 ly can be utn ized to supply pressures up to 1000 psi; for greater 
pressures, oament Ji'Ull)ing equi.pnent is generally used) • 

If the casing dces not mld pressure in accordance with accepted 
criteria., an attap: to locate the leak uaiD;;I a noise log or t.asprature 
log may be used. Based on these fWin;ia, repairs to tbe casing may be 
made. If tbe casing holds pressure, then tbe next tests for mecbani.cal 
integrity can be undertaken. 

In an old well withc.>ut tubing or packer, tbe bottal of ·the inner 
casi.nq can be sealed with a retrievable plug (brid)e plugs or packers are 
used) prior to testing. SJCb plugs are ava.Uable to fit casings having 
inside diameters frcm l.87 to 13.37 in:bes. '!ht same sources for 
presmre noted above can be utilized. Plugs shc:W.d not be set in old or 
corr:cded steel casings that may be prone to tupture. casing condition 
logs described below are useful in determining tbe a:mprtency of a casing 
to withstand packer pressures. In the case of PVC casings or those Of 
similar synthetics, a OCllpt.rison between the rupture pressure of the 
casing and the packer presa:are should be made prior to testing to insure 
that casing strength is not exceeded. '.fba tanperature should be 
considered in this carprison. 

In old wells with tubing tut no packer, the c:utside casing is tested 
after the tubing bas been pulled and a retrievable plug set. If 
succesSful, the tubing is reinstalled and tested in tbe well. Us11al l¥, 
the tubing is fitted with a seating nipgle at the bottal. '!be tubinJ is 
then sealed at tbe tCI' and a pressure test is perf oaned. Following a 
successful teat, the ball is •reversed cut• and the well is ready for 
service. 

Both new and old wells with tubing and packer are tested by 
pressurization. '!'be meat efficient step-wise procedu:e for testing such 
a wJ.l is graJ;ili.cal 1¥ described in Table 2. It is assaned in this 
proced:are that work by a ~ical logging service 011pmy is less 
expensive than that Of a service ca11:eny capable of setting a retrievable 
packer: at the bottcm of the casing. '!his waild generally be true, 
especially considering that geq;>hysical logging sei:vices are required at 
the well site in testing for fluid movement in vertical channels in the 



TABLE 2 

PROCEDURE FOR TESTING THE MECHANICAL INTEGRITY 
OF AN INJECTION WELL HAVING TUBING AND PACKER 

STEP 
NUMBER 

1 
2 
3 

4 
5 
6 

7 
8 

9 

10 
ll 
12 

13 
14 
15 

16 
17 
18 
19 

20 
21 
22 
23 

24 

PROCEDURAL STEP 

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

CHECK FOR LEAK IN 'l'tJBING 
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 Pressuz:e 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 
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well bore, tbe secord and rmmdatoJ:y test for Edlanical integrity Of 
injection wells. 

Presa:are tests are generally conducted en the entire lenqtb Of 
casing or tubing, tut nay be staged at vaiws well depths if wrranted. 
&Uspicion of two or more independent leaks at different depths my 
justify staged testing. ax:b testing baa the potential. to lcx:ate, in 
addition to detect, a leak. In this prcce41re, a bridge plug and pteker 
are set OD q?p)Site sides Of tbe suspected leak. This proceQire is 
Q'Jl()licated and time c:ona•ing, tut nay be considered in. the event a leak 
cannot be located because of constraints on geophysical logging. 

In m instances, a reverse type of test is used to detennine 
casing integrity of a new or used well. In this test, fluid is removed 
frClll the casing. 'l'hi.s 1llJSt be done cautiously in. order to prevent casing 
c::oJ 1 apse. J1or deep wells, the evacuation is staged using a bridge plug 
and packer. '!'be space be:tween the plug anCl packer is ernicuated and tben 
obseJ:Ved to deteJ:mine whether or not fluid enters. 'l'hi.s test is cal led a 
dty test and will work only in those portions Of the casing opposite 
fOaations that are saturated with fl.Id.dB and are samwhat pe.cmeable. 

1he alternative to the pressure test in the detennin.ing leaks is tbe 
llDlitoring of mntlua pressure in the injection well. This can be used 
anly OD those wells constructed with tubing anQ packer• In this 
arrangement, the presaire in tbe aml1J.us sbculd be held lO psi a1:>ove 
a~ic presaire and retained there. 'ltds pressure would then be 
manitored by periodic cbec:ks or by c::ontim.ous recording, aloD,J with tbe 
injection pressure. A leak in the casing, tubing, or packer is indicated 
by a ch2mge in the anrW.ua pressure, either higher or lower. A leak in 
the tubing or pac:ker wa.ild pl:Obably result in a higher pressure due to 
the transfer of the injection pressure. A leak in the casing, en tbe 
otber band, waild probably result in a lower pressure. 

It is possible tbat monitoring of annilus pressure woold not. detect 
the presence of a leak or leaks that may be in equilibrium with tbe 
presaire jnpoeed en the amW.ua. To eliminate this possibility, it is 
desirable to periodi~ vuy the pressure applied to the anmlua. In 
effect, this procedure constitutes a long-tem pressure test. By vuying 
the annilus pressure, tbe presence Of leaks at equilibrium at art':/ one 
pressure will becane appmmt. 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 anmlus pressure 
llllllY occur in respmse to tbemal expansion or contraction Of the f J.W.d in 
tbe anmlus. If this influence on the arulJlua pressure is excessive, it 
may be necessaxy to monitor the tenptrature Of the injected fluid in 
order to be sure that pressure changes are solely cile to changes in the 
teaperature and not due to leaks. 
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3. Costs for Pressure 'l'ests and Mali.taring 

Costs for pi:essure testing a well are directly related to its 
construction. Par a new well or an existinq one equipped with tubing and 
packer, the teat is ainple and the cost is not bigb. In a new well, a 
pressure test is pecfocmad on the inner casing after it bas been canented 
in place, and before tbe canent at the bot.tall of tbe casing bas been 
drilled cut. Por pressure testi.rlg the casing with the drilling rig, the 
estimated cost is $400. If a cement paup is required, the cost is 
estimated to be $800 to $1,200, depending on the time the equipnent is on 
location. 

A similar cost WQ.1J.d be incurred in }ilecforming a pressure test on an 
exist:ing well M)llipped with a tubing and packer. OsnaJ Jy this can be 
dom by operating persomal, using their own or rental eqoipnent. 

Greater costs will be incurred performing a pressure test on a well 
with no tubing or packer, or only tubing. In tbe 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 DllCBt cases, a wor:kover rig rather than a standard 
rig is auployed, as it is designed specifically for these operations. 

Detemination of the cost of performing pressure tests with greater 
accuracy tban tbe estimates above is a::q'>licated by the fact that a 
•typtcaJ.. 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 
ccntrol.J.ing factor in bow lcmg it. takes to do a particular task. 
CQlpmies doing such work cbaiqe according to cnnplicated schedules that 
ircoEpOrate fai:t:ara of time, distance to tbe well, stand:Jy cbaz9es, 
working depths, and the size of the tools to be used. In the event tbe 
equipnent DJSt be used in a "hostile enviroment• Cabncmnal pressure, 
high tElll>erat:ures, or a oortoaive fluid), additional c:baz:ges are billed. 
Qmsequentl.y, because of the wrous variables that wculd be considered, 
it is inp>sa:lble to arrive at a precise cost for pressure testing. 

