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CHAPTER I

INTRODUCTION

Reducrion tn producrlviry tn o11 and gas condensate weffs Uec61q¡g\it l l\L

of paraffin plugglng ls a serlous problem that Eany operatore ,""."ESpOt

Many lnvestlgatlons had been conducted, and Eany nethods have been de-

veloped to cleán up the uell bore' tubfng and surface equlpment from

paraffln deposltlon, but not many sEudfes exlst Ln dlssolvfng paraffln

deposltlon rrlthln the propped fractures and the reaervolr Pore spaces.

The Cllnton sand ls a widespread oll and gas produclng blanket sand

whlch covers a good parc of 0h1o and Pennsylvania. Consolldated Gas

Servlce Conpany, through thelr afflllate, East ohlo Cas Co., oPerate

thousands of r.¡ells ln thls formát1on. Most wells cornpleted in the

Cllnton sand, after a brief flush period of Productlon, maintaln loar

producEivlty over long perlods of tlme. These wells produce soñe Penn

Grade crude o11 together Lrlth the gas.

IE 1s felt that one cause of the lou productlvlty ls the recipita-

tlon of paraffln coupounds froE the oll lnto the fractures as vell as 1n

the well bore ánd well tublng. Another factor may be danage to the

formation near the wells durlng drtlllng and comPletion. Thfs study

lnvestfgates experlmental methods to stlDulate the 8as uells ln thls

reservolr. The effect of different stlmulatlon techniques such as

solvents, heat and ultrasonle energy Ltere lnvestlgáted ln Ehe Laboratory.

The second part of thls lnvest!8atlon deals wlth the aPPllcatlon of

the most pronlsing stiEulation technlques based on laboratory studles,

to a field test, whlch conslsted of a controL well (ner.rly dr1lled for

chis purpose) and several offset cest rrells located close tó the control

well,

i.;r/-:

{»

t
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In the te6t we1ls a theroal EtlEulatlon lras conducted. Pres

bulld-up and fall-off tests and back pressure tests were taken Pr

the stluulatlon in order to evaluate Ehe results of the experfmen

The use of ultrasonfc energy vas not conaldered practlcal fo

present study slnce no sultable equlPment ls commerclally avallab

sure

t

r
s

'fit¡tti$t\t'
1e af.SPot

thls tlEe.

Solvent stinulation technlques dld not look proulslng enough to

try ln a fleld test.



CHAPTER II

REVIR,' OF TIIE LITERATURE

The llteráture ls abundant ln papers and studles on paraffln

IeE6 and solutlons. After surveytng rlany of these PaPers Ehe fol1

classlflcatlon can be nade.

A. BaBlc Studles

T'treoretlcal studles ln Paraffln DePoslts

Laboratory Evaluatlons of Paraffln Inhlbltors

LaboraEory Teets of Paraffln DePosltlon

B. Parafffn DePositlon and Re¡¡oval ln Tublngs

SteaDlng Methods

Rod ScraPers

CheElcaIs

Back Pressure Methods

Intermitterit Electrlcal Heatlng

Conpressed Alr

Plugging of Tublng lri'th Wax and Scal-es

C. Reuoval of Paraffln from Sand Face

Fluld Saturatlon Methods

Hot fJáter Inj ecElon

Stean

H18h Test Gasollne

Heat Generating cherlcals

Chemleal Solvents

Softeners

Conblnatlon of Chenlcals wfth Vlgorous Svabblng

Hot Dist lllate

Electrlc Heaters

il

t:;

ffi
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D Reuoval of Paraffln ln Flov Channels and Fornatlon

Precipltatlon During Fracturing

CombtnaEion of Heat and Solvent to Clean up Fornatlon

Flow Channel8

Sonic and Chemfcal llethodg

other ProbleEs

EDulslfication

/,

;r
"t5l:Ii

E

Scal lng

Operatlng Conditlons of the Wells

ForEáEfon tlaters

F, Economl.cs of ProJ ecEs

G. Organizatlon and Evaluatton of Theoretleal and Practlcal ProJects

Classiflcatlon A, C, D, and G nost dtrectly have a bearlng on the

present lnveatl8atlon. Sállent Polnts from studles ln these grouPs are

outllned below.

R. J. Cole and F. W. Jessen (9) conducted laboratory teats to lnves-

tlgate the effect of the teEPerature gradlents and vettablllty as regárds

the deposltlon of paraffln upon a coPPer Plate. For thls Purpose Ehe

authors used an 8.092 paraffln-oll solutlon rrlth a cloud polnt of 9l'F.

The Eeltlng potnE of the paraffln used r.ras 145oF. Even though Ehese

experiEents vere conducted uslng a cel1 rather than a Porous nedla, sev-

eral lnterestlng polnts can be noted. Because of the loL' Eherrtral conduc-

tlvlty of the paraffln (0.00056 cal/ cro/ sec-o C-"rz ¡ ,h"r, a filu of paraffin

!s deposlted, the overall therual conductlvlty of the systen (copper-

paraffln or rock-paraffln) changes drasllcally. For exauple, Cole re-

ports that to secure Ehe sane rate of heat conduction occasloned by a

10"F tenperature dlfferential across a Plate !¡ith no paraffin dePositlon
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would requlre an overall theoretical temPerature dlfferential of

efth a l/16-lnch film of paraffin on the Plate. Initially' the

is deposlted because of the temPerature droP at the free surface

104"F

a rf

plate, wlrile thereafter the overall heat conductlvity becomes

trolllng factor' They also noted that as the fllm of paraffln

the temperature of the paraffln surface was lncreased greátly and the

temperature differenttaL between the solutlon and paraffin decreased

lrith the thickness of the ftl¡¡.

To fnvestiSate the effect of surface 9¡etEablllEy the copper Plate

surface was varled uslng stllcone products, the resultlng contact angles

relatlve to waEer were measured. They found lhat even when a kerosene-

paraffln soluElon l¿etted the Plate surface' the free surface energy of

the plates decreased with lncreased contact angles' Finally, they con-

cluded that 1f enough valer ls Present to comPletely cover the surface,

lhere should be llttle lf any paraffin deposltion because of the very

small lnterfaclal tenslon between Paraffin and water'

D. A. Shock, J. D. Sudbury' and J' J. Crocket (27) revle!'ed the

llterature on the paraffln deposltlon probleus. They establlshed the

followlng factors to be the most lmPortant for the Parafffn probleros'

a. the chenlcal comPosltion of the deposlts'

b. the solubility behavfor 1n the envlronment beteeen formation

and atmospheric condlt ions ' and

c. the rate and nature of deposition.

Table I gl.ves the possible coutpounds in the paraffin dePositlons'

From thelr lnvestigatlons they concluded that the normal parafflns are

the prlnclp.¡l constltuents of crystalllne iraxesr and the branch chalns

form most of the microcry stalllne waxes. Paraffin and !¡ax depositions

'l^,r'H'[t'
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are soluble in many lndu

and insoluble materials

1n the various solvents.

strlal solvents, ho!¡ever the nature of crud

change the range of solubtlity of waxy mat

Slnce the riraxes tend to supersaturate eas

1f equillbrlum condltlons change snoothly and gradually no deposit" t\Bt\\\fttU\i
ESPCIibuild up. Ilowever, lf the change ls sudden, very rapld deposltion takEs

place, Faclors that rend to reduce the terperature of the fluld r¿111

cause the paráffin to precipltate. These factors could be the lnjectlon

of cold flulds and the llberarton of gas. Shock, et aL (27) alao polnted

out that due Eo the greater speclfic heat of sater, uhen uater producllon

increases, deposltlon in r¡el1s and llnes decreases.

C. F. Parks (20) reporced succeasful elloination of paraffln depos-

1ts using chenlcal lnhlbttors, J. J. D¡ener (10) published a paper re-

portlng that ln the Red l.Iash fleld, Utah, the following Eeásures uere

successful 1n preventlng paraffln deposltlons¡ bottoE hole heatera,

paraffln scrapers uged ln conlunctfon wlth rod rotatlon, hot oll trear-

ment, steam phase lfne heaters, and electrlc heatlng cables. These two

papers consldered only the paraffln problen ln the tublng, surface equip-

ment and sand face.

G. Vail (29) and O. C. Dunn, Jr. (12) lnvestlgared rhe use of

boEtomhole heatlng devlces to reüove paraffln proble[s, TreatEents of

thls klnd nalntafn lncreased productl.on over perlods of tloe aDple to

Justlfy the added workover cost.

F. B. Plr¡@er (22) noted that the prfnclpal reasons for paraffin

preclpltatlon are: 1) loes of lighE fractlons and gas fron che oll,

2) temperacure drop ln Ehe ol1 and (3) the presence of certaln foreLgn

DatEer 1n the oll around r¿hlch lhe paraffln nay preclpltate. Of these

three, the loss of 8as and llght fractlons is considered the most impor-

tant,

1
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The paper published by Larman J. Health (14) discusses the lmP rove-

ment of gas weII dellverablllty by the use of liquid rocket monop

pellant, even though the paraffln preciPltation Problem Las not c
!\'

ered 1n lhis paper, 1t Is lmportant to notice that this could be a
s\t'.\trl

It[\\t1
powerful ¡nethod for the renoval of paraffin within lhe formatlon or tf,S90L

the fractures since he concluded in hls study that lt tsas feaslble to

burn lhe monopropellant rrtthln the lnterstices betrreen sand Srains.

In 1959, J. T' Rolllns and L. C. Taylor (24) published the results

of a ner¿ method to clean up formatlon flor¡ channels using heat Ln combln-

ation wlth solvents. The procedure fs as follows. A Jelled o11 cerrylng

a suspenslon of magneslurn pellers (20-60 mesh) 1s lnjected lnto the Pay

zorre, Later, a flfteen Percent hydrochlorlc acld soh¡tlon is lnjected'

The acid reacts wlth the Eagneslum Pellets and llberates a large amounE

of heat (84,000 BTU/1b of ragnesium). As a result the teuPerature of

the formaEion may rlse several hundred degrees' The sPent acld is Pro-

duced from the forEatlon followed by the heated oil whlch plck up par-

affin and asPhalt dePostEs llquifted by the liberated heát. They further

suggest that 1t uay be convenlent to fracture the forDátlon and lnjecE

the magneslum pellets into the fractures. They Pointed out that lar8e

amounts of hydrogen are evolved from the chemical reactlon, (Mg + 2HC1 -

Mgclz + H2). Even lhough the hydrogen helps to klck off the well' the

spenE solvent ¡nay cause a flre hazard.

E. F. Bob'ers and H. Renfro (7), after lnvestigating several methods

for paraffin renoval, concluded that the treatment of paraffln is an

tndÍvldual or areal problem. The coupositlon and Eexture of the plrrggtng

deternlnes Ehe type of treatment to use.

Zaba (32) also lnvestlgated Ehe reasons for paraffln depositlon'

*
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arrlvtng at conclualons sfmllar to those of Pl¡rmrner (22) . J. c. #m
(31), discussed parafffn preventlon and renoval ln r¿ells 1, S."tftiti$i\;i );j

\::Í1'-d,'{'
ohio. Among other thlngs, he concluded that the nuuber of affter!fitTr9'l

cornpounds and t)rpea of waxes found ln paraf f 1n are dependent ,r." 
t§$[t'

character of Ehe crude o11. The oll is mechanlcally held within the

paraffln, trapped betrdeen the wax gralns. As a consequence, a large

ámount of oll ln paraffln tends to nake lt soft and senl-fluld' and

Eore affected by heat regardless of the Deltlng Point of the wax Present.

AEong Ehe causes for paraffln dePosftfon he lndlcated the follou-

lng as the nost lnportant: a) temperature, since Ehe amount of parafffn

an oll can hold 1s dependent ln teEPeralure up to the saturatlon Polnt,

b) Iosses of light fractions, c) transfer of heat from crude oil to

plpe, d) presence of forelgn Partlcles to provlde nuclel for paraffln

foruallon and e) sudden drops ln pressure.

one of the most lnterestlng reuarks made by l'rrt8ht Is that when

gas ls expandlng it does work to push the oLl out to the wellbore' A

decrease ln teEperature then occurs. The Pore spaces of the sand at

the wellbore (and at the fractures) act as orifices and apPreclabLe

coollng at the face of the sand or fracture may occur when a hlgh dlf-

ferential pressure exlsts betrreen the !r.'o Polnts under conslderatlon.

Thls could be a reason r¡hy roÁny oPerators agree that the paraffin Prob-

lens are urorse in the early l1fe of the reservolr \.¡hen the reservolr

pressure is hfgh' slnce large drops tn teEperature occur L'here the Baa

1s expandtng, Flnally, he dlecussed the different ¡nethods wh{ch may be

appllcable for solving the ProbleE and Preventlng lt.

J. C. Calhoun and S. T' Yuster (8) during saturatlon deternlnatlon

experfEenEs found that erroneous oll sáturatlons !¡ere being calculated



because of the presence of solld hydrocarbon t¡lthin the sand sanple.

9

tIn thelr paper lhey dlscussed methods for determlnlng the true o11

uax saturatlon. Llke Wrlght (31), ¿hey a8ree that oll ls being he

withln the crystals of the formed paraffln. The presence of paraf

wfll i¡mobllize a good Portlon of the o11' The anount of oil imo

E/
\)fi

$Bt\01t'Esb
[t[ i\tl
POL

lzed r¿111 be a functLon of the dlstrlbutlon of the wax ln the sand. As

to the Eanner ln whlch the sou.d hydrocarbons Elght háve been dePosited'

Ehey report the posslblltty of deposltlon by electroki.netic effect'

Accordlng to Ehis Eheory the atrount of depositlon Eust be soDe function

of the flo!¡, furtherDore' they Polnted out that other reasons for the

deposltion of r¿ax could be lor+erlng of temperature and pressure as

',¡ell as the loas of llght ends.

They found the amount of wax to lncrease dtrectly wlth Perneablllty'

this could be done because of the electroklnetfc effects due to the

slmple f1lterlng actfon of the rock. If the rock r.'lth a larger Perme-

ab1llty has a greater lnltlal ol1 saturatlon' the áxoount of ¡¡ax should

be greater, Ihls Iast stateEent Ls ln good agreement wlth the experl-

ments conducted by Cole and Jessen (9) where they concluded that the

presence of r¿ater (connate water) reduces the anount of paraffln deposits.

Calhoun and Yuster deternined the cloud polnt for several Pennsyl-

vania crudes and found that the paraffln Pol-nt of the crude (Galnes

Crude 0i1) and the temPerature of the reservolr uere identlcal' lndlca-

tlng that under these condltlons the oil ls r¿ax saturated. Thls could

be the case of many other fle1ds wlth paraffln problems. Slnce the o11

is saturated wtth Páraffln' the suallest change in teDPeraturer pressure

or composltlon Inlght cause Paráffln preclPllation.

Peters and Stout. (21) lnvesE!-gated the Preventlon of foroatlon
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daDage during fracturing of the Clinton formatlon. They malnly co

ered mechanlsms of clay dePosltlon'
*

ShutEon and Roberts (28) scudied theoreticál and exPerLrneuta

siderátlons of reservoir coolln8 durlng fracturlng and vith

dá.Eáge that can occur lf the temPerature of the fortatlon ls

belol, the cloud polnt tenPerature of the crude oil 1n the reservolr'

The concluslons ar¡lved by these authors are extremely lmPortant

to the preaent lnvestlSatlon, for Ehls reason they w111 be given:

a. Froú Eheoretlcal calculatlons, lt rdas deterúlned lhat coolfng

occurs Ehroughout the propped or etched fracture when relaElvely

large volumes of cold fracturing flulds are lnjected lnto low

tenPerature exanple ve1ls. If thls coollng of the foroátlon

ls belo¡¿ the cloud Polnt of Ehe reservolr flulds' forratlon

damage can occur '

b. The thernál coollng adJacent to Ehe fracture face ktas found to

extend to a depth greater than 4 ln' for the examples shor¡n ln

this lnvestlgaElon '

c. The thermal recovery of the exauple r¡ells uas found to requlre

more than 8 hrs. to achleve a ninety Percent recovery of lhe

orlginal forEatlon teEPeracurs.

d. The productlon of Ehe "xadpie 
uells decreased stgnlftcaDtly lf

the plugglng of the forEatlon adJacent Eo Ehe fracture reduced

the perEeability to valuee of 102 of the orlglnal permeablllty'

e. From experlmental results It r¡as concluded that the smaller

the inltlal peroeabtllty of the formatlon, the larger the

damage due ¡o Paráffin Precipltatlon. However, the lower Perm-

eablllty cores apPear to recover faster under the eondlllons of

the test.

'l.I.lHglxt'



The severlty of Paraffln damage increased as the tenPerature

11

tof the crude oLl decreased below the cloud Polnt of t'he o

g. ln reservolrs wlth lot^' bolEox0-hote temPeraEures Ehat Prod
ft

crude o11 wlth hlgh páraffln content' parafftn preclPltatlo

could be avoliled by lnjectlng fracturlng flulds at teoPerat

hlgher than Ehe reservoÍr teEPerature'

Practlcal and Potentlal use6 of ultrasonlc energy have been Ehor-

oughly etudied' apPllcatlons have been found ln Dedictne, geophyslcs'

chemlstry, and nány other field8. The aPPllcaElon of ultrasonlc energy

to a poroua ued l-r¡o le reduced only to experlmental tyPes of procedures'

Ealnly because of the technfcal Ilultatlon ln designlng a fleld-slze

Eoo1.

Shoaf (25) studled the effect of ultrasonle upon a paraffln hydro-

carbon ln the Preserice of a cracklng catalyst' Frou hls lnvestlgatlon

he concluded that the ultrasonic energy cooblned ulth the catalyst has

an effeet on the ParaffJ'n hydrocarbon' Ttlls effect was observed by

anlllne polnt dePresslon, microphotographa of the comporutd and the reac-

tion of hexadecane wlth concentrated sulfurlc acld' He dld not deterDlne

the reason for the effect'

Horblft (15) lnvestlgated the effect of ultragonic energy uPon the

crystallzatlon of wax from o11. Baelcally, uhat Horbltt dld r'¡as to sub-

jecc sauples of parafftnlc oll to an ultrasonlc energy field' and the

yield and qualtty of the parafftn Produced was conpared to exacEly dupll-

cated sanPles r.¡here ultrasonlc uas not used' He observed an fncrease ln

yfeld trndar the influence of ultrasonlc enerSy. Hovever' he dld not glve

the reason for such an increase. Further, lt v¡as found lhat Ehe waxrs

ueltinS Point haal changeal. The lncrease 1n Eeltlng polnt' as !¡eI1 as
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ethe increase ln yleld were found to be dependent on the fr

ultrasonlc t¡ave.

Duhon (11) exPerinentally lnvestigated the effects of ul t ra
Jr'\

energy on Ehe secondary recovery nechanism of o11

slmulated petroleum reservolr, He compared simpl

r.raEer flood ehere ultraaonlc energy uaa used' the comParlson r¡as on:

1, Percent recovery of "sonlc floods" as compared to the water

floods.