Sane idea of the range in costs for a pressure test is obtained by 
setting up albitrai:y emnples as~ a range of well dept:bs, distances 
to the well, time required to puJ.l tubing, set and r;emove a retrievable 
plug, and reset the tubing. '!!le fol.lowing exaa;>les asmne a 30G-mile 
ramd trip to tbe well, well depths fraa 2,000 to 6 ,ooo feet (80 percent 
of injections wells are included in this depth range), rig ti.me at $125 
per hour, and mileage cbaz:ges of $1.50 per mile. It also is assumed that 
there are delays no greater than 8 bcurs (acca:mted as rig time) cile to 
unani.cipated conditions such as site work to make tbe well nw.xe 
accessible, ptcblems in removing well-head equipuent prior to entz.y, etc. 
Costs due to lCISt production tin:e, use of alterative waste disposal 
facilities, in-hc»se adninistration and engineering associated with any 
testing are not included. 'lb! same assumptions ate used to develop costs 
for perfotminq a test on a well with no tubing, but for which a rig is 
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required. In this case, no rig tiE is needed for p11Jlling and resetting 
tubing. 

COsts for per.for.:m:ing tests under tbe above assumptions a.re listed 
below (estimates a.re in bmDS of 1980 doJ Jata and rounded to the nearest 
$100). 

working l)lgth 
Cfeet;l 

2,000 
3,000 
4,000 
s,ooo 
6,000 

pn;imtpd <;ret;a 
Witb 'lllbi'll i Without TUbiog 
Ptc$'.er & ftK*er 

$ 6,400 $ 5,600 
$ 7,400 $ 6,000 
$ 8,300 $ 6,400 
$ 9,200 $ 6,900 
$10,200 $ 7,400 

The cost of contimous monitoring of the anmJ.us pressure is for 
instrumentation and personnel. A recording pressure gauge or water-level 
recorder can vary in cost fraa one to several thousands of dollars, 
depending an the features. Persmmel costs wcuJ.d depend upon the needed 
frequency of maintenance and repair of the instrument. Because of the 
high degree of variability in the costs associated with contimous 
n:mi.toring, no estimates a.re llllde. 

The cost of non-con:tina:ls monitoring pressure in the annJl us between 
the tubing and casing is almost exclusively for personnel. Tbe only 
equ.ipnent cost is that of an aca.irate pressure gauge or mncmeter, which 
sbculd amcunt to less than $100. If, for ~le, it is ass.med that a 
weekly reading of the annilua presaire is made by an injection well 
•operator,• and that it takes appcozimately 15 mimtes to read and record 
the pressure, the ana1al cost of monitoring will vai:y with employment 
al8ts. If the total employment cost is $25/bour or $50/lolr, the am1Jal 
cost will be $325 or $650, respectively. 

In practice, the measura:nent frequency of the anrulus pressure will 
depend on the operating scbedule, the stability of the measured pressure, 
the influmce of ta;erature c::banges on pressure, and perhaps other 
factors. 

4. !itl>ical Regllira:nents of Selected States 

Tbe rules and regulations of the states with regatd to m.i.nim:ml 
standards in the perfocnance of pressure tests and anrlll.us monitoring a.re 
highly variable. While D:ISt states recognize the need to test an 
injection well for its mechanical integrity, they do not specify details 
of the test. A cc11111>n approach used by nany states is to require the 
well operator (permit applicant) to design and perfor.:m a pressure test 
and to sutnit the pressure tests data to the recaulatoi:y agency, wlx> then 
reviews the data and renders a judgment on the integrity of the well. 
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other states make a j11\)1ent of well integrity based an tbe casing and 
canenti.ng progrm, as well as geologic and envi.ronaental criteria. 

In contrast to pressure tests or annilus monitoring as required and 
specified for all cl asses of injection wells in Section 146 .08, several 
states require tests that apply to specific types of injection wells. 
Qclatvw, for e••ot•le, requires a pressure test on tbe casing of brine 
disposal wells at 300 psi or tbe authorized operating pressure, whichever 
is higher. Qi industrial disposal wells, where tubing and picker 
construction is required, tbe anmlus press.ire mst be at least 20 psi, 
and monitored cont.inJ01a1;y. 'l!le tubing in tbese wells DUSt be 
independently tested to withstand tbe higher of 150 percent of operating 
pressure or 300 psi. 'l!le state of Michigan also distinguishes the type 
of tests required for injection wells of different classes. Distinction 
in pressure test requirements is made in califomia betwem •a:1st>ore• and 
•offsbore• injection wells, tbe offsbore wells being more stringently 
controlled. 

Because pressure tests can be performed on tbe casing, tubing, or on 
tbe well anmlus, and at variais pressures for variais durations, and 
repeated with variais frequencies, it is not surprising to find 
considerably different standards CllllOD1 tbe states. 'l!le states Of 
Michigan and Oklaixma require pressure tests at pressures of 133 percent 
and lSO percent (or 300 psi, wbicbever is higher) of the operating 
pressure, respectively. 'l'te state of Florida requires pressure tests 
conducted at lSO psi with no pressure loss on certain CJ.ass I wells. en 
offsbore wells, tbe state Of california requires presaire tests at 
specific mi.ni:aum pressures for each casing string aupl aced. 'bse 
pressures depend upon tbe bottcm depth of the casing. MOSt states that 
require pressure tests do not specify the testing proceaire. 

'!be duration of pressure tests and mini.mJm performance criteria al.so 
ar:e rarely specified by state regulator;y agencies. '!be pressure during 
tests as required an offshore wells in california for exart>le, is not 
al l<M!d to decrease by more than 10 percent in 30 minutes. 'lb! duration 
of a pressure test is one factor that regulators tend to leave to the 
discretion of the injection well operator. 

Pressure tests ar:e required once and only once by the majority of the 
states. Of those states that require more than one pressure test in the 
useable life of a well, califomia requires a test of onshore wells every 
six months, and Michigan requests tests biennialJ;y on brine production 
(injection) wlls. Again, there is no consensus of regul.atoey opinion. 

Requirements for manitorin.;J tbe anmlus pressure do not vuy as 
widely as pressure test requirements. Mc.nitoring of the anmlus by 
manual measurement in Class I wells is required with a weekly frequency 
in Louisiana, while in Cltlahara and Texas continuous monitoring of the 
anrulus pressure is required. Ccntinlous monitoring is optional to 
pressure tests in several states. SUCh continlous monitoring involves 
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the use of a recording pressure-measuring device., similar in c:oncept to a 
recordi.DJ bm::anater. 

b pressure to be inp:lsed on the well anmJ.us daring mcmitoring is 
generalJi not specified in state regulations. Qle exception is Qclabana, 
which requires that a minim• of 10 psi be c:onstantly maintained on the 
well anmJ..ua. 

In awery, no c:onsensus of pbilcaopby or miniDum. requirements with 
regard to pressure testing exists~ the states. ~of injection 
wells and/or prci>lms with injection wells that are peculiar to a 
particular state have la.igely detemined tbe rules and regulations a 
state bas illplementecl. 

m. GtXH!SICAL ux;s RQJIRfD IN mB OIC Rm1U4'IQE 

PraD among nmy of geq')hyaical logs avai J able fraa tbe mjor seJ:Vice 
o 11p.mies, two are especially valuable in the detection and location of 
leaks and behind-the-casing fluid JDCVE1E1t in injection wells. 'ltiese are 
the noise log and the temperature log. Because of their unique 
abilities, ooe or the otber of these logs is required in tbe test for 
mecbanical integrity as specified in section 146.08. 'lb! cost of these 
logs depends on the distalJce travelled by the service canpany, the type 
of log, time on site due to delays, and the pricing scbedule of a 
particular cc111enyi thus, c:oneiderable va.tiation in cost per logging 
survey will result. 