2. The effects of these floods on such results as:

a. lnstantaneous wacer-oll ratlos

b. relatlve Perneablllty retlos

Duhon also lnvestl8ated the baslc characteristlcs of ul'tragonlc

energy ln a certaln medlum. As a consequenee of hls studles he arrlved

át Ehe follolrlng conclusfons. It 18 possLble to recover addltlonal o11

from a sonlc flood' The inltlal oll aaturatlon had no effect uPon the

overall recovery. l,Iater-oll ratios decreaeed uainly because of better

moblltty ratlos. These sualler moblllty ratios were orlgl'nated by defln-

lte reductlons ln permeabillty rati.os. Viscosl¡y of the flufd lras also

fEportan!, olls wlth loser viscoslties had hlgher PercenEage recoverles'

The injectlvlty of a particular fluld ¡¡as fncreased. Cavltatlon hád a

posltlve effect of o11 Productlon'

Komar (16) conducted exPerlDents removing paraffLn from a porous

uedla uslng ultrasonfc energy' He found that coroPlete renoval of para-

ffln was Posslble only In rocks r.rith Perueábllttles larger than 500 Ed'

He attributed the reEoval of paraffln froo the porous rnedia to the agl-

tatlon of the paraffin solvent.

Laughton (I8) investlgated the occurrence of cavltatlon 1n solu-

producrion r.on161¡1tt I f\ti

e eater rroo¿" toE§POL

/
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tlons of high polymers which are being lrradiated wlth ultrasonl

He found that chese solutions were degraded when exposed to ultr

r¿ave s with frequencies of

Komar and Moore (16)

ically formed euulslons.

300 to 800 Kc/Sc.

c ?l'tr¡?f}J.,\
áZ r ÉbY;,

H",qtsii):)\',\-;;,'"7r'\...E;l)'

'"qi§$['iperformed oil recovery tests with ulEr

They formed dynamically stable eroulsions capable

of passlng through a porous uedluru, provided that the mlnimum pore diaro-

eter is greater than Ehe dlameter of the dfspersed droplets. The effect

of ultrasonlc rras to reduce the slze of the droplets.

Rigs and Broenscombe (23) reported the use of a sonlc shock tool

to remove wellbore flow barrlers. A high-voltage current 1s discharged

across electrodes r¿hlch are lrunersed 1n r*ell flulds. Thls dlscharge fs

so rapid that all the energy Is stored before appreclable losses can

occur. The high degree of rnolecular breakdovn and ionlzatlon of the

arc results 1n a plasma wlth an instantaneous temperature of 50,000'F

r¿hich leads to pressures of the order of 150,000 psl of a microsecond

duratlon.

Even Ehough the prlnclple of operatton of this tool is dffferent

than án ultrasonlc tool, it fs another posslble $ay to remove plugglng

around the wellbore.

The theoretical conslderatlons of the ulErasonlc energy behavior

and effects on a porous medla has been considered and studied by mauy

investlgators (3), (6), (4), and (5). The theories formulated have been

extended from theoretical analyses of uave propagatlon in a homogeneous

solid ro heteroegeneous fluld saturated uedlums. Sorne of these aspects

w111 be dlscussed in more detall fn another section of the present study.
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TA¡LE 1

Possible CoEp ounds in Paraffin Depos ft ion

After: D. A. Shock, et al(27)

Euplrical Formula Meltlng Polnt of Boillng

133.?

*

,h

Parafflnlc
NortuaI

Branch

Nap lhenes

Aroma!ics

Asphaltenes

czoR 
4o

cz6H46

czo[5q

'z6H s4

'zo[ 5z

czóHq8

c 2u'zl

c 
zzB zzs

401.0

69.4

TL8.2

94.r

108. 1

61. 5

383.

413.6

418.1

4r3 ,6

384.0



CHAPTER III

STATEMXNT OF THE PROBLEM

The apparent cause of low productlvity 1n some gas wells

ln the Cllnton Sand of Eastern Ohlo is the prectpitállon of pa

hydrocarbons frou Penn Crade crude o11 r¿hlch 1s belng produced along

wllh the 8ás. The parafflns appear to preclpltate in rhe hydraullc

fractures (nade when coopleting the !¡ells) ae \¿e11 aa ln the wellbore

clrcultry and ln the production tublng,

The flrst step ln analyzlng the problen ls to conduct laboratory

experlments in the folloarlng stfnulatfon methode to determlne the most

suitable for a fleld slze project.

a. Investigále Ehe for¡Datlon of paraffln preclpltates by studying

varlatfons 1n cLoud polnt temperature of dlfferent paraffln-olJ.

soluElons.

b. Investigale Ehe effect of dlfferent corúerclally avallable

solvents ln dlssolvlng paráffln plugs ln cores.

c. To study the effect of ultrasonlc energy to displace paraffln

deposlts, thls study lrill conslder the effect of ultrasonlc

energy ln the reservolr flulds.

d. To lnvestLgate the effect of teeperature In the Cllnton Sand-

stone aa vell as ln 0rlskany Sandstone cores. lnproveúents ln

permeabllity to flu1ds because of microfracturlng of the rock

oatrlx wlll be studied as well as the posslble effects of $etta-

blllty changes on the flow of gas and o11 ln the reservolr rock.

Fron the results obtalned l-n the laboratory, the üost attractlve

stlmulatlon Eethod lras tested ln fleld triáls.

ra

ffi



CITAPTER IV

DESCRIPTION OF THE IASORATORY EQUIPMENT AND E)GERIMENTAL PROCE

Preparatlon of the Cores for the Dlfferent Experiments

Three types of sandslones were used ln the exPerlxental r¿ork.

rrere Berea sandstone, Cllnton sandstone and Orlskany sandstone. The

first sandstone, due to lts wtdespread use, ls the uost well-knosn to

the lnvesElsatora.

The purpose of the present lnvestlSatfon rdas to study the behavior

of the flufds ulthin the Cllnton eand, but because of the extretrely low

perDeability of thls aandstone, it Iras consldered necessary to use the

Berea and Orfskeny aandstone ln some cases'

The Cllnton sandstone came from a core' laken from the neuLy drUled

control well by Dlamond Reaearch Inc. Ic rras necessary to drill smaller

cores from lt ln order to perforn Perloeability DeasureDents ' Using a

diamond drll1 blt, cores havlng 3/4 rnch dlaneter were dr1lled and cut

to the deslred length uslng a rock sar¡'

Berea saDplea came from the quarry al-ready cut to a dlañeter of

2I/8 lnch and lengths of l and 2 ft. These cores sere used ln lhe ultrá-

sonJ.c energy stimulatlon experlEenEs and lt l^ras necessary to PrePare therl

for nounting ln steel core holders. Berea sandstone r¿as also used in

Ehe solvent stlmulatlon experlaenEs.

The Orlskany corea were already cut co the deslied dlmenslons - 3/4

inch dlaneter and lengths frorn 1/4 lnch to 3/4 lnch. Thege cores vere

used ln the solvent stlEuletlon experlnents as se1l as in Ehe therDal

stlEulatlon scudles.

'ustl
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Cloud Polnt DeEerminatlon System

To conduct the different experiments, it was necessary to p r¡r

reprodr¡cible paraffln-oil solutlons, as r,rell as to clean up the

ties in the paraffin and oil samples obEained froD the sEock tankg

the reservoir under study. Once clean paraffln and oil sere avall
"f"l,.ñnru,
ffipot

samples of.5,7,10, 15 and 202 paraffln-ofl solutlons were prepared to

determine the cloud point of thése solutions, a constant teulperature

bath was used to maintaln a range of temperature fron 50oF to 150'F.

Vlscoslty measure[ents were taken ualng an osrrald visconeter. TemPera-

ture was decreased at lntervals of lo'F.

Solvent StiDulatlon System

The system (Flgure 1) consists of three oain conponents ' a Hassler

sleeve, a reservoir for fluids and the volt¡me recordlng apparatus. TtIe

system was placed lnside a natural convectlon oven ¡o Eaintaln a constant

tenperature, and to perforn the deslred changes Ín temperature.

The Hassler sleeve conststed of a core holder, the sleeve and the

pressurlz fng-vacuu0 system. Wlth tr¿o manlfolds strateglcally located 1t

lras possible to pull a vacurD to remove the core and to Pressurlze the

sleeve ¡¿hile conducting experl-menta.

The Hassler sleeve was pressurized uslng a Ruska pr.mp ' ¡¡hlch d1g-

placed sllfcone oil lnto the sleeve to produce the deslred Preesure.

Vacur¡m was created wiEh a duo-seal vacuum purnp.

The reservolr flutd sas connected to a nitrogen tank, whlch supplled

the displaclng energy to flor., the dlfferenl flulds (water and otl) through

Ehe core.

The systen has a bypass, r¡hlch was used to perforn measurements of

gas perlleabfltty, slmply by closing the mantfold to the reservolr fluids,
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and forclng the nitrogen through the bypass lnto the core.

The volume recordfng ápparatus conslsted of a graduated cl

sample collector and a gas r¡bubble" flov meter. The bubble mete

e

¡: il.

as follor¿s. A g lycer ine-water-soap solutlon ls placed lnto the s

reservoir, the beLl is ralsed and lowered in order to lntroduce f

to the llne, the gas whlch ls comlng fron lhe core bubbles through the

soapy solutloo and dLsplaces bubbles of soap up through a eealed glaas

burette. the tlme that it takes a bubble to travel from the 0.0cc level

up to 25cc level fs recorded,

A number of comnon solvents were tested on paraffin saoples to

ldentify those rrhlch lrou1d coupletely dlssolve the sánples ln beakers

r,r"lth only gentle sttrrlng. Flve solvents which passed this test were

chosen for flow experiments 1n Berea cores, They were:

1. Naphtha

2. casollne

3, Toluene

4. Carbon tetrachloride

5. Kerosene

Five separate Berea cores r¡ere used for the experlnents enaurlng

that the regults were not affected by cleanfng procedures, The general

procedure used for these solvent rrms hraa as fo11or¡s:

1. After drylng at 100oC overnlght r the cores Lrere saturated wlth

2Z NaCl b r1ne.

2. The permeabillty to the o11 (Sandy Lake i]l3 crude wlth 0Z

paraffln in solutlon) IJas then ueasured at roo¡n temperature

(80'F). Al,1 flow teats uere done uslng a constant presaure

drop,
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3. The temperature of the entlre syateE r¿as then ralaed above

the cloud polnt of a 7Z paraffln crude Dlxture to 1O0oF Ln a

large oven,

4, The parafffn-crude nixture uas then dlsplaced through the core

and lts permeabillty medsured durlng this perlod,

5. The systen r.tas then cooled below the cloud poinE of the 7Z

paraffln-crude mlxture to room teEperature (80'¡).

6. Paraffin free crude l,ás lnjected agaln. In trost casea the

cores rdere conpletely plugged and no flor¿ r¡as neasured.

7. Essentlally three pore voltrmes of solvent was lnjected lnto

the core.

8. Paraffln free o11 was agaln injected and the permeabllitles

deterolned. l,lhen no further lncreases were evident the run

was coneldered complete.

Perneability Measurements of the Different Cores Used

Plugglng ln the cores was determlned by the reductlon fn pernea-

blltty obeerved durlng, the different experlnents.

Two tnstruEenEs were used to deternlne per eablltty 1n these corea.

The flrsr r¡as the aysteE descrlbed ln the aolvent stfuulatlon systea.

The second r¿as a Ruska pemeáneter, used to deternine the absolute peru-

eabllfty of the dry cores.

The general procedure was as follor¡s:

1. Cuc the core fron rhe larger cores obtalned from fleld sanples

or dlrectly fro¡o the quarry.

2, Extract the cores following the ASTM .xtractlon oethod.

3. Plece the cores in an oven at 100oC and dry theE overnlght,



?1

4. AfEer dryfng, Place the cores ln a vacuum cell and extract for

t hr.

Saturate wlth nater (for water-r¡et rocks) or oi1 (oll-wet

rocks).

Place the core in the Haasler aleeve sysleE and start the

5

6 "t'g§ili'
ueásureEenEs.

!.Ihen the cores r.rere water-uet ' the Perueabltlty to trater r¡as de-

rerElned flrst, then the PerEeablltEy to o11 and finally ¡he Permea-

blllty to gas. All these measureEenta were perforned using the solvent

stlmulation sys te¡D.

Ultrásonlc S t lmula tlon Systen

Plgure 2 shows the system used in the ultrasonlc energy experfments '

As ln the solvent §tlnulatlon sysEem' the dlsPlacing energy was nitrogen

froo a nltrogen tank.

A nanlfold systeE was set up ln such a way that lt was Posslble to

inject lrater, o11 and parafflnlc oi1 ln the requlred sequence' Berea

cores were Eounted ln robust core holders. At the oullet an ultrasonlc

energy probe wás attached' and the systen Has placed Ín a natural con-

vectlon oven.

The llquld samples were collected ln an lnterval sauple collector,

the collecEor was connected to a clock'

The energy for the ultrasonlc probe was regulated by a control

panel. Once the core \,ras properly nounted, the system vas closed and

the core was evacuated f.ot Z l/2 hrs. (long cores) and I I/2 hrs' (short

cores). Then the core !¡as saturated lrith r¡ater and the perueáblllty to

uater (kr¿) was neasured. once a stablllzed flow of sater rras obtáined,
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the reservolr flu1d r¿as changed fron water to otl (w1th 0Z Paraffln) and

oil was forced lnto the core. Agaln, once the flor¿ of o11 was stabllized'

1ts permeabillty, (ko) was determined and the o11 was changed to 10% or

2O7" paraffLn oi1 (dependlng upon !¡hich set of runs uas ln progre

The tenperature of the oven was raised Eo 100"F (above the oil c

polnt) and the paráffinic oi1 vás injected ln the desired amount

ss)

*

.|::

stze of rhe slug r¿as differenr in every case). The injectlon ot 
tfiflfli.liiL ilül

ffinic oÍ1 was then stopped and Ehe temperature of the system ,^" ú*tP"0 L

to 80'F (r.,ell below the cloud polnt). Once the ternPerature vas 80"F,

tlre injection of O% paraffln o11 was agaln started. In every case 1t

r.¡as decided to wait 2 hrs. (whtle exertlng a pressure of 30-50 psl wÍth

the dlsplaclng o11) before starting stlnulation wlth ultrasonlc. In aL1

the cases lnvestigáted the permeabillty Eo o11 r¿as reduced to zero by

the preclpLtated paraffin. Stlmulatlon wlth the ultrasonic varied from

Ll2 - | hr.), Once the flow of oil was sEabillzed, or the flolrlng ttne

was too long and the lncreases ln perneablltty h'ere snall' the run was

stopped and a new run lrlth a fresh core !¡as lnlEfated'

Weltability Change and Thermal St imulat ion Experlments

To perform Ehe lrettabillty change exPerlments, the solvent stlmulá-

tlon system was used. The procedure to sEudy lrettabilíty changes was

as follows:

1. Clean, dry at 120oc and evacuate the core' Saturate it with

2Z NaCl brine so that the rock ls rrater-tret.

2, Measure the relative penneabillty to water, o11 and gas by

flowlng these fluids through Ehe cores and measuring the

pressure drops,

3. Clean, dry at 120"C and evacuate the same core. Saturáte wlth
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Sandy Lake crude oll so that lt uas oll,-wet '

Measure the relatlve perrneablllty to o11, frater and 8ás by

flowlng these flulds through the core and ueasurlng lhe pressure

droPs.

To study the effect of temperálure in the cores the proc

as follolr§:

1. Clean, dry at 120'C and evecuate the core' Saturate

22 NaCl brlne so thaE the rock le rrater-lret.

e4ÉBF.
/."r *dt\
l:{ f.§d i:l
\'"\ dd,/-+-1 /§i
\?,\\Ar\¿r, ./C /rq{@'
0lBll0lt[A ilt'1

2. lleasure the relatlve perueablllty to wáter, o11 and ,.FOSrPOt

flowlng these flulds through the cores and treasurlnS, the

pressure drope.

3. Clean, dry at 120"C and evacuate the aaDe core. Saturate lt

wlth Sandy Lake crude o11 so thaE it was oiI-!¡et.

4. Meagure the relattve perDeabillty to oil' rrater and gás by

flowiog these fluids through the core and measurlng the Pressure

drope.

5. Take electron Elcroscope Plctures of these cores.

6. Bake the cores at 1000 - 1200'F uslng a heavy duty furnace.

7. Repeat steps 1-5.

In thls way lt ¡ras posslble to study not only the alternatlon of

the rock but the posstble gatns due to t,ettablllty changes uhlch tolght

occur.



C}IAPTER V

TJISCUSSION OF EXPERIMB{TAL RESIJLTS

Cloud Point Determlnat ion

When orlglnally dlscovered, hydrocarbons are in a state of physlcal

and chenlcal equillbrlum. When production starts, this equl1i

longer exlsts and Ehe flulds and the rock undergo a serles of

and physlcal changes. Furthermore, r¿hen a cold fluld (fractur

for exauple) ls lntroduced Ln the foroation, even more drastic

brlum no

ft

sitf,$frtl rtt¡
occur vlthin the reservolr. ESPOL

If the changes ln pressure and tenperature are large enough such

that the cloud point of the flulds ls reached, the paraffln r¿hlch is ln

solutlon wlll begin to preclpitate in the tublng, flow llnes, as well

as lrithln the fractures.

To study the effecE of temperature (slnce the viscoslty of the

fluid is largeLy affected by drastlc changes ln temperature) solutlons

of 5, I0, L5 and 2OZ (paraffin-oi1) were prepared and rhe change in

cloud point studled.

Flgures 3 to 6 shorr plots of ln. vlscosfty versus temperature (1n

'F, and reciprocal of degree Ranklne). Thls method of derermining the

cloud polnt ls based upon viscosity characteristics. The relattonshlp

between tenperature and vlscoslty fs of the following type.

(Andrade's equat lon) 5.1

q
TU=Ae-

r) r

1og r log l,

T

where U = viscoslty, centipofse

T = absolute temperature, oR or oK

A, ó! rnr ó constants
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A haa the aaI[e otder of oagnltude as viscoslty

B ls approxlnately equal to the heat of fussion dtvlded by the

gas consEant (12).

ExperlEental data have verlfled the above equatlon, and lt 1s qulEe

accuraEe for llqulds.

Nor.,, when vlscoslty of a crude o11 1s belng measured,

ship Eust be ltnear as long as o11 ls a houogeneous flufd.

any sol1d uatter forne and ls suspended ln the llquld a de

Ehe llnear behavlor Eus! be evident. The Polnt of departure oust b11g¡t¡l:l,A t1r

that at whlch the ol1 is saturated wlth the solld hydrocarbon' i.e' '

paraffln polnt.

F SIIC.

In Flgure 3 1t can be notlced that the departure from llnearlty ls

rather aDooth, r.rhlle 1n the other cases, 10, 15 and 202' (Flgures 4' 5

and 6) the departure 1s sharP. Thls ts due to the existence of coLloldal

partlcles 1n the 5Z case, whlle fn all the others' the shárP break lndl-

cates the preclpltatlon of larger rlax Pártlcles.