'lb! geophysical logs described in this section and in section N are 
applicable to t:be ajority of injection wlls. ~, wells will 
inevitably be enc::ount:ered t.bat c:ontain ctistacles, snags, or other 
p:>tential bazaJ:ds to the logging sonae. In order to protect tbe survey 
sondes, it is geoeral practice to cbeck tbe well clearance with a 
nm-active and inexpensive •ammy.• Also referred to as a sinker bar, 
this is a si:aple, smootb-surfaced, weighted bar having the approxi.Jmte 
dimensions of the survey sonde that is to follow. SUC:cessful l.CMering 
and retrieval. of the dint' in the well adds assurance that the desired 
sw:vey(s) can be successfully performed. 

Another pre-survey inspection of the well condition is the 
televiewer, which yields a visna] record of tbe well bore. 'lb! use of 
the televiewer is 1.amJ ly reserved for a prd>lems that cannot be 
identified by other than vi,sna] neans. AQ?lication of the televiewer is 
limited to casing sizes 4 inches and greater. 

In wells that cannot be logged because of configuratiOn or size 
amstraints, there remains no option to testing the well by 
pressurization. Testing for behind-the-casing fluid moveraent is thus 
precluded. 
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1. Boise !"5! 

'lb! noise log was developed to detect and locate noise due to JDCJVing 
gases and fluids and is therefore well suited for mecbanical integrity 
testing. 

a. Basic Principles and Ptesentation 

A noise lcgging tool detects sound energy created by tbe turt:W.ent 
flow of fluids maring througb c:hannels, leaks, or any fluid 
constriction. Sound energy frcm a noise source is detected through 
cement, casing, gas, and borehole fluids. Samd is detected between 
the frequencies of 200 and 6,000 Bz and converted to an electrical 
signal. '1'ta legging tool or sonae is basically a sqilistic:ated 
micr:opbom. '1'ta resultant electrical signal is transmitted via 
cable to surface electronic equipnent where it is recorded. 

'1'ta noise signal has a 1111Ve fom cc 11posed of a nlli:>er of 
frequem:ies. Signal intensity irdi.cates the presence (or absence) 
of fluid mavement, leaks, etc. 'lb! noise log is a record of tbe 
a11>litude of tbe signal, expressed in N:. millivolts. Because 
noises associated with mvanent of the tool and wire-line in the 
borehole will msk. cut noise pz:cduced by leaks, movement, etc., a 
noise log is run1aJ 1;y made with the tool in a stationa.:cy p:>Sition and 
the survey is taken on a station-by-station basis. 'l!:ds sw:vey 
t:ec:bnique is unlike other logs wbiCh provide a ccntima.1a record of 
the measured parameter with respect to depth. Rec:Ently, noise 
logging tools have beccme available which can make a continuous 
record by eliminating the noise signal generated by tool movement. 

In addition to analysis of the fllll>litude of tbe noise signal, a 
frequem::y analysis can be made to detemine the rate of flow through 
tbe cbaMel and whether tbe detected flow is liquid, gas, or a 
cad:>ination. QJcb an analysis, bcMever, is generally not essential 
for mechanical-integrity testing. 

b. Application 

'lb! noise log can be Wied in flui~ or gas-filled casing. Tool 
diameters as anall as 1.5 inches al..lw application in tubing bavinq 
diameters of 2 inches and greater. 

AJ;plication of tbe noise log is basically tbe same for any of the 
three classes of injection wells discussed herein. b construction 
of a well, and whether or not a well is fitted with a tubing a:nd 
pac:ker make little difference. 1he only effect tbe construction of 
a well nay have on a noise log wrold be on the a.aplitude or strength 
of the noise signal. Because tbe signal is interpreted relative to 
background noise levels,. it is not of major concem if it is 
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sanarhat attenuated, as lmg as it is clearly dt.a:::emible fran the 
background. Signal attenuation will oca:ir in a well where the log 
is taken inside the tubing or in a laxge-diameter well when 
attenp:.ing detection of a bebind-tl::le-casing leak. 

'.Ebe noise loq is applicable in both steel and PVC casings. In steel 
casing, sam Eller9Y is tranauitted along tbe casing lmqth more 
readi J y than in PVC. PVC casing, Cl'l the other hand, absol:bs the 
scux1 more than steel. Given a noise Of eqnal intensity behind a 
steel or PVC casing, the noise waild be more intmse, and presen.t 
over a J.mger casin) length with steel casing. b less in1:ease 
noise arriving t:bJXJugb tbe PVC casing, however, would nevertheless 
be detectable. 

Significant noise can be detected in a steel casing at a distance Of 
up to 200 feet above or below tbe source. In practice, it is 
custanaz:y to make station steps at depth intervals of 25 to SO feet 
mtil a noise source is detected. In order to pinpoint the location 
Of a noise source, a station-stop interval Of l or 2 feet is 
appr;op.r:iate. trnless a noise source is detected, noise loggi.DJ can 
be nearly as rapid as contimous types of lcggi.DJ. Because each 
station stq> requires abcut 3 mirutes, however, steps that a:ce 1 to 
2 feet apirt will obviously C'Ol1Sl1I& considerable time. 

c. Interpretation 

For mecbanical integrity testing, it is SUfficient to consider the 
noise log in its siDt>lest form-a trace Of noise intensity vs depth 
in the well. Inteq>ret:ation in a steel or PVC casing is basically 
tbe same ucept: for the signal attentuation in the PVC well. 'Ibe 
amplitude Of the noise log signal without fUrther analysis of the 
noise spectrum. cannot distinguish tbe direction of fluid flow, the 
rate of flow, nor can it indicate whether liquid or gas creates tbe 
noise. 

A typical noise log is illustrated in Figure 6. In this e:xaaple, 
fluid enters a channel behind the casing at a point q;JpOSite a 
peIJll&li:>le bed, mcwes upwam, and departs tbe channel as it enters 
another peCDeable bed. Several iup>rtant facts are revealed in this 
exaoiple. Pirst, noise levels a:ce greater than the background level 
over tbe entire length Of the channeled section where fluid is 
llOling. Secord, the t:cp and bottan peaks indicate the points Of 
fluid entry and departure. 'Ibe flow direction c:ould have been shewn 
downwat'd on tbe di.aCJr• and the log would have looked essentially 
the same. Tbi:cd, tbe middle noise peak on the log, the result of a 
constriction in the cement dlannel., . c:ould have been shown as another 
point of entry or departure and the noise log wculd have remained 
tbe same. 
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In c:Qli)ination with other logs, tbe capability Of the noise log is 
enlvmced. For •••nple, the tallperature log may indicate the 
direction of flow th.rcugh the well bore after fluid a:mment is 
first detected by the noise log. Tbe direction of f]uid DXM!Dent, 
however, may not be indicated by either log inaependently. 'lb! use 
of more than cme geophysical log is a vei:y o 1111on technique that 
shculd be used whenever eco1YJ11ical l¥ possible to confim a 
diagnosis. 