Frou these experlments lt could be sald that paraffln plugglng may

be expeeted for any o11 havlng paraffln ln solutlon tf the condition of

teDperáture and pressure are such thaE the large decrease in reservoir

temperature takes the fluld ro potnts below lts saturatlon teu¡Perature,

Once the paraffin 1s preclpitated, lt ts alEost lnposslble to regain the

orlglnal perx0eábill-Ey, until the remPerature ls ralsed to a point above

the Eeltlng polnt of the Paraffln. Thls htas observed ln the Present

study. It was observed also, that the cloud Polnt temperature lnereases

lrlth lncreaslng paraffln concentratLon 1n the o11' thls ls consldered

normal behavlor.

The lncrease of cloud Potnt temPerature nLth lncreasinS paraffin

concentratlon was found to be a straight l1ne as deplcted in Flgure 7.

rhe retarp@>
o"'..,lÉ-á¿;-\'il

\r\+r; L''-', /:
vlarron tt§|ü'-
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TASLE 2

TeEperafure and Vlscoslty Data for a 5Z ParaffLn-oll Solutlon

TEMPEBATURE
("r)

DENSITY
(grol cc )

VISCOSITY
("P)

150

140

130

L20

110

r00

90

80

75

70

60

0. 7 911

0.7 946

0. 7087

0. 8020

0. 8062

0. 8115

0. 8162

0. 8182

0.8197

0. 8210

0 .8222

2.8071

3. 1132

3. 45L7

3.8627

4. 3896

5. 1589

6. 1855

7 . s364

9.2118

11. 32 78

2r.4546

t

BlBll0'fr.It itt
ESPCIi

§li.:J.
.!Eiü
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TABLE 3

Tenperature and vlscoslty Data for 102 Paraffin-oi1 Solutlon

TE¡'{PERATURE
("F)

DENS ITY
(gn/ cc )

VISCOS Ifi
(cp)

t50

140

130

120

110

100

90

80

75

70

0.7898

0. 7 955

0.7 992

0.8028

0.8067

0, 8104

0.8143

0. 817 9

0. 8203

o.8223

2,7 855

3 . L252

3,4837

3.9137

4 .4L09

5 ,0259

6,L872

10. 3859

17 . 3508

33,4676

BlBl,lÍlltmt\t:
ESPO!

*
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TASLE 4

Temperature and vfscos I ty Data for l5Z Paraf fln-oll Solu¡lon

TEMPERATURE
("F)

DENS ITY
(8n/cc )

VISCOSITY
(cp)

r50

140

130

r20

1r0

100

90

80

70

0.7 929

0.7 97 Z

0. 8005

0. 8044

0, 8083

0 ,8122

0. 8164

0,8204

0, 824 8

2.9521

3.27 85

1.6594

4. 1125

4.8469

5 .3257

7.L275

]-3.223L

34.5L94

EiBLti)itcA flc'
ESPOT

TABLE 5

Temperature and vlscosiEy Dat.a for 202 Paraffln-oll Solution

TEMP ERATTiRX
(oF)

DENSITY
(gn/cc)

VISCOSITY
(cp )

r50

140

130

120

110

100

90

80

70

0 . 8050

0. 8092

0.8L22

0. 8160

0.8202

0.8244

0.8283

0. 8317

0.8321

3 . 5923

4 . 0937

4, 5918

5. 0854

5 .9347

7 .47 tL

rr. 5060

20.577 7

41.591ó

\¿-*
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Solvent S tlnulat ion

Flve solvents uere uaed fn these exPerlEents; 8asol

tetrachlorlde, kerosene, naphtha, and toluene. OnIy tol

restore soDe degree of peraeablllty to the Plugted core.

lne , ca

r1
ta

shos the results of these experLments. ln every case' the

not fully restore the PerEeabillty exlstlng before the Para

ltation. Furthermore' Ehe use of solvents r¡111 not Prevent the accumu-

latlon of paraffln ln the sandface or wlthln the fractures.

Carbon tetrachlorlde was the solvent that allowed the highe8t ln-

crease ln permeablllty (842). Thls solvent ls expenslve and volatL1e'

and as a consequence Its use ls not attractlve for fleld apPllcatlon§'

In theory, solvents should remove á11 the paraffin, but thls le

very dlfflcult Eo do vithin the fracture system and porous nedLa' It

is lmpractlcal because of the auount of sol'vent needed becoues very large'

If a snall slug of solvent ls used, the solvent r¡ill be qulckly satur-

ated r.rlth paraffin and lts dlseolvlng actlon !1111 be I'ost. It ls lu-

posslble to do ln a Porous nedla because not all the formatlona are

homogeneous and htghly permeable. As was the case for the Berea cores

used ln ¡hese exPerlnents, as a matter of fact Dost of the sandstones

are extrenely heterogeneous. As a consequence ' the injected solvent

r.¡l1l try to ProEptly overrlde the oil through llnfted and narrorr paEhs'

and a good párt of the sand w111 never be touched.

Table 6 stmárfzes the results obEalned after solvent stfoulatlon'

Of all these solvents, the Eost attractive 1e kerosene, even though fts

effect 1s not as strong as carbon tetrachlorlde (46,392 Perneabillty

increase as coryared to 842 of carbon tetrachlorlde). Kerosene ls rela-

tlvely lnexpenslve and much easler to handle than carbon tetrachlorlde,

"'tütñftlqm
f f i,EÉ8&I
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TABLE 6

Results Obtained Lrith Solvent Stimulation

SOLVENT

Gaso I ine

Naphtha

Carbon
Tetrachlorlde

To luene

Ke ro sene

INITIAI PERM.

OF THE CORE

Z REDUCTION FROM

PARAFTIN PLUGGING

Z INCREASE FROI'I

SOLWNT STIMULATION

74.1 md

56. 36md

34 . 13od

105. 54nd

104. md

r00z

roo7.

t00z

LOOZ

L007.

20

41

84.

46 , 39'/"

BlBtl0lttA ttt'r

o. FfSPot'

Permeabl litv after Flowins wtth Parafflnlc Oil*Percent Decrease = x I000riginal Permeabil l ty

Peru¡, of Plussed Core After Solvent Stinulatlon**Percent Increase = Orlginal Permeabil lty x 100

.'t
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Asolventtreátent\douldProbablynotaffecctheclintonsandstone

Eo any slgnlflcant degree, so that only the fracture sysEem ldll1 be

affecEed. Hot solvent Eay be much Eore effectlve but the fleld oper-

aElons r.rouLd be much uore dangeroue.

The potenElal for a golvent Etloulatlon does not begfn to

up to that of a thernal stluulatlon studied in the Present lnves

The therEal stlmulatlon has lhe Potentlal for coupletely clea

fracture systeE as well as alterifiS the adjacent forEatlon'

Dents in tenos of several orders of uagnltude are possible'

u .+
I

¿'

"ine s\{¡¡1tt'rit[1
rnprovf§POL

The solvent

stlmulatlo[ ls neasured fn terms of a 2O-607" lEProveEent only'

It uust be notlced that the parafflnlc oil lnject'ed had only 72 of

parafffn ln soluElon, even s¡naller restoratlon of perneablllEy shoul.d be

expected, slnce 1f Dore paraffln ls present' the solvent ls saturated

!¡1th sollds faster '

[i1t rasonlc Enerqy StlmulaElon

A lotal of ten runs r¿ere rnade to lnvesiiSate the effect of ultrá-

sonlc energy ln the Paraffln depositton Problen. Of these ten runs'

only seven are rePorted, the other three uere not conslstent' Several

problems occurred !¡ith the ultrasonlc Probe used, and severe leaks in

one of them eaused meanlngless results.

The seven runs rePorted shor¿ed rather conslstent behavior' These

experlEents were carrled out uslng hlghly Parafftnlc olls ln Berea corea.

The otl and Paraffln used came frou Ehe Sandy Lake No' 3 vell' FroE

these experl-ments lE can be sald that ultrasonlc energy does r¡ork as a

stlEulating agent to remove paraffln deposltLons ln a reservolr rock'

Several slug slzes were tested as vell as tr"o concentratlons of

paraffln in ofl (102 parafftn-ot1 solutiona for runs 1-4) ' Tables 7-10
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tive the data, and Flgures 13-16 are graphs pertalnlng to runs 1-4'

Tables L1-13 and FlSures 17-19 gfve the data for runs 5-7' For both

cases (102 paraffin-oll, atd 201( Paraffln-oll), the Percen¡age of perm-

eabtllty recovered r¡as a functlon of the slug slze, belng Larger

snaller slze of slug,' Flgures 20 and 21 show Ehis relatlonshl

l0Z parafftn-olI and 202 paraffln-oll respecttvely. The best

Eent ln permeabfllry was for run 4 (51.222, lO7. pore volune (PvllBmú6¡ tl[,

102 paraffln-oll solution) and the Poores! !,as for twt 7 (7 ' 4.iZ,HFR'L

slug, 202 paraffin-oll). Run 7 was also the one ¡¡here the ul'trasonlc

vas used for longer perlods of tlme (450 nln.).

Thls run rras the one case where stlnulation occurred only durlng

the tlne that. the ultrasonfc r.ras worklng, but 1t D1u6t be considered that

rhis uas the largest slug used (157 Pv of a 2OI Páraffln-o1l solutlon) '

when the sEimulation }¡lth the ulErasonlc started, the flrst sarnple re-

covered (15cc ln 240 ninutes) had a viscoslty of 97 cp' whlch is oll

wlth a paraffin concentratlon of much more of 2oz, al]- Ehe other sanples

recovered had vlscositles ranSing fron 17 cp to 7'4 cp, which corres-

ponds to a range of 2OZ paraftln-oll to 52 paraffln-oll solutlons

(these numbers were estiEated from the vl§coslty cuwes lncluded

Flgures 3-6). I.Ihen the Paraffln oiI 18 belng lnjected at temPerátures

above ita cloud PolnE, all the paraffln ls ln solutlon' Once the tenp-

erature ls dropped to a Polnt below the cloud Polnt, Paraffln coDes out

of solutlon, plugging up the fortrátion' Now, when sttmulatlon htith

ultrasonic starts, part of this paraffln is redlssolved but it could be

posslble Ehat sou¡e paraffln, close enough to the productlon point (lt

nust be reueubered thaE Ehis !,as observed only 1n run 7, shere the

largest slug, 752 Pv !¡1th 207 parafftn-oll solutlon was lnjected) ls

,\
+
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dlsplaced withouE going back lnto solutlon and ls produced as a hlgh

concenEration paraffin-o1l. Thls could be an explanatlon for the pres-

ence of thaE abnorm.ally high paraffln concencratÍon, It must be remeu-

bered that the rock acts l1ke a fllter. When the parafffnlc oll ls

belng dlsplaced, only the o11 advances and the paraffln preclplcátes,

and concentráEes ln certain points of the face,

When preparlng the solutions, it r¿as necessary to have an

no paraffin in order to lnsure the exact concentration later whe

paring the paraffin-oll solutlons, To do thls, lt was necesaa

cool the ol1 fron the tanks to lou Eeroperatures (50"F - 45"F) and then

fllter the ofl through filter paper (No, 5160, 250 HM). Pure o11 !¡as

obtained but the fllter paper was conpletely plugged up wllh paraffin.

The saue situaclon Dust occur in the sandstone' Table l-3 surmarfzes the

result obtalned ln these ultrasonlc experlments. It can be seen that

the lmproveEent Ln permeabllity 1s independent on the tltre of ultráson1c

stimulatlon, Thls could be because of the tool used. Afler I to L Llz

hours stinulation, Ehe ultrasonlc tool beglns to show erratlc behavlor,

that ls why the stluulatlon perlods were Llnited to I/2 to t hours. The

lnitfal permeablllty of the core seems to be afl imPortant facEor. For

example, ln run 3, a 502 PV slug was used and the inProvenent 1n perme-

abfltty ¡¡ae 38.042. The lntttal perDeabillty was 152 Ed. In run l the

size of the slug uas 25"Á PV, and the lncrease tn perneablllly tt^s 39.77",

but the lnftial permeábillty uas only 16 rnd.

cavltatlon r¡as defined by M. D. Rosenberg (24) as the fornatlon and

collapse of cavittes ln llqutds either gas or vapor ftlled. In other

words, lt ls a process characterlzed by the fornatlon of bubbles ln a

ltquld. These bubbles could be fllled r¿Ith the gas which r¡as ln the

rytg,á1"
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11qutd, and bubbles fiIled vrith 11qu1d vapor.

Ulcrasonlc energy produces cavltatlon and cavitatlon 1s the process

responslble for the lncrease in the klnetic energy of the fluid. l.Ihen

cavltles are beinB formed the fluid undergoes a series of stress changes'

Durlng this process, the fluid is strongly agftated, and as a consequence,

its ablllty to dlssolve paraffin ls very much increased. Flgure 22 shows

.aea\
the increase ln teriperature in a fluid belng activat"d by rl|lf.ÉB\i\

l.l 
^.,-- 

¡+ l:i
energy. As ti¡ue increases, the temperature of the .ytt", .r{\$liiiilét.

\¡.ur'
ThIs heat generatlon ls another effect of ultrasonlc energy, 

Bitilfiftñl\ff
energy transforms into heat wlth á deflnlte ratlo. Obvfously,$!RO[".-

ature is increasing, all the paraffin u111 go ln solutlon and above I30oF

no paraffin exists in a solfd state. Then the agitatton of the system,

and the increase ln temperature are the prlnclpal fact.ors affectlng the

removál of paraffins 1n the formatlon. No!r, the generatlon of heat

aroEd Ehe probe eauses a problem ufth the tool ltself' slnce the temPer-

ature lncreáses with the operation tlne.

In a conflned medium, the excesslve heat around the probe causes

defective operatlon of Ehe lnstru¡uent. Btlhartz (2) and asaoclates

observed slnllar probleus ln a field slze tool. They developed some

down hole tools and experlnented wtth them. The resufts of rhelr study

showed that rhe heat generated durlng the oPeratlon l¡as so Ereat that

the tool '¡ouId burn 1tse1f up.

It ls lmportant to notice álso that to operate Properly the tool

must be lEmersed in liquid, slnce 1n gas the ultrasonlc energy ls poorly

transnitted. Expertments conducted vlth Paraffln-oil solutions and forn-

ation waters showed that otl and \rater can be easlly emulslfled' thls

t¡as observed by á change ln color ln the oil (from black to 118ht brown)



TABLE 7

Stimulatlon wlth Ultrasonlc Enersy. Case I

size of the slug of 107 Paraffln o11 = 242 PV

urro., (102) = 3.5

Q=zoz

D = 5,14 cn

L = 60.3 cn

A = 20. 75 cut2

uor, = 6.6 cp

T = 80'F

Tlme
Sec.

Vol. K
o

(md) (md)

t.JoR

(cclcc)
Cr¡m.

VoI. cc
Pressure

(Ar )
lr *L
A. AP

K Fluid

1800.
1800.
1800.
9000.
3600.
1600
3600
1600
3600
3600
7 200
7 204
7 200
7 200
7 200

25
25
25

1r.5
11.
L2.
11.
11,

9. 40
9. 40
9.40
5.64
5. b4
5 .64
5 .64
s.64
5 .64
5.64
s .64
s .64
5.64
5.64
5 .64

r9. 78
19, 78
19. 78
3.L6

.198

.198

.00

.198
,00
.00
,00
,00
.00
.00
.00

.2005

.0002

.0002

Wáter
Water
lrater
L. Otl
L. O11
L. OlI
L. 011
L. Oil
L. O11
L. Ofl
L. Otl
L. Oil
L. O11
L. OlI
L. 01I

2

?
2

3

l
3

3

3

3

3

3
3

3
3

3

5
0
0
0
0
0
0
0

.022
0
0
0
0
0

.40

.40

.40

.40

.40

1l
23
2l
22
27
2L

.04

.04

.04

.40

.40

.40

.40

11. 90
17.62
rt .62
t7 .62
L7 ,62
t7 .23
L7 ,23
18.87
16.41
t7 .23
16.41
L6 .45

,,\
50
75
98

109. 5

121. 0
133. 5

r45. 0
156. 0
167.0
r90. 0
2u..0
?33.40

,40
.40

¡
r.r

4
ma
o

{tt §.
cr\

Core I



TABLE 7 ( cont Inued )

T = 110" F

TIme
Sec.

Vo1. Pres sure
(Ar )

f,,oR
(cclcc)

Cu.
Vo1. cc

lr *L
A. AP

K
o

(md )

K Fluid
(rnd )

3600
3600
3600
I8 00

80
19
t5

6

2,99
2 .99
2.99
2 .99

16,6?
15 .19
L2.46
9.97

295
314
329
3 33

3.4
3.4
3.4
3.4

0
0
0
0

0
0
0
0

102 P. 011

After 8 hrs. the tenperature of the oven was 80o F, and relnlectlon of 0% paraffln o11 started. Afrerr tl 2 hrs. no productlon !¡ás obtalned as a consequence of the plugging.

Stlnulation wlth ultrasonlc energy started,

Production after Stlmulatlon with Ultrasonic Energy

7 200
7 ?00
7 200
7 200
7 200
7 200
7 200
I200
7 200*
7 200
7 200
7200

11
t1

8
8

IO
9

10
9

L2
IO
10

4. 08
9.08
9. 08
4.08
4.08
9.08
9.08
4.08
4.08
4. 08
4. 08
4. 08

4.70
4.70
4.70
4.70
4.70
4.70
4.70
4.70
4.70
4.70
4.70
4.70

.18

.18

.22

.22

.53

.88

.53

.88

.44
o1

.53

. )J

346
351
36s
373
383
392
402
411
444
456
466
476

7

7

5
5

6
5
6

5

10
7

6

6

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
3.?6
0.0
0.0
0.0

0z P. 0i1

1.06

m=
Oé!=o';
Fñ

+
¡



PERMEABILITY TO OIL

(coro it ralar r.t )

CORE:L.60.3 cm

Por. - 20.0*

A = 20.75 cm2 Slug Size = 24.1o PY

Viscority of the oil (0%.P.) 5.6 € 8O'F

=

WATER 8OO F o70 P. OIL 800F + STIMULATIOT.I WITH

ULTRASOttIC
l0.lo P,

olL ocF
PERMEABIL ITY TO
WATER

A
I

j lo.o
-
I
4

20.o

tt. o

6.O

o.o
o.o roo.o 2@.O

cututllllt Pt0DUcil0r 0f tt
Flgure 13. Production Hlstory for Run 1
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TABLE 8

Stluulatlon wlEh Ultrasonic Energy, Case 2

Slze of the sLug of 102 Paraffln OII - 84.47" P\

Core 2

D = 5.I4

L=30cm

A = 20.75

Ti¡ne
Sec.

VoI.
cc

-l;uL
A.AP

Pressure
(Ar )

K K I.,0R
(cclcc)

CrÍo,
Vo1. cc

Fluid
o

(urd ) (md)

.59

.59

.59

.59

.59

.36

. 36

r80
180
180
180
180
180
180
180
1800
1800
1800
3600
3600
3600
3600
3600

12. 5
12. 5
L2, 5

L2.5
12.5
19.0
6.0
5.0

18.
t8.

35.
JÓ.
38,
18.

.4s

.45

,45
,45
.06
.06
.06
.06
.14
/6.84
/6.84
/6.84
.84
.84
.84

170.
170 .

170.
170.
17 0.
Ltz .