2. 'l'alprature Logs 

~ature logs are aDOBJ the oldest Of all geophysical surveys and 
are in widespread use. .Along with the noise log, the tf:llptrature log is 
cme of the optional tests used to confim the absence Of fluid movanent 
in vertical cbannels in the well bore. It also has bi9h utility in 
locating leaks thtcUgb casiDJ or tubiDJ. 

a. Basic Principles and Presentation 

b tenptrature log is basically a record of the tmperature and its 
variation with depth in a well. A temperature sensor is lowered 
into a fluid-fi 1 Jed well on a wire lim. b device that measures 
tmperature is a theJlllistor, which Emits an electrical signal that 
is proportional to its tmperature. 'Dli.s signal is relayed to the 
surface where it is represented on a strip chart that 111JVeS in the 
directc:n of increasiDJ depth below tbe surface. The talp!rature log 
has an accuracy of at least o.s degrees P, and may be as great as 
O .01 degrees P. b operating range is generally frail O F to 350 P. 

It has beane o 111101 to run a differential talp!rature log 
simlt.aneonsJy with the tawprature log. 'l!iis log is a record of 
the difference in tf:llptrature between two tbei:m.istors separated at a 
measured distance cm the sensor probe. In essence, it serves to 
highlight those zones in tbe well 'Wbere the tal(:lerature is cbangiDJ 
rapidly as indicated by the teq;erature gradient. Both the 
teq:>erature and the differential t:eqrerature are recorded and 
presented in the same fashion, and most cc •@c>nly side by side on the 
same chart. 

'JB:perature varlations detected in wells are both natural and 
artificial. Tbe manner in which the teq;erature departs fran 
natural background te:aperature yields a diagnosis of well conditions 
including fluid movement behird the casing. in. temperature of the 
earth increases with depth below the surface at a rate Of 
approximately 1 degree P per 100 feet (the geotbei:mal gradient). 
'lb!re are many exceptions to this generality, especially in the 
upper hmdred feet or so where ground water circulates and 
temperatures may be influenced by seascmal variations. 'lb! 
i:Elq?erature at a depth of about 100 feet is generally abcut 3 
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degrees P great.er than tbe mean anmal. air t:aq;erature at any 
location. Below this, the teaperature rises in appr:oxinately linear 
fashion with depth. variations in tap!rature due to natural causes 
are usually quite gentle and follow SIDC01:h trends. In contrast to 
natural trends, tl.!llprature changes clJe to well cbaracteristic:s are 
likely to be abrupt, and therefore clist:inguisbable. 

b. Afipllcation 

~ature logs may be run an fluid-filled casings as anal l as 
two-inc.bes in diameter, and are femible in any class of injection 
well. Wells of a putic:ular design in any class, bcwever, may 
present aim:tlar p:coblens to the application of tbe t:aq;erature log. 
A well fitted with tubing and packer, for uample, requires the 
removal of the tubing in order to properly detect. or locate flnid 
IDO'IEllellt bebind tbe casing. tis is because tap!rature ancnl i es 
may not be transd.tt.ed tbrcugb tbe armilua and tubing. 'l'allperature 
logs are applicable in both steel and l?\lC casings. Because of the 
lesser heat c:onductivity of PVC, however, themal ancn.lies 
tranani tted tbrcugb the casing wail.cl be sanewhat d;bni nished. 

For the pw:pose of detecting and locating fluid movement behind the 
casi.rJ:J, temperature logs sbculd be taken under ccnlitions of thermal 
stability. A ta1;:erature log of a flowing well will. reflec:t the 
1:ap!rature of the flowing fluid in the entire cased interval, 
1lllltiD,; detection of a relatively minor teqerature difference 
inpmsihle. In sud>. a well tbe pi:cbe and wi.reline wail.cl have to be 
placed in tbe well and the log run through a device known as a 
stripper bead or lubric:ator in order to step any flow and prevent 
spills. 

Another well condition that nust be avoided is that of a recently 
c:amnted well, where tellp!ratures will reflec:t. the heat of hydration 
of the cePent. tis heat is sufficient to mask the minor 
differences acugbt in the taptrature log test. Many days may be 
necesau:y for the beat of hydration to dissipate in the vicinity of 
a well. 'Iba tim required will, of course, vary with well 
dimensions. If tbe temperature of a well is neasured before 
c:amnting, it then becanes a sinple •tter to wait for the well 
taq;erature to retum to near this point after cementing, in order 
to run an acceptable tap!rature log. 

'l'.be diamet.er of the well is yet an.other factor that can a>ntrol the 
efficacy of the taptrature log. '!be degree Of correlation between 
tbe temperature log and.the t~ature at or behind the casing is 
reduce!d in a latge-diameter well (greater than 12-incb-diameter) &le 
to the tbeillal attenuation that occurs bebleen the source of the 
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anmal¥ and tbe legging pz:d)e. 'l11e tenperature leg of a 
l.al'ge-diamter ho.le also may reflect an inverted taaperature 
relationsh:lp wherein tbe warner flnid near the bottan of the well 
baa migrated tcwarda the tq> due to its relatively greater bcl1yaDcy. 

c. Interpretation. 

fluid leaks and JI01elllellt in cbarmels behind the casing will display 
characteristic signatures on. bqerature logs. ~ical bqerature 
logs are shewn in figure 7-A, B, and c. Ex:mrple A sbows an 
ideal 1 zed geothermal · gradient that typifies a taaperature log in a 
stable well wit:bout behind-the-casing fl.Hid lllOV'elDel'1t. 'f!xmrf?le B 
sbows, ~ Cll tbe geothermal gradient, an ananaly in 
taaperature di.le to the Ck:Jw.lwud DlOV'Ell!Dt of fluid. 'Dle cbmmel 
conr3ucts the relatively COCller fluid to J.Qliel' level tbus causing a 
J.owi.-tanperatw:e tw.ge in the rumnal gradient. B1anple c shows the 
OJ?l.X)Site effect wbere the upe.td lllOVl!!altnt of fluid causes a 
biCJb-tm1?erature balge in the normal gradient. · 

Departure of a temperature log fran the geothermal gradient may be 
ciJe to many reascms other tban leaks or fJJ1id movement behind the 
casing. As allndpd to above, the geothermal gradient is a general 
c::cncept1 in reality, the gradient. may deviate as a function. of 
va.riaJ.S subtle factors. Several of these factors that are most 
likely to be encountered incl1Jde the beat associated with voJ.can:i.c 
rocks (intrusives), variations in heat cor.duct:ivity of geologic 
formations, and the flow of ground water. In order to understand 
bclw these influences to the average gradient may be manifest in a 
well, substantial infoD11.tion. on the geology of tbe subject area is 
essential. Por example, is the area known to be influenced by 
geologically-recent volcanic activity? Are there significant 
differences bet:wem the beat conductivity of adjacent geologic 
strata? Do significant aquifers exist in the borehole int:er:val? 
What is the ground water flow path, and does ground water gain or 
lose beat to identifiable geologic features? Do gramd-water 
convection eel ls exist in the aquifer? · 'Dle answers to these 
questions may provide the key to tanperature log interpretation.. 