35 .4
29,53
15. 90

Wate r
l.rater
l.Iater
Water
[,¡ater

0z P. 011

.36

.36

.27

1

I
1

I
1
1

I
1

1

1

I

2

2

2

2

2

I
1

l-

I
I

14
I4
L4

6

6

6

I
1

1

L.57
.08
.08

L2.5

37.5
50,0
62 .5
81. 5
81 .5
92 .5

r19. 5

137.5
155.5
190.5

263.5
301 . 5
339-s

.27

.27

.27

.27

26 ,6
6t.75
6L.75
72-2
72.2
7) ',)

11. 35
3.48
1.58
1.58

¡té
-38 +

¡r
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140.o

r20.0

80. o

60.0

40_o

20.0

o.oo.o too.o 2@.0 3m.o 400.0 sm.o 600.0 7!o.o
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COR E:

L = 30.0 cm.

A = 20.75 ó¡n2

Por = 20.0%

Slus Siza (1096P.l = 84.4% PV

a--- PERMEAB ILITY TO WATER

o o7. p. otL BocF
to%P.orl

'*
llooF
BO'F

sTlMu-ATlot{ wlTH ULTRA!¡OI{l C

r PERMEABILITY TO OIL

+

Flgure 14. Productlon Hi6Eory for Run 2



TABLE 9

Stlnulatlon r/l!h UlErasonlc Energy, Case 3

Core 3

L = 60,3 cn

¡, = 2O .7 5 c¡.2

Tiue
(Sec. )

VoI. Cun. V
(cc) (cc)

Slug size = 502 P.v

U o11 = 5.83 cp

Pressure U *L K
o

(od )

K

(nd )
cc/ ()

U
(Ar ) A. AP c

360.
360.
360.
360.
360.
360.

1080.
1080,
2160,
2160.
2160.
2880.
2880.
2880
2880.
2880.
2880
2 880
2880
2880
2880
2880

90
135
180

242
280
306
346
176
408
451
492
539
588
637
688
74L
793
846
899
952

45
45
45
45
40
22
38
26
40
JU

32
43
4L
47
49
49
5I
53
52
53
53
53

.30

.30

.30

.30

.30

.30

.30

.30

.30

.30
,30
.30

46.14
L23 .92
118.16
r35. 45
L4t.22
tíL.22
146. 98
t52.7 4
149,86
t52 ,7 4
t5? .7 4
L52,7 4

0
0
0
0
1
I
1

I
1
I
2

2

2

z
2

2
2

2

2

2

2

2

.L4

95
95
95
95
36
36
Jb
36
36
36
04
U4

04
04
04
04
04
04
04
04
04
04

.06

.06

.L4

.14

.L4

.14

382.5
382.5
382. 5

382. 5
?37 .4
130. 8

7 5.3
51. 5

39. 6
29 ,7
19. 81

3

3

3

3

3
2

2

2

2

2

8
8
8
8
8
I
8
8

8
8

8
8

06
06
06

: BtBuori[Fht'
- ESPOT

011 0z P.

T = 110"F
2880
r880

720
1440
5400

60
50
15
3.5

22

1012
r062
LO7 7
1080, 5

1102.5

2 .04
2 .04
2.04
r. 90
3.4

8, 30
8. 30
8.30
8.30
4. 98

108. 87
132 , 60
103.87
2t.67
20. 30

011 102 P.

Productlon after Stfnulatlon !¡lth Ultrasonlc Energy

7 200
7 200
3600
3600
3 600
3600
3600
3600
18 00
1800
3300

46
54
32.5
36.5
35, 0
36. 5
37 .5
39. 0
21. 0
2L.O
38. s

1148. 5

1262 .5
1235.0
L27 | .5
1306. 5
1343.0
1380. 5

1419 . 5
L440 . 5
1461.5
1500. 0

4. 98
4. 98
4.98
4.98
4.98
4 ,98
4 .98
4.98
4.98
4.98
4 .98

31. 82
33.20
42.88
50.49
48 .4?
50.49
51. 88
53. 95
58. r0
58. 10
58.0

J.4
3.4
J.q
3.4
3.4
3,4
J.¿t
3.4

3.4
3.4
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Flgure 15. Product.lon Illscory for Run 3



54

TABLE 10

StlEulat ion with Ultrasonic Energy, Case 4

Core 4

L = J0 cm.

A = 20.75

Q = 207" Slug size = 142 PV

u o11 = 5.83 cp (02 P.)

Time
(Sec.)

Cum.
T ime

Vo1.
(cc)

C. Vol .

( cc)
Pressure U ,rL

(Ar ) A. AP

.52

.52
,52

q?

.52

.01
,89
.89
.89
.20
.20
.20
.20
.20
.20
2ñ

K K I.IOP Fluid
w

(md) (md)
(cc CC)

()

130
130
130
130
130
130
390
195
650

1800
1800
r800
3600
3600
3600
3600
1600
3600
3600
720

2.t7

6,5l
8. 68

10. 85
13.02
19 .52
22,77
33.60
63.60
93. 60

123.60
183. 60
243 .60
303. 60
363.60
423 .60
483. 60
543.60
s 55. 60

175.

175.
t75.
128.
116 .

Water15
15

15
l1
10
20

9

2L
26

'¡?

4l
45

51
5l
l-t

15
30
45
60
7L
81
91
99

t23
t44
170
L97
229
770
315
362
413
464
615
526

.95

.95

.95

.95
1.36
1.16
r.36
1.36
2.04
2 .04
2.O4
2.04
1. 36
1.36
1,36
r.36
1.3ó
1.36
1.36
1.36

52 .34
85 .08
88. 35

70. 61
17.50
80.84
87.83
87.81
87.83
56.85

I
I
I
I
I
I
I
I
I
)
5

5

6
6
6

6
6

6

6
3

52

3

Í&¡rut¡crtftf 
.',0"

TT.esESPOt
70.I5
17 .29

.42

T = 110"F

720
720

567.60
579.60

2

6

534
540

1.36
1.36

3.72 41.33
31.00

Productlon after Stinulatlon wlth Ultrasonlc Energy

720
1800
1800
r 800
180 0
1800
1800

591.60
621.60
651. 60
ó81. 60
711.60
7 4L .60
756.60

10
I.)

t3
l3
13
6.5

54?
552
565
578
591
604
10. 6

L7 .2?
14 ,44
44.78
44.78
44.78
44.78
44.78

.36

.16

.36

.36

.36

1

1

1

I
1

I
I

6 .20
6 -20

6 .20
6 .20
6 .?O

r0z P. oi1

.36

.36 6 .20

"A Rec. = 517"

t:
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l-* o%P. OtL 80"F +L' 
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Flgure 16, Productlon Ili8cory for Run 4
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Core No. 5

L = 27 .9

A = 20.27 cm

Q=20%

Pore Vol. = 113.11 cm

TABI,E 11

Stlnulatlon h,1th Ultrasonic Energy, Case 5

Slug slze = 25% Pv (28.28cc)

2 3

Tlne
(5ec.,l

VoI.
(cc)

p*L
A

1. 38

Pressure
(At )

K K

md

Cun. VoI.
(M rn. )

Cun.TinÉ Elu ld
Mio (

md

360
360
360
360
360
360
360
360
360
360
360
3ó0
720

1800
1800
27 00
2700
27 00
2700
27 00
27 00
27 00
2700
2100
27 00
2700
?7 00

360
360
360

40
30
40
44
4t
19
39
4I
39
35
L2
10
16. 5
30
33
4L
38
45
44
42
43
43
4t
38
43
JO

45
7

7

7

.41

.24

.37

.44
,4L
.4r
.4L
.4I
.41

1. 01
.99
.99
.97
.97
.97
.97
.97

o7

,97
.97
.97
.97
.97
,86
.97
,97
oq

.95

.95
o(

373.01
471 .9
4rf.L4
382 .34
382 .34
363.69
363 . 69
382 .34
363 , 69
r32 . 49

46 .34
38.62
32.52
23 .65

8-67

40.
70.

110.
154 .
195.
214 .

27 3.
314 .

353.
388.
400.
410.
426. 5

456 .5
489. 5

530.5
568. 5

613. 5

657 .5
699.5
742.5
785.5
826 .5
864.5
907.5
945 .5
990. 5
997.5

1004. 5

1011 . 5

pseo

* ater

30

0rj0ittI t\t\,
L,'B

4

4

7 .84
10r. 1l
L25,62
r16.46
137.83
134 . 81
t28.69
131 . 71
131.71
125,58
131.32
131.7r
116. 39
L37 ,52
L60. 47
L60 - 47
160 .47

54
60
ó6
1¿
84

114
L44
189
234
279
324
369
4r4
459
504
549
594
639
684
690
696
702

0z P. otl

< .01
< .01
< .01

7.84

TemP. = 129' P

720
720
770
720

6.5
ó.0
6.0
6.5

.99

.99

.99

.99

7L.75
65.99
65.99
7 L.49

1018.0
1024. 0
1030. 0
1016 . 5

7L4
726
738
7 50

207. P. OLL

7.84
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TABLE 11 (conr lnued )

ProductLon after Stlnulation tfIth UJ.trasonlc Energy

Time
(Sec. )

Vo1.
(cc)

Pressure
(At )

U*L K K
o

Cun, Vo1 .
(cc)

Cum.Tiue Fluld
(Min . )

360
1800
1800
3600
3ó00
3600
3600
3600
3600
2700
2700

720
720
720

.97
1. 03
1.03
L.22
L.22
1 )'

L.22
t.22
1,02
2.79
?.79
2.7 9
2.79
2.7I

78. 58
14.80
16. 91
16. 07
Ió. 07
16.60
16. 60
16.07
20,28
54 .L2
68.69
7 0.25
70.25
70.25

3.5
4.0
9.0
9.0
9.3
9.1
9.0
9,5

7 .84 1040,0
1043.5
L047 .5
1056. 5

1065.5
LO7 4 .8
1084. I
1093. I
1102.6
1154. 6

t220.6
L238.6
r256.6
I27 4 ,6

756
786
816
876
936

0z P. 0f1

53.
66.
18.
18,
-Ló.

-agÉ..-

/,m)''
\',"\¡?*:; z.'Ql?,.--

2262-
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S¡lnulatlon
TASLU l2

wlth Ultrasonlc Enersy. Case 6
(lorr¡ No. 6

Core L =50cm
= 2A.75

= 2011ó

Slug slze (2OZ P, O11) = 502 Pv

t zoz p.o. @ tzo"F
u oz p.o. @ Bo"r = 5.83

Time
(Sec. )

Vol,
(cc)

u*L
o

(md)

Cu¡n.
Vo1. cc

FluidPressure
(Ar )

K tlloR
(cc/cc)

Cum. (Mln. )
Tlne

(rnd )
360
360
360
360
360
120

1080
2t60
2160
2160
2160
2L60
2L60
2160
2L60
2160
7 200
7 ZOO

7 200
7 200
7 200
7 200
7 200
7 200
7200
7 200
7 200
7 200
7200

720
120
720

2.84 6

l?
l8
74
30
36
48
66

L02
138
L74
210
246
282
3r8
354
444
564
684
804
924

1064
1164
L284
L404
L52+P
16,áti'=
Ilgté-
rfk?:
ufl"=-
18Ó0 ' :

1812

Water,q

26
25
25
25
25
23
30
2L
I5
11

L97 , 46
205.11
t97 . 46
r97 . 46
L97 . 46
106. 50
60. 48
39 .44
27 .6L
t9.72
L4 .46
10. 52

5 .92
5.26
4.60
4 .60
3,7 5
0.30
0.20
0.39
0.20

22
20
18
1o
55
89
89
L2
1I
11
1l

2 .30
21. 30
27 .63
29,94
26.48
25.33
23.03
20.7 3

11.51
33. 86
54. 80
54.80
73,89
67.73
67.73
67.71

25
51
76

101
L26
15 3
t76
zo6
,),.,

242
253
?.6L
265,5
269 .5
269 .5
276.5
297 .5
3L7,5
34?,5
370. 5
394.5
416. 5
436, 5
454 .5
464.5

1.0
1.0
1,0
1.0
1.0
1,0
1.0
1.0
1,0
1.0
1.0
t,0
1.0
1.0
1.0
1.0
2,0
2.O
2.0
2.0
2.0
2.O
2.O
2.0
2.0
3.7 4

3.74
3.7 4
3 ,14
3.7 4
3,7 4
3,7 4

oi1 0z

8
4,5
4.0
3.5
3.5

L,42 /8.28
2.841L6.58

r-ó. 58
16, 58
16. 58
16.58

9.5
12.33
0.04

:?\

0
*.

\o

742.



TABLE 12 ( cont lnued )

'f lme
( sec. )

Vol.
(cc)

K

(md )

w0R
(cc/cc)

Cum.
Vo1. cc

EluldPressure
(et¡

K Cum. (Mln. )
Tlme

o
(md )

T = I20" F
3 600
1600
36 00
3600
3600
r860

37
L7
15
13

8

3. 40
3.40
4, 08
4 ,42
4. 59

42 .65
39. 45
18. l3
13,33
10. 66
L2 .23

<.01
<.01
<.01
<.01
< ,01
< .0r

774,5
811. 5
828.5
843.5
806. 5
864.5

1844.
r881.
1898.
1913 .

t9z6 .
1934.

13.05
13. 05

202 P.0rl

Producflon after Stluulation wlth Ultrasonle Energy
5400
5400
7200
7 200
7 200
7 200
1200
7 200
1200
7 200
7 200
7200
7 200
7200
3600
5400
5400
5400
5400
5400
5400
3600
3600
3600
3600
3ó00
3600
3600

t6. 58 2.38
4. 08
4.08
4. 08
4.08
4.08
4.08
4.08
3.74
3.7 4
4.08
4,08
4,08
4 .08
4.08
4.08
4.08
4.08
4.08
4.08
4. 08
4.08
4.08
4.08
4. 08
4,08
4.08
4,08

<.011.5
13
20
20
2l
77

24
30
29
18
27
25

16
22
L7
10

9

7

6
10
l0

8
8
8
8

1.94
9.78

r1. 29
1r.29
11.85
L2.42
12.98
13.55
L8 .47
15. 80
15. 80
L5 ,24
14. 11
14.11
18. 06
16, 54
L?,19
7.53
6,77
6. 02
5.27
6 .17

tL.29
11. 28

9. 03
9. 03
9. 03
9.03

866. 0
879.0
899.0
9r9. 0
940. 0
962.0
985. 0

r009. 0
1039. 0
1068. 0
1096. 0
112 3. 0
1148. 0
1r73.0
1189.0
1211 . 0
1228.0
12 38. 0
t247 . O

1255.0
L262 .0
1268, 0
L2?8.O

1935.5
1948. 5

r968.5
r968.5
2000. 5

2031. 5
2054 .5
2078. 5

2108.5
2137.5
2L65 .5
2L92 , 5

22L7 , 5

?242 .5
2248.5
2280. 5
2297 .5
2307 .5
2316 . 5
2324 .5
2331.5
2337 .5
2347 . 5
2357 .5
2365.5
237 3.5
2381.5
2389,5

0u P, o11

a

1288

o\
O

ill galIn1
2

3
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Core No, 7

L = 29.6 cE

A = 20. 75 cm

TAILE 13

Stlmulatlon with Ultra8onlc Enerqy. case 7

Slug size - 75i{ PV (202 P. O11)
2

Tlme
( sec. )

Vol.
(cc )

34
37.5
37.5
37 .5
30. 0
22. O

7.6 .O
16. 0
24 .0
15. 0
24.0
18. 0
30. 0
38. 0
38. 0
38. 0
25.0
25. 0
25.0
25.0
25.O

Press,
(Ar) A

K K

nd

Cum. Mln.
Tlme

6
l2
18
24
36
66

t26
186
246
276
306
336
366
381
396
411
42L
43L
44t
451
461

Cum. Fluld
Vol. cco

ud

360
360
160
360
720

1800
3600
3600
3600
1800
1800
1800
1800

900
900
900
600
600
600
600
600

o,
aa

.ót

.82

.73
L. L2
1.63
1.63
2.04
z.o4
3.7 4

1.43
1.43
1.43
1.43
1.43
1.43
1.43
1. 43
r.43

L.431 8, 32
L.4318.32

8.32

2ó.06
26.58
22 ,24
37.08
93,92
93.9?
93.92
92.69
92.69
9? .69
92 .69
92 .69

.67

.96

.96

7t.
109.
L46.
L76.
198.
224.
?40.
?64,
279,
303.
32I.
351 .
389 .
427 .

475.
490.
515.
540.
565.
4 90.

r64. 7

6
6
6
6
61
34
90

34.0
18r.
181 .
181 .

81
l5

6

3

4

B\BudlitAlit"
EgPOL

5

5

5
5

)

5
5

5
5

5

5

5

5

5
)

T = 120'F
1800
1800
1800
3600
2400

17.0
17.0
r3,0
25.0
20. 0

23,50
23. 50
L7 .97
L7 .28
20.7 4

481
52t
551
6l t-

651

607 .5
624 .5
637.5
662 ,5
682. 5

8. 46
8.46

3, 40
3, 40

207. P .otL

Productlon after Stlmulatlon Lrith U ltrasonic Energy
3600
3600
7 ?00
5400
7 200
7200
7?00
7200
7200
7 200
7200
2400
7 200
7 200
7 2.OO
'1 200

3 5

8. 32 3.74

2. 64
5. 89
3.92
3.59
4 .65
5 .49
5. 95
7 .39
6 .21
6.94
6.10
7,L2
6 .64
7 .63

13.
t2.
11.
11.
13.
L2.
15.
16.
6.

15,
L7.
16.
19.

711
77L
891
981

110r
t221
13 41
14 61
158r
17 01
18 21
1941
2061
2r8t
2 301
242L

0
0
0
0
0
0
0
5

5

0
0
0

5
0

4.
6.

3 .67
3. 61
3.61
l.b/

688. 0 0Z P. O11
692.0
698. 0
711.0
7 23.0
734.0
745.O
758.0
770.5
786.0
802.0
808, 0
823.0
840.5
857.0
876.0

6\"r
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TABLE 14

Suutrary of Runs Conduc ted

Run
No.

( md) Ko (rnd )K Pore
Voltune

P. ln
so1,

%

Slug
slze

K K
r) o(z) (3)

Pern. %

recovered
after stl¡ru.

To tal
Run t lue

(nln. )

Total- t lme
of s t lEu.
lrith U1t ra.

w

(r)

I
2

3

4

5
6

7

19,78
17 0.
382 .5
17 5. 38
363. 69
L97 .46
181, 60

16.45
1'.J )

L52.7 4
87. 83

131. 3

67.73
92 .69

250.25
t24.5
?50 .25
L24 .5
113.11
244 .85
L22 .8 4

10.
10.
10.
10.
20.
20.
20,

24.
84.4
50,0
14.0

50,

6.53
L2 .39
58. 10
44.78
7 0.25
9.03
6 .87

27 t5
2631
1628. 33

7 56. 60
2298 .
2389 .5
242L .

240
240
294
120
255
225
450

0.0
0.0
0.0
0.0
0.0
0.0
0.0

39
51
43

39,70
17.16

.04
))

r3.03
7.4t

(
(
(

1) Before injecti.on of P. OiI.
2) Perneabllfty after plugglng wlth paraffln.
3) Perueablllty after stlmulatlon with ultrasonic eoerE/

rltF-
A'-l!:'l *

-A E



too.o

90.o

80.o

65

0lttA t\t1

SPOL

*

E
a

vt
C!'

50.o

40.o

70.o

60.o

30.o

20.o

I O.O

o.o
60.o 80.0 roo.oo.o 20.o 4 0.o

ptnctrlrtt 0f PtlttlSlIlrY rtG0ItntD

lt.rf (PrnrtflI c0tGtrItlIl0I lr Illt EtÜ3)

o
G0tt 2

tstB

o coR¡ ¡

cont l

cllnE {

Figure 20, Percentage of K,, recovered as a function of SIug Slze' l0Z

<.^
4.\'.

,/
/¿

Et



6690.0

80.o

70.o

t[[ i\t']
POL

-E
¡É

C9

ar,

60.o

50.o

40.o

30.o

20.o

ro.o 20.o ¿lo.o 60.0 80.o

PTTCEXIIGT OT PtTTtTB¡LIIY IICOUETTD

roo.oo.o

t
20.0f (PrrltilI c0IctIIttIr0r ¡I rIt sIu

'i Fi..

S\B'Jü
G

Flgure 21. Percentage of Ko Recovered as a Function of Slug Size, 20"t



t50

t80

t70

t60

r40

r30

120

ilo

too

90

80

¡!
o

l¡J
tt
=F
fE
l¡J
(L
-
l¡J
F

504o 
=.rfl É

@4rÉ
tr6 A

? -<1

3520 ?á 30

CUMULATIVE TIME , MIN,

o 5 l5lo

o.
Increase ln Tenperature dr,re to Ultrásonlc Stlmula

a

*

Flgure 22.



68

and observlng the emulslon using a microscope. Thls could be a najor

problen since the euulslons forued are very atable.

WeEtab ility Chanse and Thermal S I imulation

The last set of experiments dealt r¿lth thermal stimulatlon
.1

orlskany sandstone and Cllnton sandstone cores. Three effects Lre í,)

studled, slnce it was felt that these effects should enter into

success of the therEal stimulatlon project.

¡1 Ttle Physlcal ReEoval of Peraffln and/or Carbonaceous Materlal

ln Fracture Systems and Adjácent Reservolr Rock

The phystcal removal of paráffln and/or carbonaceous Daterial

ln fractures systems and adJacent reservolr rock ¡¿as expected to be

the predoElnant mechanlsD ln any successful stlluulatlon. It ls

known that the hlgh tenperatures exlstlng durlng the stlmulation

r¿ill burn any such deposits as evldenced by vlsual lnspectlon of

cores baked to 1000"F and nany references in the lit.eraturé to

EherEal recovery methods. Slnce these experfu¡ents gave better

resulEs 1n removlng the parafffn deposÍts, lt was declded to use a

thermal stinulatlon nethod ln the fleld project, In the laboratory

experlnents the temperatures used r¿ere 1n the range of 1.00G-1200'F.

At these hlgh teEperatures all the paraffin ¡¡as burned.

b. Fracturing or A-l-teration of Adiacent Rock

Fracturlng or alteratlon of adjacent rock \.ras another luPortant

facEor expected to contribute to the success of a therual stiEulatlon.

sánd cores were flred to 1000-1200"F. A seE of tests ljas con-

ducted to evaluate the overall effects that baklng at h18h teEPera-

tures mfgh! cause. The only ctiterla used r¿as a change 1n pernea-

chHB\\ü1ill f\t

ÉSPC'

14R".^
/-"7 .tr,+.\:^

li/ .+:'^í );



69

bllity of the core durlng rhe baklng. The results are su¡ur,arlzed

in Table 15.

The probleo encountered uslng Clinton cores was that even áfter

baklng, perneabllltles rlere unoeasurable ln the lab equlpnent

unless fracturlng on a "nacro" scale had occurred.

It lras establlshed that ft Has qulte easy to lnltlate fr

u§ed..'

;1cltt¡fes

along bedding planes ln a core. Another posslbly urore

effect fs the extenslon of exlstlng nicro-fractures or the estab-

llshment of the sane by heatlng as well as compositlonal changes in

the mlneral make-up of the rock. Aktan (1) determlned the increase

ln permeabflity ln Berea and Bolse cores when heated to 300oF and

550"F. The lncrease vas due to nicrofracturing durlng the heáting-

coollng cycles. Clinton cores, when heated to 1200"F, were doused

in cold Íráter and showed llttle outt,ard change, unless beddlng

planes were present ln the cores. t¡hen thts happened the cores

cracked along these beddlng planes, Oriskany cores, on the other

hand, dlslntegrated when doused 1n cold L¡ater, vhich tmplLes that

Ehe ceEentfng naterial ln the orlskany cores breaks down under a

tetrperature shock of thls magnltude.

These experfunents showed the exlstence of mlcrofractures, as

noted by Aktan, 1n the oriskany cores shich had a good in{t.tál

permeablllty (37 md,). This effect r./as not evldent ln thé Clfnton

c.o res .

To study the effect of tenperature in the rock structure, pic-

These stud ies weretures were taken uslng

classlfled as follows:

Oriskany Cores.

thé Electron microscope.

t'oott"'$lB[l[Itt'; li

E:sP(¡'

Frames 1 and 2 of Flgure 23 show an Orlskany



Cllnton Cores frou Hal llburton SamPle

70

Air Permeabll lty
after Baklng

urd .
Core

I
?

3

4

5

6
7
o

9

10
11
t2
t3
L4
15
16

<1
<1
<1
<1
<1

Alr Permeab illty
before Baking

md.

Baklng
Temperature "F

900
1200
1200
12 00

900
1200

uB],l01i[Atlt
ESPO!

I
?

3

4

5

6

L.9
2.0
5.4

88.4
58. 3

56.1

Clinton Cores from Control WeIl

I
I
1

I
I
I
I
I
I
1

1

I
1

1

L

1

1050
1050
1050
1050
1050
r050
1050
1050
1050
1050
r050
1050
1050
r050
1050
t050

<1
<1

<l
<1
<L
<l
<1
<1
<1
<l
<1
<1
<I
<1
<1

orlskany Cores (Erle Count Pa.)

10H(horlzontal

8V(vertical)

240 .9

160. 6

1000"

1000'

584.0

189, 8

TABLE 15

*
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core before and after beln8 báked to 1200"F. The dark rectan-

gle (2 cn.) at the boEton right 8lve8 the scaLe of magnfflca-

tlon, l. e' 1m-2cu, a Eagnlflcatlon of 20:1. Note the very

small pores ln the rock before baking and the large open pores

after bák1ng '

Fraues I and 2 of Ffgure 24 sholr rhe saue areas of the

sane cores at a hlgher Eágnlflcatlon 400 y = 2 cn (500:l)'

t

Note ln Fraoe 4 that the largeet Pore shorn Is on the oraer g1¡¡1¡1itl [\[

of 200 u, ao that targe scale alternatlon of the rock Is ESPOI'

taking place durlng baklng at 12OO.F.

Fra¡¡ee I and 2 of Figure 25 ahol¡ the same areas of the

corea at even higher Eagnlflcation, 100 u = 2 cE (2000:1) and

200 u = 2 crn (1000:I) ' rn the left center of frame l, one can

detect sooe sll8ht naEurally occurrlng fractures' In frame 2

the wholesale alteratlon of the rock gralns ls qulte evident'

Fraues 1 and 2 of figures 26, ?7 ar.d 28 respectlvely shov

ánother set of analagous Plcturea fron the face of the sare

core before and after baktng. It ls obvlous thát the Orlskany

sandatone responds dramáttcally to the heat treatlng Process by

protluclng large pore syateEs withln the matrlx of the treeted

rock, flot, tests on the cores before and after baklng show

thls behavior buE not to the extent these Photographs would

suggest. Evidently these huge vislble pores are not fu1Ly

lnterconnected throughout the rock Eatrlx' Perr0eáblllty fn-

creases of two to one have been reported earller from flow

tests. Probábly the crlterlon of snall fractures would be the

EOSt inPortant effect of the heat lreatment'
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Clinton Cores. Frames I and 2 of Ftgure 29 are befo

after baklng photo8raphs of the clinton cores. Befo

the cores exhlblt aloos! no Poroua develoPEent on th

After baklng lt ls posslble to see small pores creat

treatroenE but ¡hey are qutEe scattered and probably

connected.

Frames l and 2 of Figure 30 are the same areas

re and

re baking,

e surface.

ed durlng

not
*

hlgher loágnlf icat l-on.

evldent here or under

franes I a¡d 2 of I'igure 31. The Eatrfx of the Clfnton sand

does not seem to respond as strongly to the heat treatment as

does that of the Orfskány cores. Thls is t{hy extraPolation

of these resulEs fron one gand to another are qulte rlsky.

Under the clrcuostances there Ifas ltttle cholce ln the flor¿

experluents conducted ln thls study slnce Ehe Cllnton cores

were 9o poor thát Dany tests could not be performed on theo.

Frames l and 2 of Flgure 32 and frame l of Flgure 33 show a

large fracture created durtng the seParation of rhe unbaked

CllnEon core under dLfferent magnlflcatlons. It is exPected

that natural fracEures look very much llke thls ln detatl.

As reporEed before, It is possfble to creaEe Dicrofrac-

tures \rlthln the matrLx of the CLlnton sand'

Flgures 33 (Froe 2) and Figure 34 shor¿ two of these.

Fra[e 2 of Figure 33 shows a fracture caused by treatlng at

1200'f át a magnlflcatlon of 20:1. Frame 1of Flgure 34 i.s

another fracture at a rnagnlflcatlon of 20:I. Frame 2 fs a

500:1 nagniflcatlon of the fracture ln frane 1. It ls felt

Ihere is 1f tEle apparent drf f erg6{'1ir,)}. til
Éq.po!

even greater Eágniflcation as sho$kYá
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Ehat Ehis fracEurlng effect w111 be the donlnánt mechanlsms of

peroeabllfty lDproveoent durlng the heat treatments. Conblned

wlth the spl.lttlng effect of cores along beddlng Planes these

fractures through the Datrlx could eáslly iüprove the pernea-

biltty of the Cllnton sand in the vlclnlty of the r¿ellbo add

hydraúIlc fracture sysEeú.§ by several orders of nagnitud

.;;

/,,

c. Wettablllty Ctranges Durlnc St iEulatloD
BlBll0lit I ft

Aft.er therDal stlEulatlon has renoved all flulds from Ehe E]gPOi

lt should be poeslble to change the r¡ettabll,lty characterlstlcs of

the rocks. In the fteld thls can be acconpllshed by lnJectlng

nitrogen for a tlme after burnlng has stopPed to dfsPlace the ex-

trenely hot gaaee lnto the fonoátlon near the !¡e11. 011 can be

dlsplaced lnto the foraatlon to saturate Ehe dry rock before

flolllng the úrell back.

An oll-r¡et rock theoretfcally has a hlgher relatlve PerDea-

blllty to o11 and ga§ than a water-wet rock. Tte questlon ls

whether or noE the wettabllr.ty change wlll be PerEánenE.

To lnvestlgate the effect of the wettablltty changes ' two

0rlskany cores (7v and 8H) were cleaned, drled and saturated §ith

2Z Na Cl brlne. The perueablllttes to water, o11 and gas were

ueasu¡ed, These values are reported In Table 16, uslng a Haesler

sleeve flow apparaturs' The permeablllty to water vas qulte low

compared to alr permeabllltles on the dry cores ¡¿tt1ch were 1n the

order of 75 md. Tlese cores are quite uater sensltlve. The

measureuents are qulte anonalous for the rtater-set systeD slnce

relatlve peneabllf tles to o11 and gas should be lo\rer than that

to rrater. The values rePorted are the average of about 30 obser-



74

Core

TABLE 16

Ira Eer We! Oriskany Cores

K
c o

trld

K

Ed

K

x0d

7V

8H

L5.97

7 0,2

1.

43.4

6.7

r6. 0
*

K K
I o

{
Core K

BlBll0Ii:,1till
EsPi)l-frldmdx0d

7V

8H

8.1

37.3

27.3

39. 3

r.1
lt-.5

Oll I.Iet Orlskany Cores



vatlons and r0uch care !/as Eaken to deterDlne that no leakage around

the core holder r¡as taking place.

After cleanfng and saturating with Sandy Lake crude the flor¿

experlnents vere repeated rrlth an oll-wet. syslem. In thls case

the relatlve perneablllty behavlor was norDal rrlth the relatlve

perneablllty to oi.l being hlghest for each core. Coop arison to

the water-wet systeu is dlfflcult ln vle¡¿ of the anomaly men n
*

e¿

/,earlier. These cores were baked to I200"F for 4 hours and r.re
i;(,'j

prepared for ¡he set of runs to study the effect of the sEtrutdisÉp¡-it iti

A sarpte approxlmately I/8 lnch thlck was taken from "r"r, "&EPfil
for use ln the electron ml.croscope. After the next set of flow

tests the core was photographed agaln to sutdy the E0fcrofract uring

which had occurred, As mentloned earller, if ir fs possible to

change the wettablllty of the rocks after heat treatment lt nlght

be possible to fucrease the relatlve permeabfllty to the gas phase

at the expense of the water r¡hlch ls nornally the weEting phase.

I\ro addltlonal cores (12H and 13V) r¿ere cleaned, evacuated and

dried ar 200'C. The penoeablltty Eo oltrogen !¡as ¡neasured ln the

dry státe at 255 and 188 rod respectlvel-y. The cores were saturated

wLEh 2Z brine and the peroeablllty to rrater ln thls uater-wet state

was measured as shown ln Table 17,

O11 \ras Ehen passed through the core until the core $as at an

irreduclble water saturatlon and the per¡oeablllty to o11 was Deas-

ured at thls state. Gaa was then fntroduced and flo!¡ed till- both

the ofl and water rrere at lrreduclble saturaElons and lts Perrnea-

bllity was ueasured,

The relátlve peñ[eabtllty to oll and váter looked normal for
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TABLE 17

Cores IZH and 13V Before Baklng at 1200"F

Permeability ln MiLlldarcles

Core Water-Wet Cores Oil-Wet Cores Dry

K K K

I2H

13V

143

90

78

72

L29

55

43

24

70

51

After Baklng,

oo
KKK

141

r26

255

188

BlBll$ltt,A tltl

Core Water-WeE Cores 011-Wet Cores Dry ESPOL

ocwI Kr K
o

K K K

l2H

13V

159

153

67

139

75

69

15 3

218

61

98

492

58 3

160

191

*r§l
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the water-rdet cores (permeablllty of the Lrettlng phase should be

hlgher). The relattve perneablllty to the gas should theoretLcally

be lower than thaf to elther o11 or lrater but exPerlmentally thls

dLd noE happen, lt nay be that contlnued flowlng of the gas has a

drying effect on the waEer-wet cores. The orfskany sandstone ls

knorm to be r¡ater sensLtlve. Thls effect remalns open to lnvestl-

gatloD.

The cores rrere then cleaned, drled at 200"C, evscuated

aaturated wlth oll fron the Sandy Lake No. 3 r¡ell. the pe

t

rltre

SrBtl0ttt Att
lry to o11 ¡¿as ueagured ln the o1l*¡et státe. Water rras then #§,pOL
Jected untll an lrreducible o11 saturatlon r¡as establlshed. The

permeablllty to water was then meagu¡ed. Gas wás then flowed untll

the pertneablllty to gas could be ueagured ac an lrreduclble oll and

water saEuratlon. The oil-water relatlonehlp look nornal wlth the

perñeablltty to o11 (the wettlng phase) non belng hiShest ln a1l

casea, The gas perueablllty for the oll-wet caae was noroal. The

cores rJere then baked at 1200'F and cooled. The sa¡e sequence of

runs was repeated on the treated corea wlth the resulta llsted ln

Táble 17,

The absolute permeablllty to nltrogen ln the dry cores rtas

doubled In core l2H and trlpled ln core I3V. Co¡e 13V exhlblted

several fractureg caused by the heat treatDent'

The relatlve permeablllty relattonshlps in rrater-lret core 12H

were noraal except for the gas permeabillty. The oil-r¡et core

exhlblts nornal behavlor r¿lth lncreases ln relatlve perneablllty

to the ol1, gas and rrater on the order of 15-172. Thls seems 3oa11

coupared to the 2002 lncrease ln absolute perneablllty. Even l[ore
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baffllng, the 12H e¡áter-wet core shored essenti.ally no change after

baking.

Core 13V, after baking rJhen uater-rret, shor¡ed a decreage ln

relatlvs peroeablllty to ualer but Lncreasea of 175 to 902 to the

o1l, and gas phaaes. In the oll-r¡et state after bakinS, the Peme-

ab1llty to the o11 phase lncreased by 502 but the water and gas

phase permeabllltles lacreased by about 3002. Although soEe

alous behavlor ¡¿ag obgerved durlng the erPerlments, the cont

butlon of the heat treatment seeEa to be lts sblllty to frac

the porous medlun, Although the elctron mlcroscoPe Pictur

shor¡ed some dramatic alteratlon of the matrlx, there 6eems

llttle lnterconnectlon of theee created Pores.

*

es BlBl"t[]'ttli llt

ro fisPc[

If one looks aE the change ln o1l relatÍve pemeablllEles due

to wettablllty ehanges above tt can be seen that lncreasea on the

order of 35-1502 are possible.

It would seeE a g,ood ldea to lncorporate both effects ln a

field test. Nltrogen should be lnjected after the burn to cool

the area near the fractures and then lnject o11 to saturaEe the

clean rock.

Coupled wlth nechanlcal clean-up of the fracture sysleE it ls

felt Ehe heat treatnent ha8 the best chance of success tn the fleld

for the stLnulát1on technlques Bested'
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Flgure 35. Cllnton Core After Baklng, Thernally Induced Fractures (400 U).
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CHAPTER VI

FIELD PROJEC.T

After coopletLng the laboratory experlDents, lt wá3 decided that

the Ehera¿l stlmulatlon ueEhods to reEove páraffln P1u881nB and *

stl¡u1ate the foro¿tlon \^rould háve the best chance of succeed

i'
Ehls basls lt !,as declded to proceed wlth the field proJect orlen

toward ther¡nsl stlmulatlon as a Deans of renovlng paraffins as
Il

wel
ts1l

Lg,vot'
[lttAt\tl

t.o stfEulate the formation.

Control well

To characterlze the Cllnton Sand in the local area a control r¿ell

(Sandy Lake No. 3) iras drllled. flgure 36 shows the area ln Htlch the

control HeLl rdas located. As can be seen, Sandy Lake No. 3 ls located

close to other r¡ells. It was hoped Ln thl§ I.ay to study a group of

vells capable of aupplying the neceasary lnformatlon to evaluate the

effectlveneas of the stluulatlon. T"he sPeclflcatlona for thls velL

are glven ln Appendlx A.