Within the context of the above, interpretation of a teprature log 
as a nacbanical integrity test DUSt. address the relative size and 
vertical height of a tbellDllll anamly. If the accuracy of the log is 
0.1 degrees r, the average geothermal gradient 'WOUJ.d have to be 
disturbed in an interval of at least 10 feet in the vertical 
direction in order for a theIJDBJ. anamly to appear. A mininunally 
detectable ancimly wonld tbus indicate behind-the-casing flow 
through an interval Of 10 feet or greater. Analalies caused by 
fluid DIJV'81lellt fran one to another are likely to be considerably 
greater in vertical height. Close to the land surface ( <100 ft) , 
seasonal effects and rapid ground-water circulation may 
significantly alter the geotbellDllll gradient making it unsuitable as 
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a standard background for the detection of a tbeaaal. ananaly. For 
this reasoo and others,. the average geotbemal gradient should not 
be consicJered the only acceptable standard back.ground for the 
detect:on of a the11D1l ancmaiy. In reality, q deviation in 
teq;erature frail an otherwise SDDOth trend in teap!rature sbcul.d be 
suspect as indicative of undesirable fluid JDCMIDel'lt or a leak. If 
ava:l1able, teap!rature logs run before well c:mptetion can. be used 
to estab1isb a background reference. As in the case of the noise 
log, tewprature logs sboold be interpreted with tbe aid of other 
geophysical logs to e]jmjnate amiguities. 

J.V. ADDI'l'Ia.L GEX'.lPH!S.IC'J\L ux;s ~ MAY BE 1lS!D R>R DE'lDMINI?I; 
MfXliANICAL mrEGRI'1Y 

Aside fraa the noise log and taparature log, many other geophysical 
logs have tbe ability to indirectly indicate problems with tbe casing and 
canent grout of an injection well. ':Ibese logs may be used as 
supplanentary to the required log or as· altematives. For use as 
alternatives, they require tbe written approval of the El?A Mninistrator 
(such approval will be pd:>] i st.d in the Federal Register and may be used 
in all states unless restricted by the Adninistratcr). Several or all of 
these logs may be run while the loggirJJ service a "\arty is on-site for 
the required log. 

l. Badioa.ctive Tiacer Log& 

Radioactive tracer logs can be used to det:emine the travel path of 
fluids wherever a sma11 quantity of radioactive material can be injected 
into the flow strem. 'Die potential of the radioactive tracer log for 
confirming the mechanical integrity of an injection well lies in its 
ability to trace the movement of fluid behind the casing. 

a. Basic Principles and Presentation 

b radioactive tracer survey consists of malting a caaparisoo of two 
ganm rtrf logs, me run before and one after the injection of a 
sma11 quantity of radioactive tracer material. Following the first 
game rtrf log that establishes the background reference, tbe 
injection is made in the well in the vicinity of where a leak or 
fluid mavement is suspected to exist, so that the tracer material is 
taken into the flow stream at the leak. 'l'be secord gamm rtr:1 log is 
then taken and the pith fol.lawed by the tracer through the leak is 
described by higher than background gamm radiation on the log. '!'be 
superposition of the before and after gamaa rtrJ logs is the 
radioactive tracer log. 

'!'be probe or sonde used in making the radioactive tracer log 
consists of a tracer ejector and one or more gamrre rfl! detectors. 
There is nsml] ly substantial flexibility in the J;ilysical arrangement 
Of these ccnpments in the probe assenttl.y. A radioactive tracer 
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material having a vecy short half life is injected into the well, 
tubing, or casing, in snal l quantities of abaJt 0.1 ml each. Even 
with this emnJ l amount of tracer fluid, there is usawl ly a 
amstantial. contrast in ga111e radiation intensity between the 
natural background aource and the injected tracer sairce. The 
tracer most 01111only used is Iodine 131 wbicb has a half life of 
8.04 days. 

The method of tracer log presentation is the straight-forward 
superposition of '::?''••• r1!1!f logs with the radiation intensity 
expressed in cycles per seconclor API units. The two log traces are 
ns1a] 1¥ distinguished on the c:hart by the type of line used (solid, 
dashed, or dotted) • 

b. JH>llcati.on 

'J:he radioactive tracer log bas application in all injection-well 
classes, in all casing materials and designs, in casings having 
diameters of 2 inches and greater. The met:bod of application, 
however, differs according to tbe nature· of the suspected leak and 
the well design. 

In the case of injection wells with no tubing, the radioactive 
tracer log can be used to trace the mvement of fluid through a leak 
at any point in the casing, or beneath the bottaD Of the casing and 
into cbannels in the caoent of the well bore. Foll.awiDJ the first, 
or background gamm r1!1!f log, a dose of tracer material is ejected 
near ·the suspected leak. After an appropriate period for the tracer 
to enter the leak, the casing sbculd be flushed and another gm 
U1J log run to detect the remnant tracer material behincl the casing. 
Additional ganm UlJ logs can be run periodically to observe the 
movement of the tracer with tina. 

A similar procecllre can be used to detect leaks in the tubing Of an 
injection well. In the case where fluid movement exists in a 
cbannel behind a leak.less casing, however, there is no way to eject 
the tracer mterial into the strem of fluid to trace its movement. 
In this case, the radioactive tracer log is not applicable except 
for testing the adequacy of the canent at and irrmedi.ately above the 
casing shoe. 

'l'.be operating limits of the radioactive tracer log are defined by 
the detectability Of the tracer material. The detectability is a 
function Of the radioactive strength and the amamt of tracer, the 
f1ar rate through a leak and the contrast between the injected 
radiation and the natural background radiation. Except for the 
tracer dosage, these factors cannot be controlled. 
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c. Interpretation 

'!'be interpretation of tbe radioact:i.ve tracer log involves tbe 
ocmp.risal of gann rtiff logs taken before and after tbe introduction 
of tracer mterial (Figure 8). If the well is flushed after the 
injection of tbe tracer, then an increased gann radiation shown in 
the seamd log waJ.ld indicate the point of a leak. well fl.IJsh;nq 
waJld not be necessa.ey if enm;b time were aJ.lowed after tbe 
injection of the tracer and before the second gamma log, so that all 
the tracer ccw.d have migrated thrcugh the leak. An ananal.y that 
persists in an un:flushed well and the absence of an ananal.y in a 
flushed well indicate the absence Of a leak. 

An anamly my exist at a &m.Jle point (depth) and indicate 
horizontal migration of the tracer t!1t111!tfJ fran the well, or an ananal.y 
nay spread over a range in depth and indicate vertical movaaent Of 
the tracer and tbe presence Of a c:bannel behind ti:.t casing. '!'be 
interpretation Of a radioactive tracer log, like other logs, should 
be tmpered with clues fran all possible sources, especial Jy other 
geq>bysical logs. 