In order to have detailed lnfornatlon of the fornatlon chatacter-

i.stlcs as !¡e1l as accurate data on the fluids and rock ProPertles,

many teaEs and analyses tere conducted. A coEPlete analysls of a core

penetratlng the entlre pay zone' includlng EeasureEents of pernea-

blllty, poro8lty and saturatlons of o11, water and gas at 1 foot lnter-

vals r.raa completed. Caplllary pressure ueasurements and relatlve

perneablllty relatlonships between the three phases was lncluded for

severaL representetlve pay sectlons. The proceduree and results ob-

tained for these studles are presented in Appendlx B under Specfal

core Analysls S tudy.
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A detailed 1o881ng Program llas conducted I'hlch lneluded ' a teDP-

erature to8, a gama ray' neutron' sonlc 1og, dual-Iaterolog' forroatlon

denslty, 3-dimensional velocity 1og and a col'Iar locater 1og.

The analysls of the logs r¡as made by Schlumberger uslng a comPuter

processed lnEerpretatlon (CORIBAND) .

Arialyses were uade for formatlon water' oil and gas' res

these analyses are Presented ln Appendlx B r¡nder Fluld Analys

The conrrot r¡ell r¿as coDpleEed open hole, producing an.oul,h,.m?it tt..,

caslng. Ihe well was equlpped vlth accurate, contlnuous record6§9O:

gauges to lDeasure flov rates, total Productlon of flulds' pressures

and tenperatures.

Slnce the control r¿ell did not have sufflcienE natural flow to

perform deflnltive flow tests, lt was fractured ln a standárd mánner

for such ue1ls after the IogSlnB Program. Modified lsochronal and

presaure bulldup tests were run after fracturing to deflne the lnsitu

reservolr paraseters. The procedures followed are Presented ln

Appendlx A under Well Test Procedures.

The Isochronal curve for the Sandy Lake No. 3 ls presented ln

Flgure 37. The orlglnal bottou hole Pteaaure r¡as about 1200 pel and

thls curve rrould fndlcate a true absolute oPen flol¡ potentlaL of only

abouc 200 MCF/D. Actual.Iy, rátea as hlgh as 2000 MCF/D were sustained

for an hour t.iEe but this 18 the result of the conPressed gas ln the

well and the gas produced from near the fracture sysEer[s close to the

wellbore. The stablllzed points were measured after flow times of 3

days L,hen ¡he Eránsient pressure behavior had Eoved out beyond the

ItEIts of the fracture systens. The exponent n (the reclprocal slope

of the curve) has a value of I.17. Thfs lndlcates that the EesE may

I
s
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not be too rellable since it fal1s outslde the theoretlcal range of

,5-1.0. The data for Figure 37 Ls glven ln Table 18, The AoF reporr-

ed correspondE to II58 psla,

The pressure bulldup test run on the control r¡ell is presented

fn Table 19 and Flgure 38. The value of perneablllty (approxl

.02 md.) reported ln Flgure 38 was calculated uslng,

K _ 162.6 9g u BF

ma tely

where

rr¡i'Íufi&tir
ESPOq

¡1 = perreabtlfty, md.

qg = flor rate of gas, B/D

U = gas vÍscoslty, cp

Bg = ge8 foñnárion factor, res Bb1/SIB

m = slope of the stablllzed part of the curve,
ps1/cycIe

h = fornatlon thLckness, ft.

After Sandy Láke No. 3 r¡as fractured, the r¿ell r¿as opened to productlon.

Table 20 and Flgurea 39 and 40 shov lhe productfon hlstory of the well.

l.Ihen productlon started on SepteEber L, 1975, the well head pressure

was 1150 pslg. Nlne days laEer, the pressure r¿as dorrn to 875 and on

Septeuber 23, the r¿el1 head pressure ¡¡ae stablllzed at 115 psig. This

pressure was nearly constant through the whole productfon hlstory

(Apr1l 12, 197ó). Thls behavlor 1s typleal of the vells of thls area.

Thls sharp drop ln pressure r¡¿ry cause paraffln to preclpitate and

reduce even more the flow capaclty of the well.

0ffset Wells

Sandy Lake No. 2 and Tarter No. I s¡ere selected as offset valls.
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SANDY LAKE No.3
ISOCHRONAL WELL TEST
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Fl-gure 37. Sandy Lake No. 3, Isochronal Well Test

*

llt:i l\tl
Ff'

-
I
I

G
I

I

¡oooo

3rlt Ir¡ tr cr¡lt

¡tlar II I ta r¡ I3

a
a

Ir

IllrSttlT c¡ttt

a

Itllltttl t0t¡t3



TABLE 19

Preesure Bulldup Test' Sandy Lake No. l

Ar
(hrs. )

18
r9
IU
2T
z2
21
24
27
30
33
36
39
42
45
48
51
54

60
63
66
69
72
18
84
90

98

BlBll0ltlL iltl
ESPOI"

Ar
(hrs. )

rh+Ar
AI

983
492
328
246
197
165

141

t24

110

99

90

83

76

7l

66

62
59

bhp
(ps 1)

150

345
390
43L
470
502

525

548

570

598

625

642

ó65

681

7t0

732
750

r h+at
At

55
53
50
48
46
44

37
Jrt
31
28
26
24
22
2L
20
19
l8
L7
r6
l6
15
t4
l3
13
I2

bhP
(psi)

0
I
2

3

4

5
6

762
773
783
793
810
820
830
860
895
940
962
983

r020
104 3
105 9
l-082
1100
Lt22
113 3
1r33
1r39
lr39
1139
1"145
1150
1161

7

8

9

10

tl

L2

13

L4

15

16
L7

*

*-,i3) /t



SAHDY LAXE No. 5

PRESSURE BUILD-UP CURVE

Partnaobilily §, .o¿ md.
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Flgure 38. Sandy Lake No. 3, Pressure Bulldup Curve
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TABLE 20

Productlon Hlstory for Sandy Lake No. 3

Dace Cas
Produced

(MCF)

Cumulat 1ve
Cás Prod,

(McF)

o11
Produced

(BBL)

Cumulatlve
O11 Prod,

(BBL)

Water
Produced

(BBL)

Cuuulat lve
Water Prod.

(BBL)

Pregsure
(psle)

t975
9lL- 9/ 30

10/ 1- r0/ 31
rL/L-LLI30
L2/ L-Lz/ 3L

36L2 . 1
?t80,1
2838.1
2606,7

3612.3
5343.0
8181.1

10787.8

274,L
112.9

7 4.6
100. 0

?74.t
387. 0
46L ,6
561. 6

599. 8
61. 40
46.7
32.8

599, 8
66L.2
757.9
790.l

115
115
t25
115

10787.8 561.6 190.7

L97 6
LIL- Ll3t
2/r- 2/2e
3lr- 31 3L
4lL- 4lL2

4/t2- 4130
slr 5lLl
518- s l3L
6/t- 6lL4

6l].4- 6130
7 /L- 7lr9

25L7 . 5
775.5

2932.4
668, 6

1378.8
to42.L
r 370. 1
L262.t
l0r 3. 4
1184. 3

13305 . 3
14080. 8
L7 013.2
17681.8
19060.6
20toz.7
2t47 2.4
227 34.9
237 48 .3
24932.6

5L.2
87.0

130.8
5?.O
35.1
54 ,3
31.0
28.0
35.0
49,

6r2,8
699. 8
830.6
882,6
9L7 .7
972.O

1003. 0
1031, 0
106ó. 0
1115 . 0

36. 6
98. 0
98.r
14.0
36,1
55. 0
23.O
18.0
16,0
r1.0

827 .3
925 ,3

1023.4
LO57 . 4
1093.5
1148.5
1171 . 5

1189.5
1205.5
1216 . 5

r15
155
t25
t25
1.2 5

125
130
125
140
180

I
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It was felt that these lwo wella r¡ere the mosE Promlalng for the stlnü-

latfon tests on the basls of thelr Posltlon and ProducElon hlstory'

For exauple, pressure bulldup tests conducted fn Sandy Lake No' 2

sugSest well danage exlsts and Ehe Potentlal for luprovlng thls !¡e11

was hl-gh, A1so, the permeablllty ln the area of these !'ells seeDs to

be better than near the other we118 Eesred and ls 1o the raflge

Ed.

Table 21 givea the characterlatLcs of these t¡¡o t¡e1ls and

22 shor¡s the couPletlon details.

*

/,

8tBr.ltI\.i,t tlt

'=SPCLThe following oPeratlons r¡ere conducted ln these velle:

1. Cleanlng and condltlonf.ng

2. Modifted Isochronal tests

3. Pressure bullduP tes tB

4. Iher¡¡al stfmulatlon

5. Blo\r back of afr and burned gases

6. Modlfted Isochronal Eeats afger stlEülallon'

7. Preseure butlduP áfEer sEloulatlon'

IsochronaL tests L,ere used to deEerrolne the requlrements for Ehe a1r

compressor Eo be used 1n the themal Etinulatlori of these r¿ells ' and

to provlde a corparlaon of the wellsr dellverablllty before and after

st1Eulat1on.

Thermal St lmulat lon

wlth Ehe well systetr properly deflned the exPerfmental theroal

stlDulatlon project was deslgned. The baslc idea of the treatn€nt was

to correcl or lmProve \¿e1l perfornánce by creating a hlgh temPerature

gradlent from the !¡e11 to the surroundlng forDatfon' This lncrease in

tenperature should accompll-sh severa¡' thlngs ln order to be a success-



TABLE 21

Characterfstlcs of Offset l,¡ells

Sandy Lake No, 2

2454

Tarter No. I
244t

Format lon
Sand Thlckness (502) - feet
Sand Thlckness (75U ) - feet
Average Poroslty - Z

Fracturlng Treatnent
Total Volume Water - bbls
Total Sand (20140) - lbs
Nltrogen - SCF

AcId spearhead - Cals.
Breakdovn Presaure - Psi
Average Flushlng Pressure - Psi
Average Injectlon Rate - Bbls/mln.
Instant Shut Down Pressure - Psl

P roduc t lon
Open Flow Before Frac. - MCF I day
Rock Pressure Before Frac. - PsIg
Open Flov After frac, - MCF/day
Rock Pressure After Frác. - Pslg
Initlal Dellvery Date - Ps18
Total Accum, Gas (August 1975) ' MMCF

Present Da{ly Ráte - MCF

Total Accumulatlve 01L - Bbls.

Rese rves
origlnal Projectlon, UMCF

Revlsed ProJectlon aa of August 1975, MHCP

EstlDate ReEalnlng, MMCF

32
L4

Ai
28
I

L21\
42300

149000
500

2000
2200

46.6
1100

527
14250

None
500

2600
2l-00

39.0
700

Shol¡
L325
5036
1370

r-r0-ó8
183

39
1830

Shot¡
1300
1365
1370

8-29-67
170

38
L227

500

100

385
370

0
lf1 P

B
{áo=
t- ?,.

l-I{
:



TABLE 22

Conpletlon of 0ffset l.¡ells

Sandy Lake No, 2

7 lnch surface caslng 555 KB, wt. 2011, 225 sks. of cement
41/2 tnch caslng @ 44L9 ft. wt. 11,6#, 150 sks. of cement
1/9 lnch tubiag @ 4292 ft,, ,rt. 2,1511
Total depth after coEpletton, 4415 ft,
Toral- deprh, 442.0 f.E.
cas at. 4303 - 4338 ft,
o11 at. 4328 ft.

Perforated No. Holes Perforated No, Holea

10 5

a

Bl8ll0ltt A tl[ '

ESPOL4303-4305
4 310-4 3tr
43L5-43L7

Tarter No. 1

/2 tnch casing G 4350
al depth, 4425

Perforated No. Iloles
433L-4332
4285-4286
4 30 5-4 315

3
')

3

432t-4124
4332-4334

437 6

4

3

1

4L
Tot

2
a

11

t
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ful treatment, The hlgh teDperature ln the well bore and In the

surrounding fracture aystem must remove lmobfJ-e hydrocarbon Eaterlala

that roay be plugglng the pores and fractures of the produclng zone.

Since the forEÁtlon lnvolved (Cltnton Sand8tone) ls knoLrn to be a very

tlght rock, sharp temperature gradlents and changes ln temperature

Eust cause therDal fractures, Slnce the forEatlon had already

hydraultcally fractured, only a soal1 increaae tn perueáblltty

be i )

/¡
pected becauae of che near-well, hlgh teEperature mlcro-fracturlng

the rock E^atrlx. Slnce the temperaturea developed were on the ord

o

B\Bt\['ltt'l 
t\i'

"'EsPG'
of 900'F-1200oI, peruanent dehydratfon of montEorlllonlce fs expected

to occur. In thls way wellbore dalnage 1n thÍs water senslllve foma-

tlon could be cor¡ected. The uater productlon ls aot slgnlfi.cant for

thls fornatlotr, but the high tenperaturea could help ln reuovlng re-

sldual oll and water from near the uellbore luprovtng ln thls nanner

Ehe perroeablllty to gas, Nsturally, these effects would be confined

to a sü411 radius (aeveral feet) around the r¡ellbore,

Actually, nost of the luproveroent ln r¡e1l perforuance should co[e

froro asphaltic and paraffln clean up. Thla clean up should occur not

only In the rrell bore but the fracturea and fon0atfon should be cleaned

up for a dlstance of several fee! around the well. The paraffln 8hou1d

be nelted and drlven back 1n solution by the hot gases. The effect-

lveness of the treatment was to be detemlned by pressure buildup and

lsochronal tests to be conducted before and after the therEel stinula-

tlon treatuent. The equlpEent used and procedure follot¡ed ls descrlbed

Ln Appendlx C.

Themal stlmulation of Easr Ohlo Gas, Sandy Lake No. 2 !,as lnit-

lated by TOR DevelopoenEa on Márch 26, L976, A dor¡rr-hole gae burner
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systen r.¡as utilized to heat the for atlon, The procedure was to lnject

Eethane wllh a sEall (f2 MCFD), hlgh pressure, Bas compressor dollfi the

tubing to a heat-shleld where the gaa eas nlxed wlth air that vas si¡tul-

Eaneously belng lnJected do¡rn the easlng. The locátion of the heat-

shLeld ls shoen ln Elgure 41, The perforated lnterval ls 4302 ft.

4335 fE. Hourly data taken durlng the Bas burner opera!1on was pl

fn Flgure 42 and shows alr rate, gas rate and the vell-head gas ln

to

l e

tlon pressure. The average theoretlcal tenperature of the burner cal,

lated from theae data ls also plotEed. Ignition was accomplished at

11:23 on March 26, 1976, after one run ulth the ignlter tool. Durlng

the five days of burner operatlon the air rate was maintaLned at 410

É[\01t[A t\i

E,SPOt

McfD (lnltlally) and lncreased to approxlmateLy 470 MCFD after Ehe ftrst

three days of operatlon. The gas lnjectlon rate was ó MCFD lnltlally and

Iras adjusted durfng the flve days of burner operatlon to malntaln an

air-gas ratio of 56. Sharp decreases ln the air raEe on ¡hrch 28, 29

and 30, r¡ere due to problene r¿1th the pllot valve unloading ánd throttllng

problems on Ehe air compreaaor. An attenpt to check burner operatfon on

March 29 produced ¡.¡nsatls fac tory resulEs and a seeond ignftlon run re-

sulted in the burner assembly stfcklng to the seat of the heat-shleld.

Attempts to free the burner resulted ln the tool falllng through the

heat-shteld snd the r.¡1re llne meltfng or oxidtzing wlth subsequent loss

of the ent.lre burner assembly. Thfs uas, hordever, a posltive lndicatlon

of burner operatlon in the deslred temperature range.

Another posltlve lndlcation of ignitlon vas an increase lri bottom

hole pressure. On Flgure 42, the 8as injectlon pressure 1s shown to

have lncreased from 595 psl at the begLnnlng of the lgnltlon to 1370

psl when burner operatlon was terminated.
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Total heát lnlecEed durlng the 120-hour burner oPeratlon l,as

:0.833 HUBTU. Total gas injectlon during burner oPeratfon l',as ?175.44

YCF r¡lth alr contfnulng to be tnjected for ánother 24 hours after terE-

inatlon of burner operatlon.

Therrnal stfEulaElon of East Ohlo Gás Tarter No. I vas inltiated on

Aprll 3, 1976, after relocatlon of the alr and gas compressors from

Saody Lake No' 2' The alr lnjecElon llne rras buried for a ahort dlstance

close to the coEpresaor skid Eo reduce the vlbratlons l-n the Pen nove-

Eenla on the recordlnB Eeter' A dual choke was also placed ln the 1lne

ro enable the bleedlng of alr at the coDPressor and the uálntainlng of

a hlgher pressure ln the line before the choke and Eeter run' Utlllztng

these choke valves and nalntalnlng a Preasure drop of aPProxlnátely 100

psl resulted ln further reductlon of pen fluctuatlons on the recordlng

¡eter.

The procedure of lgnltlon for therrdal atlmulaElon of this r¡el1 vas

ldentical to that for Sandy Lake No' 2. Tlle locatlon of the heat-shle1d

is sho\rn ln Flgure 43. Gas lnjecrlon to dlsPlace the tubirig Prlor Eo

ignltlon was lnltiated at LL:00 A'M. on Aprll 3' 1976. However ' a leak

in the gas compressor coolfng systen caused the gas lnjecEion to termi'n-

ate aE 4:00 P.M. for repafrs' The leak was repalred and the tublng Has

displaced wlth gas ou Aprll 4, f976- Ignltion procedures ¡¿ere starEed

on lhe I¡ornlng of April 5. A delay r¡ag caused !¡hen the burner assembly

!¡ou1d not clear the valve on the sell-head. The East 0h1o Gas valve vas

removed and replaced \rlth a 2-inch full opentng Sate valve furnlshed by

ToR. Ignltton was accomplished át 11:42 on Aprll 5, L976, after one run

\Jlth the lSnltor tool. Hourly data taken durlng the gas burner oPeratlon

are plotted ln Flgure 44, and show alr rate, 8as rale and the well-head
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gas lnjectlon preaaure. The avérage theoretlcal teryerature of the

burner calculated froxo these data Le also Plotted.

Durlng the first day of operatlon the alr ráte lras malntalned at

approxlmately 350 I,ÍCFD, On the morning of April 6, the air raEe uas

ralsed to approxlnately 6.4 MCFD aod lt was lncreased to 7.2 HCFD on

Apr1l 6.

AtteEpts to check burner operatlon on Aprfl 7 r¿ere unsatlsfactory

with Erro runs apparently noE seatlng ln the heat-shleld. A second

lgnLtlon run wás msde at 3:15 P.M.

Hechanlcal probleEs and freezlng lnstruuentatlon llnlted burner

operatfons to a feu hours on April 8, wlth a thlrd run of the lngltor

tool at 5:50 P.M.

On Apr1l 9, a catalytlc heater was placed on the gas lnstrr¡menta-

tion to prevent freezlog and the nechanlcal probleros L'lth Ehe gas com-

pressor were repafred. A fourth lgnlt.lon run was made at 5:47.