2. CE!lll!nt Band Logs 

'1be cement bond log was develq>ed specifically to detetmi.ne tbe 
condition of cenent behind the casings. It is applicable in wells having 
diameters Of 2 inches and greater. By itself, it does not indicate 
whether fluid mavement ocairs, tut it does indicate if the potential for 
fl.Id d IDCV'aaent exists (i.e. ·the absence Of cement or tbe presence Of 
cbanneJ.ed canent) • .Amther sw:vey tbat also detemines the condition of 
the cement behind the casing is a11111mJ.y run sim1Jtaneously to the canent 
bond log. This cmplemental:y sw:vey is ca] Jed the 3D Velocity Log by tbe 
Birdwell Divisicn, the AcoUstic Signature Log by Dresser Atlas, the 
variable Density Log (VIL) by SChluab!rger well Services, and the 
Microseismcgram by Welex. 'l1le fol.lowing describes both the cement bond 
log and the VDL (choice Of this nme inf?lies no preference). 

a. Basic Principles and Presentation 

'!'be principles Of the cement bond log and VIL logs offered by the 
various CCJ1P1Dies are essentially the same. '!'be logging sonde is 
equipped with a trananitter and two receivers. 'l1le receivers ate 
set at different spm;ings1 one is utilized for the cement bond log, 
and tbe other for the VDL. 'Dle transni.tter snits a signal with a 
ringing frequency of 20 to 25 kBz (kilohertz) that is radiated in 
all directions. 'Dle tool is centralized within tbe bore hole and 
run on a wire liner a continuous record is made. 
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'!!le cement bond log receiver, which is USIJal 1¥ set three feet fran. 
the transa.itter, detects and measures the aa¢i.tude of the first 
arrival of the scxmd energy. In effect, this logging method depends 
on the difference between the energy loss of a sound pulse traveling 
tb.rcugb casing that is standiDJ free (no bond) in the bole, and the 
energy loss of a pJl se travelling tb.rcugb casing that is fiJ::mly 
bonded to a bard •terial of a low sonic velocity, such as canent. 
'lte sound pulse will travel through free casing with very little 
attentuation, whereas the sonic pulse loses energy cont:imcusly to 
the cement sheath and a lat9e signal attentuation results when the 
c.anent is fimly bonded to the casing. 

By recordiD;J the amplitude of the first arrival, it is possible to 
locate points in the cemented section where the bond may not be 
adequate and a potential for fluid DnEDlellt exists. Laboratoi:y 
experiments have shown that the signal attentuation in canented pipe 
is proportional to the pei:centaqe of the casing ciramference that 
is bcxJded with cement, and that a decrease in attentuation to less 
than 70 to 80 pei:cent of the maximm value may indicate cementing 
problems. 

'Dle VDL log, wben used in conjunction with the cement bond log, can 
provide additional infomation on the quality of the cement. The 
VIL receiver on the sonde is usnall¥ set 5 feet fran the 
transni.tter. Basically, the VDL log is a J;ix>tographic display of 
the arrival of the sonic signal as pIOduced an a special 
oecill.oscq>e. '1be photographic record of a VDL log appears as a 
series of alternating light and dark bands representing variations 
in positive and negative signals. A contimous record of the wave 
train is made as the logging tool is raised or lowered in the bore 
hole. 

A typical presentation of a cement bond log and a VIL is shown on 
Figure 9. 'l!Jese logs were taken in a bore bole in which known 
portions were cemented and uncanented (the lD1CeDel'lted portion was 
gravel packed). 'lte uncaoented part is shewn by a high amplitude 
signal ai the canent bond log display (no signal loss to the 
foxmation), whereas the canented portion of the casing is indicated. 
by the low amplitude of the signal. 

'1be VDL display indicates both the condition of the casing-cement 
bond and the fomation acoustical coupling. 'lte earliest arrivals 
sbown on the VDL display indicate the condition of the casing-cement 
bond and lend verification to the cement bond log. Later arrivals 
indicate the condition of the acoustical coupling of the cement and 
the fonnation. If the cement is well-coupled to both the casing and 
the fomation, the later arrivals on the VDL are indicative of the 
fonnation characteristics as the sound energy penetrates deeply. 
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The VIL display (Figure 9) shews a characteristic, strong, •free 
pipe• signal which gives the appearance Of the undistorted 
alternating light and dack bands. In thi$ zcme, no signal strength 
is lost to tbe focnaticn, accounting for tbe rather sbatply defined 
VIL display• 

In •m ey, tbe cenented portion Of tbe casing is cbaract:erized by 
the low e111>lltude signal on tbe canent bond log, the weak almost 
indistinguisbab pipe signal on tbe vm., and tbe wavy, and 
irregular fol:mation signal CXl the VDL. 

b. 'IPlication 

'lb! canent band log and VIL bave application in det:emininq 
mechanical integrity in arI!f injection well that bas a canented 
casing. wells with tubing, boweV"er, can only be surveyed after the 
ram:Jl18l Of tbe tubing. In PVC casings, results Of the canent bond 
log are SCJIEWbat c:anpraaised because of signal attenuation. 'lbi.s 
can be at least partially overcane by cxmparing the log response Of 
a canented interval with an interval knam to be free Of canent. 
Ancmalcws signals that appear in the cemented interval and show 
similar characteristics as the uncanented interval, indicate 
suspected locations Of poor hancung. 'lbi.s testing technique, t.o the 
extent possible, shculd be iDpl.Emented on all casing types. The 
condition and extent of canent bonding behind the casing are strong 
indicators of tbe medianical integrity of a well. However, these 
logs only indicate the presence or absence of an adequate bond, and 
do not detect fluid movement. 

c. Interpretation 

The i.nt:etpretation of the canent bond log and VIL is described 
above. 'Dlis description is sufficient in tbe •jority of cases 
where well integrity is being tested. There are, however, several 
aditioml interpretive problems (such as distinguishing a 
micoranmlus frcm c:bannel.ing), that require a more detailed 
knowled;e of these logs and probably fw:tber tests. These problems 
are unusual and not considered essential to understanding the basic 
use Of these logs. 

3. caliper Logs 

'l1le ('alipu Log is a straigbt-fotwaEd record of the borehole or 
casing diameter as it varies with depth. The application of the caliper 
log as a tool t.o determine the mechanical integrity of a well is made 
only for tbe detection Of the most exaggerated distortion in the diamter 
of a casing. Alt.bough the caliper log cannot detect leaks or fluid 
IllD'IEIDe1lt behind the casing, these problems may occur sanet:i.mes in 
association with a distorted casing. 



23 

a. Basic Principles and P:cesentation 

'lb! production of a caliper log entails tbe lowering of tbe caliper 
probe to the bot:taa of the borehole, releasing the detector UDS, 
and raising the probe in the borebole to produce a record of the 
variation of borebole dianeter with depth. b probe consists of a 
central shaft fitted with tmee or mre hinged a.ms that fold 
against springs into tbe side of tbe shaft when fUlly retracted. As 
tbe probe is pnlled U'pllllaI'd in the borehole the detector ams extend 
where tbe borehole has a larqe diameter and retract at locations 
having a mall dianeter. b movements of the ams are converted to 
an electrical signal that is transmitted to the surface and recorded 
ai a plot sbcwiDJ the average borehole dianeter versus the depth. 
b borehole or casing diameter is usmlly calibrated and recorded 
in units of inches. 

caliper probes having f Cllr or siz detector a.ms are available that 
enable the det.ennination of the shape of the borehole cross-section. 
This is useful in mechanical integrity testing, as the sbape of a 
distorted casing cross-section bas a significant bearing on the 
determination of the degree and possible cause of casing damage. 

b. AA;>lication 

'lb! caliper log, like other logs, is not limited or less applicable 
to arri one injection well class. It is equally applicable in steel 
and PVC casings. Well ccmstruction, however, does Eke a 
difference. Tubing wells nust have the tubing removed before the 
casing can be logged. 

b q>erat.ing range of a caliper tool is oc ""' N.y fran 4 to 24 
inches, with an accuracy over this range of l/ 4 inch. 'Wells being 
tested for mechanical integrity wcu.ld seldan have dimensions outside 
these limits. Tools cap!lble of measuring diameters up to 60 inches 
are available. 

c. Interpretation 

b caJjper log is interpreted in a straight.-fotward manner. 'Die 
average well diameter measured at any depth is the diameter 
displayed cm the strip c:bart. A six-am caliper log will be 
represented by fCllr traces on the log. O:le trace represents the 
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average diiJIPter Of tbe casing borehole. '1'be raaaining three traces 
indicate tbe diameter Of ead1 Of three pairs of ams. 'lb.Js, 
differences in dj_.ter ard cross-sectional borehole sbape can be 
detemined. 

4. casing Ccnlition Logs - '1'be 'tbidmess Log 

Rea>gnizing that corrosion and its effect on the mechanical 
inf:earity of a well is an inp>rtant factor in tbe econmic production of 
hydrocubons, geopbysical logging cxmpanies have developed logs to 
detm:mine tbe condition of well casings. 1Wo distinct. prilx:iples Of 
detection are Employed in these logs. Por convenience sake they will be 
referred to as tbe thickness log ard the pipe analysis log, although the 
names vary with each logging o 11pny. 'nlese logs are applicable to wells 
J:aving st.eel casir.IJB and tubings and are indirectly irdicative of the 
mechanical integrity. 

a. Basic Principles and Pxesentation 

'1'be thickness log, also referred to as a magnelog, employes a sonde 
on a 1111.ti-cxmductor wireline and surface electronic circuitry to 
detect and anplify the signal and reproduce it in COm7mtiona.l. log 
form. '1'be casing thickness is evaluated by masuring the phase 
shift of a lclir-frequency alter:nating current signal Elllitted by a 
transmitter coil and detected by a receiver coil spaced at a fixed 
distance fraa the transmitter in the scnde. 

'1'be tranaaitter coil sets up a magnetic field inside of the casing, 
in the casing itself, and outside of the casing. '1'be receiver coil 
is spaced so that it interCepts only tbe lines of magnetic flux that 
pus outside of tbe casing. Because the lines of flux DllSt pass 
through the casing at blo places, the i;:tJase of the induced current 
in tbe receiver coil leads t:bat of tbe transmitter. '1'be flux lines 
pass thr:ou:gb. tbe casing more or less perpendicular to the casing 
wall. Ca'lsequently, pipe thickness affects the piase shift, with 
the naxinn piase shift (for a given section of pipe) being where 
tbe wall thidmess is the greatest. 'Iba log, therefore, takes 
advmtage of this relationship to give an umcati.on of the 
condition of the casing by using changes in the pase shift to 
measure thickness variations. 

b. .Application 

'1'be thickness log will function in· flllid-fil Jed steel casings fran 
4-l/2 to 8-5/8 inches in diameter. It is applicable only in 
metal 1 ic casings. Because a relatively l.al'ge area is investigated, 
the tool has a limited resolution and the snallest casing defect 
(bole) it can detect is abQ:at one inch in diameter. '!be thickness 
log cannot distinguish between inner-wall and outer-wall defects1 
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however, when used in a:>rrjunction with the pipe analysis log, it can 
be used to distingnisb which of two C:CID!lltric casiBJs is defective. 

c. InteJ:pretation 

casing' is manufactured in a variety of dimensions, weights, and 
alloys. Each will respond to the th:idcness log in a different 
manner because of variations in the magnetic and electrical 
characteristics of the casings. Because of these differences, 
proper interpretation of the log requires a knowleci.Je of the 
diameter, weight, and type of steel casing being logged. SimUarly, 
the locations of couplings, wall scratchers, perforations, 
centralizers, etc., sbaJld be known because they too, will influence 
the lo;. An example of this is sbawn on Figure 10, which is a 
•tbic:knesa- log for different weights (wall thickness) of 
S-l/2-inch-diameter casing. '!'be sharp peaks to tbe right at regular 
intervals are clJe to the coupl i ngs. An area interpreted as 
corrosion is shewn at 1024 feet, where there is a reduction in 
thickness fran the •nor:mal• for the pipe. 

s. casing caKH.tion Log& - Pipe Analysis Log 

'1hi.s loggiD; survey, based on measurements af flux density variation 
and eddy currents, is used to provide a more quantitative assessnent of 
casing condition than the thickness log. 'l!ds tool aJ.sc can discriminate 
beblee'l defects on tbe inner and outer casing walls. 

a. Basic Principles and Presentation 

'!'be lo; is a fom of magnetic flux-leakage test, relying on 
disturbances in an artificially-created magnetic field to detect 
casing defects. '!'be probe houses fran six to twelve c:cils 
(depending an the size of casing being surveyed), t:brcuqb ml.ch a 
IX: airrent is passed, setting up a magnetic field. '!'be field 
consists of magnetic flux lines tbat travel through casing easier 
than through gas or fluids. 

'l!1e logging probe aaploys a magnetic field stron; enough to saturate 
the casing walls with mgnetic flux lines. As long as the wall of 
the casing is unifom and c:cnsistent, tbe magnetic flux lines will 
travel thraigb. it. When irregularities suc:b as pits, boles, 
partings, cracks, etc., are present, the flux lines will be 
disturbed and flux leakage will ocair. In an uea where flux 
leakage ocairs, a anall voltage is generated and detected by 
transducers whidl relay a signal that is proportional to the 
percentage of metal loss in the casing. This signal is recorded in 
chart fom. 

Descrimination between internal and extemal. corrosion Of the casing 
is aCCCJll>l.ished by monitorin;J the variations in eddy currents 
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generated in the Jlll9?8t.i.c field by pipe defects. The coils used to 
detect eddy currents are arlocated with the flux-leakage 
transducers (coils) • b signal frequency of the eddy currents 
detected is high, suc:b. that the depth Of investiation is shalJaw, 
usna11¥ abait 0.040 inch. 'ltlus, the eddy current detector 
investigates only the inside of the casiD;J. ca.p.rison af the flux 
leakage with tbe eddy current signals mites it possible to 
distinguish betwem. inner and outer casiD;J wall defects. An inner 
casing wall defect will influence both f 1ux leakaqe and eddy current 
signals, whereas an outer wall defect will influence only the flux 
leakage signal. 

b loggiJlq probe is run in a centralized position in the casing. 
Coils are staggered on tbe p:r:cbe so they overlap each other to 
provide ciretmferentia.l coverage of the casing. b coil nmntings 
are spring la!lded that adjust to tbe size Of casing to be inspected. 