On April 10, the nipple on the air corpresaor dlscharge safety

rellef valve broke and both a1r and gas lnlectlon rrere halted' A sfxth

lgnltfon run was nade at 12:L0 P,M. At 1:50 P.M. a rúi l¡ás made wlth a

36-ineh tool contatning varlous pleces of tenPlesticks. The tool was

seated 1n the heat-shield for 15 mlnutea. One temPlestfck piece remalned

in the tool upon exaElnation. lt was assumed to be one rrith a 1200'F

meltlng polnt. At 7:50 P.M. there r¡as a mechanlcal fallure of the eng-

ine on the gas coEpressor, and lt was decided Eo temlnate the burner

operallon at that tLDe.

ifhen burning ln Sandy Láke No. 2 r¡as lermlnated, an analysts of the

gas exlsting the the wellbore was taken, most of the 8as was made up of

nltrogen <79.L52) and oxygen (20.14), r¡hlch was exPected slnce rlght
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after burnlng alr llas lnjected for 24 hours. Five days later, purgfng

of Sandy Lake No, 2 uas starte¿ Table 23 and Figure 45 shor¿ the change

ln coloposltlon wlth tlñe of the gas purged froE Sandy Lake No. 2. Íhe

saoples wlthdrar¡n show a very steady change from Elxtures very rlch in

nitrogen and oxygen to mlxtures rrtth hlgh content of Dethane and a r*

48 hours of flon the gas analyzed vas approaching the orlginal c
..-,i.:i })

tton of the gas before lgnltlon. l{hen rhe fre1l was crear of 
"ia.o8c.$ till ici i,

and orygen, testlng of Sandy Lake No, 2 started, E$"í']

Burnlng of Sandy Lake No. 2 occurred wlthout major coEpllcatfona.

Thls was not the case for Tarter No. I where Beveral problema caused

the terElnatlon of the stlmulatlon. Table 24 shous the data for the

analyels of the gas purged from Tarter No. 1.

Testlng of this r¿ell was not coEpleted and the evaluallon of lhe

results obtalned rras llnlted !o the observatlon of Sandy Lake No. 2.

A comparleon of the ¡{odlfled Isochronal Tests before and after thermál

stlmulatlon in Sandy Lake No. 2 1s presented ln Tables 25 and 26 and

Flgure 46.

Even though the Isochronal Test plot.ted does not shov any lmprove-

ment after Ehe stlBulatfon ft nust be polnted ouE that the stablllzed

polnt after stlEulatlon (.O98llIfEcD and 387125 p"lz¡rr.. read 48 hours

after flowlng. Ihe stsblllzed polnt before stlaulatlon (.148HMICDand

L64777.3) r¿aa taken only 18 hours of flor¡. In both cases the flor¡ rate

lras fluctuatlng whlch, unfortunately, makes the test lnterpretatfon open

to queation.

Table 27 and Flgure 47 and Table 28 and Flgure 48 shot¿ the Pressure

bulld-up data and plot before and after the stlmulation respectively.

Table 29 preaenta the calculatlon of permeability froD these tt,o curves,
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TABLE 23

Analysls of Gas Pu rged from Sandy Lake No. 2 After Ignft fon

T fuae

Oxygen Nltrogen Methane Ethane Propane0C
2

Date

3- 4-7 6
4- 5-16
4- 5-7 6
4-L9-7 6
4-L9-l6
4-L9-7 6
4-L9-76
4-20-7 6

4-20-l6
4-2t-7 6
4-22-7 6
4-22-16
4-23-7 6
4-21-7 6

4-24-7 6
4-24-7 6
4-26-7 6
4-26-7 6
4-27-7 6
4-27 -7 6

4-28-7 6

4-29-7 6
4-30-76
5- 3-7 6
5- 4-7 6
5- 5-7 6

5- 7-16
5-10-76
5-L2-7 6
5- L3-7 6
5-L4-7 6
5-18- 7 6

a 0.08
b L.77
c 20.7 4

7 .31
8. 10
8. 56
8.88
8, 94
9 .42
8. 90
8. 8r
8.79
8.50
8, 34
8.2L
8. 10
7.?9
7.06
6.32
6 ,4L
6.03
5. 16
4.7 7

3. 30
4. 18
3,31
2.59
l.7l
2..04
2.00
1.91
1.09

2.73
8. 38

19.L5
45. 60
48. 38
49 .68
50.27
51. 90
53. 21
53. 44
51. 57
50. 46
47 .94
48.35
47 .L5
46.32
53.s?
42.04
38. 89
39 .2L
36, 02
35.17
32.67
30. 39
30. 16
25.85
20.83
t9. 85
19. 69
16. 28
16. 94
13.98

89 ,12
82 ,66

0. 0ó
42.30
38. 95
37.19
36, 40
34.96
33.14
33.88

36 .47
39,19
38. 84
40.31
4L.22
45.13
45 .44
50.20
49.86
53,33
54. 88
58. 00
6L.7 5

61 . 01.

66 .03
72,?7
7 3.51
7 3,51
7 6,3L
7 6.17
78.88

1.53
L.44
1. 51
l. l6
1. l3
1. 31
r.23
1. 20
1.20
L. L2
l. 03
1.14
0. 82
o.7 7

0,71
0. 45
0.43
0. 20
0. 36
0.33
0.21
0. 12
0. 16
0.17
0 .22
0.13

0.51
0.59
0. 60
0. 63
0 .62
0 ,64
0.65
0. 68
0. 88
0.72
0,74
0.78
o.7?
0.81
0. 84
0. 83
0.86
0.70
0. 87
0. 82
0.93
0.7 7

1.12

0.0
0.0
0. 05
L,44
1. 50
1. 55

l-0: 05 a. o.
l:30 p.n.
2: 30 p.m.
3 r 30 p.m.
4:30 p.n,
9:15 a.tr,

4.90
0. 00
2.t2
2,O?
1. 93
1. 89
1, 81
L,71
1.60
1,93
L.92
2 .06
2.23
2.08
2.r5
2 .30
2.90
2 .54
2 .48
2.68
2,65
2.90
3. 10
3,06
3 .22
3. 13
1 .42
3. 48
3. 80
3 .52
4. 19

IT

t
I ugri?l t

iHtr"
9:00 a,u.

12:45 p.m.
10:00 a.m.

I:00 p,m.
9:30 a.m.
2:00 p.u,
9:30 a. o.
4:30 p. n,
9:00 a.E.
4:30 p. m.
9: 30 a.m.
4:30 p.u.
9:30 a,u.
6:45 a. u.
6r45 a. m.
6:45 a. m.
6:45 a.m.
6:45 a.n.
6:45 a.rn.
ó:45 a. m.

6:45 a. n.
9:00 a.n.
6:45 a.u.
9:15 a. m.

a

b

c

Co¡oposftfon before Ignit lon

ComposiElon in Tublng before Purglng

Couposltlon In Cáslng before Purging
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Ana 1y s

TASLE 24

ls of Gas Pursed frou Tarter No. l After Isnl t ion

Da te Tiltre

Oxygen

/"

Nitrogen Methane Ethane Propanecoz

NA
?. .35
0. 89

7 3.02
64 .45
70. 04
69.52
64.r0
54.0
51 .43
55. 75
65. 80
64.23
59.48
54.25
58. 36
66. 38
57 .42
50. 38
47.30
50. 10
43.0

NA
89. 96
93.86
8.41

18.48
LL.52
12.06
18. 89
31.10
z1 .o
28.78
t7 .27
L7.?8
25.06
3L.7 4
27 .59
16, ó4
27,57
35. 6l
38. 97
36. 38
44.27

NA
5 .3210: 00

10:30

aNA
b Trace
c Trace

L1 .L2
L4 .66
16. 33
16. 40
L4.33
11.50
L2. 56
L2.29
15,05
16. 89
L3,44
10. 76
11.28
15.26
L2.70
10. 60
10. 05
10. 36
8.53

40
55

NA

0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

4-L4-7 6
4-t4-7 6
4-20-7 6

4-?L-1 6
t -22-7 6
4-23-7 6
4-24-7 6
4-26-7 6
4-27-76
4-28-16
4-29-7 6
4-30-7 6

5- 3-7 6
5- 4- lb
5- 5-7 6
5- 7-7 6
5-10-76
5-L2-7 6
5-13- 7 ó
5-L4-7 6

5-18-76

a. fn.
a. D.
a.m.
e. m.

P.n.
g, E.
a.t¡.
a. n.
a. El.
a. lD.
a. m.
a. m.
a. m.
a.¡ll.
a. tll.
a, m.
a, ¡I¡.
a. m.
a. Itr.

a. Itr.

9:30
9:00
1:30
9:00

l0: 00
9:30
9:00
9:00
7:00
7:00
7:00
7 :00
7:00
7:00
7:00
7:00
9:30
7 :00
8:45

.0

.0

.54

.76

.85

.81

.87
,88
.78
.7 l.

.55

.34

.54

.04

.73

.77

3
0
I
0
0
I
I
I
I
0
0
I
1

I
0
1
1

2

I
2

0.
q.
dr

l2
.64
.4L
.56
.92
.83
.05
.76
.50
.85
.33
,93
.13
.88
.47

.42

.52

.61

.52
,42
.42
.48
.45
,43
.43

,53
.30
,25

,Q

.59

.50
,25
.36
.64
.70

.83

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

NA
I . 46--

Mfi8
o.f4



TABLE 25

Hodlfled lsochronal Test s Before and After St1mulatlon. Sándy Lake No. 2

BET'ORE AFTER

Well ls Tlme BHP FIow Teurp. Well Is
(pslg) Rate

},ICFD

lrl.H.
Press,

T lme t,ll.H.
Press.

BHP Flo'¡ Tenp
(psig) Rate oF

MCmsl
500.
500.
500.
500.
s00.
500.
500.
500.
500.
500.
500.
495 .
500.
500
490
480
470
470
460
500
500
490
470
450
380
345

) sl
Open

Shut in
0pen

Shut ln
Open

Shut in
Open

9
9

9

563.72 8

Open

Shut ln

Open

Shut ln

0pen

Shut fr
Open

10:00 a. ro.
10: 15
10r30
10:45
lI :00
11:00
11:15
l1:30
11 :45
12 :00
12 :00
12:15 p.n.
12:30
L2245
1:00
1:00
2 :00
2:00
?.L5
2:30
2t45
3 :00
3:00

10:00 a,trl.
10: 15
11 :00
12 :00
12:15

s79 5ó
635 56
536 56
519 56

325 56
310 56
310 56
1L7 56
310 56

163 64
133 59
183 58
183 58
183 58

631
53

460 53
390 55

55
300 56
96 56

120 56

10: 55 a. m,
11 :05
lI: 15

11: 50
1l:55

68 62
70 62
69 58
67 57
69 56
0.0

68,61
92.O 95

550.
350.
280.
200.
145.

ml)

566.17
566.t7

620
410
300
?55
200

485
535
s80
590
590
520
485
464
455

580
580

540
540
530

645
410
r90
190
170
170
170
170

420 ,

480.
520 .
5 30
5 30
450
420
400
390

11
I2
I
1

I
I
I
2

3
3
J
3
3
3

*9
9

l0
11

** 9

:55
:55
:05
:15
225

:55
:55

2.0
2.6
3,0
7.0

bU
57

56

:05
:15

:35
:55
:55
135 a
:50
:35
:35

260 .
218 .
300.
26L.
?66 .
26t .

5ZO
5ZO
500
470
470
460

566.50 91.32r

524.88
567 .O3
567.03

536.11

396.80

87
87
54
54
53
53
53
78
52

0
0
0
0
0
81

II]

mP

200. 0
2t-0. 0
208, 0
257 .0
148.0

52
53

:55
:55

fil
a

1
3to

2

:00
:00
:00

*This tirne corresponds to the next day I
**Stablltzed polnt, 18 hours later 3

These values are aver
This value r¡as read 2 dáyl 1a ter.

shut ln 6 dáys

580
350
130
130
1¿O-.-.--.l.l#¡)

+
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IA¡LE 26

Modifled lsochronal Tests Before and After Stlmulalion,
Sandy Lake No. 2, Plotted values

Average
Flow Rate

a
MMSCF/D

0. 0686
0.09132
0.2618
0.2100

.o,1480

P

Psi

P
q

Psi

Average
Flo!¿ Rate

a
MMS CF / I)

AFTER

1

BET'ORE

P2
epz -pZe .q

Ps1¿

2+
P

e
Psi

Pq
Psi

P

P

566.L7
566. 5

567.03
567 .65
567 .65

. 519

. 310

.183

.096

620
490
580
645
645

200
455
530
170
170

566.17 0.0
563,72 3L42.OL
524.88 46024 . O

5 36. rr 348L2.6
396.8 L64777.3

t4444
r41qfl§ub, Ii:A IIC '
s500&<P O 1-

387.'125
387.t25

SG:
Depth:

Pc:

0.6
442.0 feet
360'r
670 ps ia

*stab111zed polnt, after 18 hrs.
**polnt read after 18 hrs.
'stabillzed polnt after 48 hrs.
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SANDY LAXE No.2

MOOIFIEO ISOCHROI{AL TESTS
BEFORE AI{D AFTEF STIMTI-ATIO{

LO

ütit
$1

!l-

I
5q.

It
,ot

. oot
I 0 loooto r00

FLOü RATE YCF/DAY

Figure 46. Comparlson of Modlfied Isochronal Tests,Before and

After S rlEulatlon
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TABLE 27

Sandy Lake No. 2 Pressure Bulld-up Data. Before Stlnulatl-on

t-
h

aav8

10: 00
12: 30

= 17,5 hours

= 200 MCFD

Tl.ne l{h. Pressure
PS IG

Wh, Tenperature.F
54
57
6Z
69
69
68
61
65
75
79
65
60
96
85
65
59

SBHP

PSIGhour
0
2.5
3
4
5
8

I
?
3
6

L2
6

00
00
00
00
00
00
00
00

12:00
6: 00

340
345
375
175
390
400
419
425
439
440
450
459
465
470
470
479

39L.14
396. 55
407 . 41
429.26
445 ,9t
457.07
478.75
484, 86
500. 00
500. 87
4t2.87
423,24
4?7 ,6L
533.83
535. 15
545 .62

'()
:00
:00
:00
:00

6
r0l
l r¿,

q
3

2

I
1
t
1
1

1
I
1

I

li A fltl
f¡Pot-
.19,(
.88
.67
.55
.46
.40
.35
.31
.28
.26

6:
12z

6z
12z
6:

14
20
26
32
J"
44
50
56
62
68
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TAsLE 28

Sandy Lake No, 2, Pressure Butld-up Data. After StLnulatlon

r.h = 68.6

= ?31 .25 Mem
avga

Tlme
(hours)

Hh. Pressure
(PSIG)

l.¡t, Temperature E+^t
('F) At

SBHP
(PS IG )

9:00 a.n, 0. 00
o.25
0, 50
0.7 5
1.00
r.25
1. 50
L.7 5
2 .00
L. Z)
2. 50
L. t )
3. 00
4, 00
8. 00

12.00
16, 00
20.00
24.0O
28. 00
32,00
36. 00
40. 00
44. 00
48. 00
52. 00
56. 00
60.00
64. 00
68, 00
72.O0

340. 0
360. 0
400. 0
410.0
420 ,0
430.0
440. O

445.0
450.0
455.0
457 .O
458.0
460.0
480.0
500. 0
505. 0
s10, 0
520.0
525.0
530. 0
540. 0
540.0
540.0
540.0
550,0
560,0
560.0
560.0
560.0
570.0
580. 0

375.0
400. 0
445.O
455.0
465. 0
47 5.O
485.0
490.0
500. 0
510, 0
512 .0
513. 0
515 .0
535.0
555. 0
560. 0
565.0
575.0
580.0
585.0
595, 0
595 .0
595.0
595 ,0
605. 0
615. 0
615. 0
615. 0
615.0
625,O
635.0

54.0
57.0
6Z.O
69.0
69.0
68.0
67,0
65. 0
75.0
79.0
80. 0
80. 0
85.0
85. 0
80. 0
70.0
60. 0
60. 0
65.0
70.0
70.0
75.0
70. 0
65. 0
65. 0
65. 0
70.0
60. 0
55.0
60,0
65.0

275,0
138

9?
67
56
47
40
35
31
28
26
24
18

9

6

5

4
3
3
3

2
,
,

2
2

2

2

?
T

.0

.0

.0

.0

.0

.0

.U

.0

.0

.U

.0

.0

.6
,7
,3
.4
.ó
.4
.1
.9
.7
.6
.4
.3

1

.14

.07
n
o
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TA3Ln 29

Sandy Lake No. 2, Calculatlon of K (md)

K 162 .6 s
mh

Productlon,

StabLllzed

feet
given by :

125

8rBÜ0lt[[ t\[l

ESPOL

q p B
cg

u

o'g
m

h

B
c

Cás vlscosfty , cp

= Stabillzed Dally Gas

= Slope of the Buildup

= Formation thlckness,

= Cas formatfon Fac tor

bb1/day

Curve, Ps{/cycle

u = 0.028?s -#-g

whe re

Before S t imulat fon

After Stlmulatlon

Before S t lmulatlon

After Stimulatlon

Before Stlmulatlon
After Stlmulation

= Compresslblllty Fac t or

= Temperature , oR

= Pressure, psi

q

Z

T

P

s.c. T P T PP
c c c r

:26360.0
.(21373.2)'17098.0

0.6

0.63

360. 670.538.

367 . 670. 565.

B¡l

567 , 1.50

640, r .53

mhP 7r c z
0.84

0.95

K

0.92

o,92

i16

80

40.

40

0.0?47

0 .q23C)

0. 0l 34

0.0134

0.305

(0.334 7l ) /o.?677 6
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BEFORE STIUULATION
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the values obtalned are approxloately equal wlth a sllght ftnprovement

after s Eloula!Ion.

The pressure buildup curves before and after stlmulation sho!¡

essentially the saDe average formatlon perneablllty ¡¡hlch fs to be ex-

pected. Thfs ts the perneablllty our auay fron the lrellbore.

hoped that. a change ln the after flol¿ portion of Ehe curves wo

the effecl of Ehe stinulaElon. This !¡as not readily apparent.

oEher lndlcations had to be used.

It can be seen that after che stlmulatlon, the ¡¿ell bu1Lds up pres-

sure fasEer than before the therltral stloulatlon which indicat.es a cleaned

up wellbore and fracture systeD. Thls lncrease n¡as observed ln aII the

polnts of the tests, Flgure 49 shows the lncrease ln pressure recovery

response after stlmulatlon as compared to the response before stlmulatlon.

A McKlnley (19) type curve analysls r¿as oade for the data from the

bulld up curves before and after stlEulatlon froE thls study. It can be

seen that there was nearly a four-fold lncrease in the wellbore trans-

mlsslblllty as reported ln Figure 50 and Table 30. Thls lmprovement 1s

the best evldence tha! the wellbore and fracture systen was partially

cleaned up by the theroal stiDulatlon nethod, In Table 31, average

values for the product.lon data before stlmulatlon (36 MCF/D) as compared

to productlon data after the Btfrulatlon (average of 57 MCF/D for the

flrst Eonth) shor¿ that the theñoal stinulatlon of Sandy Lake No. 2 had

soue degree of success, Unfortunately, because of the extremely low

perneabillty of the Cllnton sand ln thls area (under I md) and because

of the 10!¡ pressure of the forEatlon, the results obtalned are no! ae

good as was expected at Ehe start. The productivfty lncrease does not

see¡[ Co be permanent.

,rmi\
urd [ih{fuE-il );j

\.\:il</ryi
Truo\<¡* rÉ

slB[0ltmflt
ESPOT



128

TABLE 30

Data for the McKlnl Type Curve Analysis

AFTER STIMTILATION BEFORE STIMULATION

¡r
mfn

Ap Ar
mln.