The flux leakage and eddy current signals are detected, "'!?, i fied, 
and presented as a series of curves or tracers on standard log 
foims. As noted, the cq>litude Of the flux leakage signal on tbe 
log is proportional to tbe percentage Of the •tal less in the 
casing. 'lhls, the greater the cq>litude of the signal, the greater 
the casing defect. An example of this is shown on Figure 11 and its 
accxupnyiDJ' table, which is the record of the signals produced by 
knam ananalies in a test piece of casing. Examination of the 
signal produced by internal defects A and B, which are 
3/8-iD::b-diameter lx>les with wall penetrations of 25 and 50 percent, 
respectively, sbaws that the magnitude of tbe signal is proportional. 
to the loss Of casing (depth Of penetration af the defect)• Tbe 
external defects proc:JucinJ signals It and L, which are 3/4 of an inch 
in diaaeter, appear on the total wall trace but not on the eddy 
current test, demonstrating the means by which int.einal and external 
wall defects are discriminated. 

b. Ag;:>lication 

The pipe analysis log is designed for use in steel or other metal He 
casings ranging fran 4-l/2 to 8-5/8 in:hes in diamter. The tool can 
be run in a fluid- or gas-filled casing. '!'be pipe analysis log 
resp:mds to all changes in casing •thickness• and will be affected 
by couplings, rN collars, perforations, wall scratchers, 
centralizers, mill defects, and different pipe weights and grades of 
steel. Thus, the details of the nomal casing condition sbculd be 
known so t:bat their presence can be recognized during 
interpretation. 

c. Interpretation 

A typical log display is shown on Figure 12, which is an exaq;>le Of 
the Pipe Analysis Log provided by SChlUllt>erger well Services. '!'be 
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'!'be fluz leakage signal is referred to as "Total wau • and the eddy 
current signal is cal led the •Imer SUrface. • 'l'be enhanced curves 
an the left-band track are derived fran the maxjmnn signal £ran arry 
Of tbe transducer coils and are used to eq?hasize major defects. 
The tem •er refers to casin:J coupling. CbriCllS defects can be 
seen on the casing above a depth Of 70 feet. Because they appear on 
both the inner surface and total wall curves, they are interpreted 
to be defects on the inner wall of the casing. 

The Dresser Atlas log that measures the same parameters is knam as 
the VerWog. Its manner of presentation is slightly different 
(Figure 13). '1'fo tracks knam as PIJ. and FL2 are presented1 these 
measure flux leakage. Q18 track is shcM1 as the discriminator1 it 
measures eddy currents and is used to detecni ne inner wall defects. 
The fa.u:th track is a display of the average signal and is used to 
detez:mine if the defect is circ1Dferential in nature and to oonfim 
that the tool is workin:J properly. 'Nf:iJ tima a signal is recorded on 
a flux leakage track, a cormsponding signal sbculd be recorded on 
the average track. A typical Vertilog shruld be recorded on the 
average track. Ezanination Of the log on the right side Of Figure 
13 shows the log response for couplings and for variaJS degrees of 
cor:cosion and distinguishes between intema.l and external corrosion .. 
'lb! left-band log presents the results of the sw:vey of a casing in 
reasonably good condition with a few defects. 'lb! teaas Class 1, 2, 
etc., refer to a classification of the coalition of the casing, 
based en the percentage of the deterioration1 it is used by Dresser 
Atlas in its reports of casin:J condition surveys (CJ.ass 1 represents 
defects equal to 0 to 20 percent of tbe wall thickness, CJ.ass 2 fran 
20 to 40 percent, Class 3 fran 40 to 6 percent, and Class 4 fran 6 
to 80 percent). 

SUrvey data are cmpa.red to standard charts derived fran 
laboratory-mde defects on test casin:Js to detemine the percentage 
of deterioration. Typically, an oil-well operator is not concerned 
about casin:J coalition until a Class 4 defect appears, whereas the 
cperator Of a gas storage well wcuJ.d be concerned when a defect 
reached 20 percent of the wall thickness. 

Of the two casi.DJ condition logs, the pipe analysis tool is the most 
sensitive and' is capable of detecting relatively small defects. 
Both, bcMever, are val.nahle tools. Che suggested •thod of usi.DJ 
tball is to nm om at the tima a well is constructed, to serve as a 
reference for fUtme CQIP!lrison. If the well is operated on a 
lm;i-tem basis, subsequent logs can be used to cbta.in sane idea of 
tbe degree of deterioration and an approximation of its rate. 
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V. lB.iL RBDR> !.VlDl!R:Z CR MECJIARIC.AL INTl!GRl'l'f FOR ~ II lNJECrIQt 
WELIB 

1!le absence of fluid migration behind the casing of injection wells 
associated with the procltction of oil and gas (Class II) may be 
demcnstrated by well records sbowing adequate cement to prevent sudl 
migration. 'Dll.s exception for CJ.ass II wells is made so as not to iDpede 
the production of oil and gas by the requirement of teaperature or noise 
logs. 

'lh! main criteria. for a deteadnation of whether •adequate• caaent 
exists is the ccmplrison of the wl1.111e of cement injected and the volane 
Of the space between the cxtter casing and well lx>re. 'l'be vol.me Of 
cement injected should be included in well-a 11ipletion records. 'lb! 
vol.me of the space bet:wem the casing and well bore, the anmlar space, 
is calcalated on the basis Of the cutside dianeter of the casing and a 
caliper log of the well lx>re. .Records that indicate the level Of cement 
fill-up are •t.aq• readiDJS (where the top of the fill is detected by 
resistance to further lowering of a weigbted line), canent bond logs or 
ta;::erature logs. 

If the volane of injected c:enent fills significantly more than the 
theoretical volane, then an adequate cement seal nay be absent, and 
vertical cbmmels are possible. tJnfortunately, there is no sure way of 
knowing the adequacy of cement on a volume cmpi.ri.son basis. Ezperience, 
especially with regard to the geology in the well-bore environnent, plays 
a key roll in well record intei:pretation. 

If the injected canent volane is greater than the calculated an.mlar 
vol1.111e it is asallled that the anmJ.a.r volume is underestimated due to 
limits inp'.>sed by the caliper log. caliper logs may be unable to measure 
the full dianeter Of the lx>rehole in an unusually ragged or cavernaJS 
zcne1 tberefore a greater vol.me nay ezist between the casing and the 
well bore than that calculated. In this case, especially in the ligbt of 
corrcix>rative geologic evidence, an adequate aaent is considered likely. 

A cement bond log showing a tigbt casing-to-f o:cmation bond over the 
cemented interval is also considered adequate assurance of mecbanical 
integrity. 

VI. GmBRAt.. <XllSlIBU\TICltS 

'lb! testing for mechanical integrity entails the execution of a 
m:imber of steps, each one a specific test, that together provide 
asairance that the tested well is envirormentally sound. At least two 
tests are required thalgh mo.re nay be necessary if the results of these 
are not conclusive. 
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h two required tests are a pressure test (or Dllnitor:ing) and a 
gecphysic:al log (either noise log or teaparature log). Other tests •Y 
be substitated for these two, if app.c:oved by tbe EPA .k)ninistrator. If 
either Of the teats indicate '1ell failure, tben other tests are 
necaasary, first to veryify, and then to locate alld understand the 
failure for effective renedial action. · 

PresaJre tests and amulus Dllnitor:IDJ are conducted at the '1ell be-1 
and yield the most valuable indication Of mecbanical integrity. 'Dle 
results of these tests are quantitative and definite. Onless pressure 
testing is staged, the tests cannot be used to locate a failure. 
Bowever, they can be used to isolate the failure to either the casing, 
b.i:>:ing, or packer• 

h results Of the geophysical logs are axe qualitative, because 
they are indirect methods Of leak or cbanDeling detection. They rely on 
the detectable variation in saa:a physical parameter to pmvide an 
indication of faiJure, as expressed by an ananaly in the expected 
behavior Of the parameter. !be geophysical logs, provide the only means 
of locating a failure. 

Frau the discussion above,. the reader sbct1ld have a basic 
1.B1derstarxli.tw:l Of bow the required and potmti al ly useful tests are 
perfomied, and what results can be expected fran them. '!!le selection of 
tests to be utilized in aJr:f particular case sbrul.d be carefully 
considered, drawing on the available '1ell construction data, and the 
expertise Of the driller, operator, and logger. 
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