Ar
uln .

AE
mln.

Ap
psipsl

Ap
psl

Ap
psi

0
15
30
45
60
75
90

r05
120

0.
25.
70.
80.
90.

100.
110.
rl5 .

L25 .

135
150
165
180
240
480
720
960

r35.
137.
138.
140.
160.
180.
185.
r90.

0
l5
30
45
t,U
75
90

r05
r20

0.

10.
15.
20.

30.

40.

135
150
165
180
345
460
580
700
820
940

46.
48.
50.
50.
60.
65.
70.
79.
80.
82,

Dat a

u = .013 ep
h = 40 fee t

r lÉ
AP

APF/q
q
F
J
K

100.
10.

1.

3000. 0
10, 0

1. 5-2
455.

.6825
2041 .

.6653

683.
6.83

6830.

455.
5 .46

546,
.L77 5

0
0
2 x 10-1

1000.0
t0. 0
10- I
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TA3LE 31

Productl.on Data for Sandy Lake No. 2

Average Productlon Before Burnlng

OIL

3.3 BPtrI

Í.IATER GAS

1.5 BPw 36 MCF/D

After Burning (on llne 6/8/76)

a

t

GAS PRODUCTION

6/8 - 6/t2 75 MCF/D
6/L5 - 6122 47 MCF/D
6/22 - 6129 58 MCF/D
6/29 - 24 hours test 47 tlcE lD

AIERAGE WATER AND OIL PRODUCTION

011
Water

tlB'.l0litAili
ESPOT

PW

PW

2.7 R

6, B



r 30

t

tooo

loo

to

Bt\t1itt t\l

E.SPO!.

IA
tJF
Dz
=J

to
AA PSI

Figure 50' McKlnley TyPe Curve Analysis

too
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VII. SUMMARY AND CONCLUSIONS

The reduction 1n permeability 1n several sandstones because of

paraffin deposltlon was studied. Laboratory exPerlments eere conducted

ln order to evaluate the effect of solvent lnjectlon, ultrasonic

and thermal stlmulation in dlssolving the paraffln deposlls and
)¡ l¡l

¿ ií:

of these methods, ther,al atl.ulatlon !,as Judsed to be the t!ü¿'§iTI
attractlve for a fleLd 6lzed experlñent.

tng the exlstlng perneablllty 1n the dffferent sandstones studfed.

A systen of three ve11s r¡as selected frou a gas field ln the Cllnton

Sand of Easteru ohlo for conducting the fleld experlDent.

Tlro of the8e r¡ells v¡ere thernally stltrulated usf.ng a down hole gas

burner, the other well rraa used as a control r¡el1 and to characterlze

the Cllnton Sand ln thts area. WfEhln the framework of the Present

study, the ptlncipal conclusions of thls lnvestfgation are sumarlzed

as follor¿s.

Laboratory Experlñerits

For all- the caaes studled, lhe change ln cloud Point teEper-

ature was ln dlrect proporElon Eo the Paraffln concentratlon,

the relaElon r¡ae found to be llnear,

Even though some of Ehe solvents trled gave large luProvenents

tn perneabillty by dlssolvfng the paraffln plugglng' the

volumes requlred Eade Ehese flulds lmpractlcal for fleld trlals.

Ul"trásonic Energy successfulLy released the Paraffln plugglng

for all the cases studled, CavLtation and lncrease In temPer-

ature rrere the prlnclpal factors of permeabllity increase ln

the plugged cores.

I

2

3



4. ln the presence of lrater,and under the áctlon of ultrasontc

t32

the sands tone.energy,oil- can form a very stable emulslon withln

5. ltre excesslve productlon of heat around the probe

ultrasonlc energy ls á serlous llnilation to the

field slzed tooLs.

6. Thermal stimulation of rocks appears to be the no

generatlng

use of larqll, !»\
/..1*a\a\
tl( 53{ l;:
\r\§j/¿ll,;

s t at t ractxtqi-Cl .

I

?

')

way to lmprove permeability in damaged cores, This f rnprove-g1$t$1t[[ Il[

rnent is due to the melting of the paraffln deposlts 
^rra 

ao atfeSPO!

fracturinB of the reservoir rock, as well as to the pern¿rnent

dehydraEi.on of the clays present ln water sensltive rocks.

El€Ld Experr nent

Gas v¡el-ls can be succesfuJ-Iy stlnulated uslng a do!¡n hole

b urner.

The lncrease ln wellbore lransnlss lbl lf ty , even though not as

large as expectedrls a good indlcatlon of !rel1 stlmulation.

The therxral sEimulatlon described 1s a near wellbore stlmula-

tlon. Fron the analysls of Ehe pressure buildup tests and lso-

chronal tests conducted before and after the stlmulation lt

ca be said that the rock matrlx dld not exhlblt any degree

of perneablllty l[provernent.

No further paraffln plugglng 1s to be expected ln the sel1s

after thermal s timulát1on , s lnce large drops in temperature

and pressure whlch orlglnally caused the paraffln to precl-

p i tat.e no longer exisE.

llnexpected probleEs encormtered fn back-flowlng lhe products

of combustlon and alr fron the well lndlcate tha! smaller,nDre

controlled stlnulatlon should be studied.

4

5



6 The equlpEent used ln the sfiEulatton for gas lnjectlon vaa

not rellable. other burner systeDs should be lnvestlgated,

133
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packeC ln plastlc bags and boxes and shlpped to Oil Fleld

Research ln Waldo, Ohlo for r¿hole core analysls.

(111) Core Analysls

A. Each sa¡aple was analysed for poroslty, absolute perneablllty

(vertlcal, horlzontal, and horizontal 90') and oil and ya¡er

saturatlons.

B. Core Lab's maln office ln Eva¡svllle, Indlana détermlned the

relaElve perneabillty and caplllary pressure relatfonshipa

betlreen Ehe gas, o11 and water aaturatlons of special core

samples,

C. InEeroedlate sectlons of core r¡ere reserved for use ln lab

studlés at The Pemsylvanla SEate Unl.verslty,

(1v) Logglng

A. When total depth was reached Ehe wellbore uas conditloned and

the followlng electric logs nere run by Schlumberger: Gama

Ray - denslty - callper (prlnary log 0-TD), slde waII neutron,

sonlc, anpllture sonlc, dual lnductlon laterolog, and syner-

getlc coEputer processed lnterpretatlon.

B, To help detendne rock propertles a 3-D sonlc 1og rdas run by

Blrdr¿e11.

C. Blrdr¡ellrs 3-D sonic 1og was also used to deterñlne ceoent

bondlng before and efEer fracluring and !o obtalo rock proper-

ties across open hole sectfon áf t.er fráctur1ng.

D. A radtoactive tracer log r¿as run after fracturlng by Blrdwell

Eo record radloactive materlal lnjected durlng thermal treat-

Eent for deEernlnlng fluld dlsplacenent.
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t A fresh water slurry ulth addttlves of Barafloc and l1ne v¡as

used as a drl1llng flutd to the corlng polnt.

Prfor to reachÍng the corlng polnt a lor¿ fluld loss salt base

mud posseeslng the follor¡lng constituents and propertles l¿as

added to the drtlling fluid:

Mud Consrltuents: Zeogel, Auper vls bestos, Dextrld, caustlc

soda and Q-Broxin.

Mud Properties: Welght 10,0 1 16/gaf; vlscoslty 32-34 sc.

water loss 1-5 cc.

K. hfhen the corfng polnt was reached, the conditionof the dr

J

)1..¡¡r..

j ll j n1l

mud was checked. The well bore was then cfrculated

the rrell 1n preparatfon for corlng.

to congffiffi$fl fll
ESFOl

L, AII drl1llng muds and fleld englneerlng !¡as supplled by Barold.

M. A Barold gae deEeeEor Has put fnto operation from the base of

the surface casing to the total depEh.

( il) CorlnS

A. Coring Lras perforned by Chrlstensen and core orientátion by

EasEman.

B. The well was cored with a ful1 gauge 7 7/8 lnch dlanond core blt.

C. CorfnS began at. a point above the CliÉton Sand as determLned

from sanple evaluatlon.

D. A four-lnch orlented core l^,as Laken of the entlre Cllnton Sand

sectlon uhich represented a 120-foot sectlon cornprlsed of sllt-

sEones, sandstones and shales of Ehe Thorold (Stray CLlnton) and

sandstones and shales of the Grlmsby (red and whlte Clinton).

E. The recovered core was vlsually lnspected and descrlbed by the

exploratlon and development geologlst. The complete core r.¡as



The purpose of this appendlx ls to gtve the control well speclfl-

catlons as well as the proceduree followed in the testlng of the well

system.

Control [.ie11 Speclf lcatlons

(1) Drllllng

A. The sell was drllled wlch flutd type rotary drllllng rig.

B. ApproxlEarely 100 fr, of LL 314 lnch 0D conductor plpe wa

cemented ln place.

C. An Il-1nch surface hole vas drtlled wlth aquagel (Bentoni te

srurry wirh addtrlves of soda ash and Ben-Ex- Sl8tl0'lttA il['
!i§Po1

D. Approxlnately 550 feet of. I 5/8 lnch oD surface caslng, K-55'

24 pounds per foot, a,aa run and ceuented on the surface !¡1th

approximately 250 sacks of Class A Surface Pozmlx with tuo

percent calcfi¡m chlorlde.

E. A 7 718 lnch hole uas drllled out froo under the surface casfng

to the corlng polnt selected by exploratlon and drlllfng geolo-

glsts,

F. When corlng !¡as conpleted a7 718 lnch hole waa drllled aPProx-

lnately fffty feeE below the CIlnEon Sand lnto but not through

the l,rhlrlpool Sandstone to create sufflclent hole for logging

and setting of formatlon debris and frac sand.

G. Formatlon samples were caught at ten (10) foot intervals froo

the baae of Ehe conductor pfPe to the base of the Big Llme to

the coring polnt,

H. A double screen shale shaker r.ras used to help keeP cuttings frou

being clrculated \rlth the drllling fluld. Steel rEud tankg were

also used.

S
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E. A bottoo hole teryerature $as taken by both Schluoberger and

Birdvell, during the 1n1t1¡1 loggiDg.

(v) Completlon

A. Ner¡ A?I 4 1/2 lnch oD, K-55, 10 1/2 pound Per foot caslng vas

run and set on a Halllbruton fuIl-fLor¿ packer shoe' Ca8lng

centrallzers were rru¡ on every thtrd Jolnt of the 41/2 lnch

caslng to the toP of Blg Llne foroatlon.

B. The packer r¡aa aettled above ehe Cl"lnton Sand ¿E a Pofot det

mLned fron 1og evaluatlon. i:uq)
C Clrculatlon !¡ás establlshed betseen tbe 4 Ll2 lnch ca§ing an{lBLlllltilA tlt'

ESPO'
the vellbore Prlor to ceoentlnS.

D. T]ne 4 l/Z lnch caelng was ceoented by ltalllburton r,lth apProxl-

uately 275 eacks (equlval'ent to 1,000 feet of ft11 up) of clase

A ceñ€nt.

E. Durlng the final 8táge of ceDentlng the hterval comPonenta of

the packer §ere dlacharged ou! Ehe bott-olD of the thoe' In the

open hole belov the Cllnton sand, thus no plugc. valves or

seats reEál.n ln the caelng to be drllled out'

F. After the itrilltng contractor rooved off Ehe locatlon' a four-

lnch Sate valve r¡ag installed on the i¡ell'

G. An East 0h1o servl'ce uachine r¡aa PoaLtLoned over the vell to

s\rab and ball the r¡ell in PreParatlon for testlng'

(vi) Well Head and Productlon EqulPment

A. A sEándard East Ohlo r¿ell head and Productlon equlPment was

lnBtalled Prlor to testlng procedures'

B. Flow rates were determlned by ortflce measurenent equlpoent

conslstlng of a four-lnch ortftce rrm and án ADerlcan Hercury

¡leter.

/i *
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lle11 Test Procedures

After the rJeI1 was cleaned up lt uas shut ln to coDPlete con-

structloo of Ehe erell head and Productlon faclllties.

During the shut-ln perlod after the well head was ln6tal1ed,

Ehe botton hole reservolr Pressure and the Preaaure on the

¡¡ell head were recorded.

The well waa ahut ln long enough to reach a etable, bullt

conditloo.

Wten che stable pressure conditlon vas reached, Ehe well w

turned into the line. BIB[101i[Aii[

ESPOI
It rráB florded at varloue ratea for several days to flnd a rate

thát could be sustalned whlle keeping the well cleár of flulds.

The serles of teats proceded as follouel

(1) The well was ahut 1n long enough Eo reach a stable

bullt-up conditlon.

(11) (1 day) Isochronal tests uere Etarted to deterElne the

slope of the back presaure curve' The r¡e1l uas run at

three dtfferent ratea for florr Perlods of L hour, alter-

natlng rrlth one hour shut Ln Perlods between rates. The

r¿ell was shut ln untfl next day'

(frt) (5 days) A pressure dra¡rdovn teat l¡es started for dra!¡-

down analysia arid stablllzed polnt of back pressure test.

(1v) (10-14 days) A presaure bulldup test was begun. l'Iell was

shut in. Dead u¡elght test !¡as recorded every 10 mi.nutes

for the flrst two hours.

(v) l{hen the natural testing was coDpleted' the well rdeg gtlE-

uláted and the above testlng procedures sere rePeated.

B

E

F

C

D
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Iarho le Core Analysls

Table 32 and Flgures 51 to 54 3ho!¡ an esElmáted fonoátlon toP

prognosis Eo afd ln Plcklng the corln8 Polnt for the Cllnton foruatlon

ln the Sandy Lake No' 3 teat well. The cllnton forEatlon was dLaoond

córed ln the inEerval 4225.0-434L.0 feet, The core dlaueter was four

lnches, and the equlPDent cut an orLented core rrlth scrlbe rnarks a1'ong

ita clrcuoference 1n a vertlcal dlrectlon. The lnterval 4275-4336'9

feet was satDpled and analyzed by 011 Fleld Research Inc.

Table 33 presents the results of the core analys1s. The analy

secrlons nay be dlvLded ln tvo parts based upon dlfference ln saturatlffP.ilii itl

values. The lover Portlon of Ehe sectlo a, 4276.6-4339.9 feet "ot""l"#SP0'
21 .g feer of o11 bearfng sandstone. The average of the parameters tested

ls presenEed ln Table 34.

IE was not poa8lble to utilize r¡hole core technlques to deterDine

the horlzontal or vertical permeablllty. These tests r'rere conducted by

cuttlng 3/4 lnch dlaoeter plugs fron Ehe saDPle rePresented. The reason

for thls change fn techntque r¡as the scrlbe marks of the orlented core

r¡ere cut too deeply into the core for the technlcián ro seal the oark

from alr Eovenent. Although lt máy be concluded the permeablllty data

l-s less thán deslrable' lt ls suSSested that the plug permeabllltles

are representative of the matrlx rock and any addtttonal permeablllty

ls avallable only ln vertlcal fracEures' Joints, or bedding planes, all

of whleh rDay or ulay not be of llm1ted lnfluence on the Perforoance of

the reservoir. Table 35 glves á descrlption of the forDatlon cored

and Table 36 shows the interval whfch presented hydrocarbons.

*

+
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TA3LE 32

Cltnton Reservolr Stud - Control Llellv

EOG - SANDY LAKE IAND CO. COMM. lt3
Lot 44, Rootstoen TLP., Portage Co.
GL(Top) = 1100' Est. KB = 1100'

SubseaFortratfon

Berea
Blg Line
0rlskany
Selt
Lockport
Nelrburg
Top Packer She11
Base Packer Shell
Red Cltnton
White Cllnton
Base lfhile Cllnton
whlrlpool Ss
T. D.

EstlnaEed Depth

+ 780
-L260
-1540
-1920
-2680
-2730
-3050
- 3105
-3L45
-3205
-3235
-3285
-3280

330'
237 0'
26501
3030 r

3790 r

3840 r

4160'
42L5'
4255'
4315'
43451
4395'
4390 ¡

trlBl.l0'[tCA tii
r§FCrr

EsElmare atart coring 5-10t below base packer shell and core
approxinately 130' to below ba§e whlte Cllnton.

ffi
tí\;.ri r -,1,1 /j
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A fest We 1l Locat ion
Base Packer Shell Struc ture
Portage Co. Area
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A Test Well LocatÍon After: J. R. Sutter
Portage County Areá
Clinton Reservoir Studv Observation I'lell

:1. iil

7o

oJ
l¿J

tr

=(Ed¡

SANDY LAKE
o ltz

TARTER
do o#t

2t'28'

o
36 o

45'
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tll
A 4?-\"

z.

=oj-
aFoo
tv.

i6
42'

o o
43'o

38

36

o
46' "o

4o

Figure 52, lsopach Base PSH Top Red Cl inton Sandstone
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l Test h]elI Locat ion
Portage County Area

After:
Scale:

.1 . R
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Figure 53. Isopach Base PSll - Base Red Clinton sandstone
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A Test hlel I l,ocation
I'o r t age County Area

After:
ScaIe:

.1 . R. Sutter
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Figrrre 54. Isopach Base PSH - Base l.rhite Clinron sandstone
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TABLE 33

Core Analysls for Sandy Lake No. 3

Depth Feet
Permeablll Ey

Ilorlzontal Vert lcal

Resldual Llquld Sáturatlon
Pore Space

011 l,Iater
PorosJ.ty

4247.5-49.0
-50.3
5r. 6
52.5
53.8
54.9
56.2
57.2
58.4
60. 0
6L. 4
62.9
64.3
6s. 5
66. 9
68.0
69.3
70.7
7L.4
? 2.6
73.9
7 5.3
7 6.6
78.0
79.5
81, 0
82. 1
83.3
84. 0
85. 5

4290,9-92.O
93. 0
94.5
96. 0
98. 0

43?5.0-26.8
28.9
29,2
30. 9
32 ,2
33.6
35. 5
36. 5
36. 9

ffit$.crttrssot

< 0.1

1,5
< 0.r

1,4
<0.1

18.0
<0.1

1.5
<0.1

0 1 45.9
67.9
52.0

5.6
4.5

5,1
5.4
4.5
8.ó

r3.0
4.1
1.8
0.0
3,8

10, 3
5.ó
5.1
6.7

10,0
r6. 6

6.4
7.0
6.2
6.1
6.ó
6.6
6.8
6.0
7.6
5.9
5.3
ó.0
6.9
5.7

7.L
7.L
7,L
3.5
8.?
6.6

7.8
6.8
6.1
5.8
7.6
7.0
7.1
6.6
7.0
8.0
5.2
7.L
7 .2
7.7
1.8
7.L
6.7
6.9
6.2
6.3
6.6
6.5

50

/!
í>

94
<0.1

48. 6
50.6
67.6
35.5
35. 3

36.9
97 .l
4L.6
5r.0
53.5
40.9
40. 0
43 .4
58. 6
36.7
34. 6
39.4
38. 0
45.5
43.6
71.0
38 .2
37 .9
28 .4
76 .7
30. 6
28,0
32.1

37.1
32 .8
32. L

1.8
<0.1

t2.3
1.6
o7

20,6
16.1
10,3
r6.3
L7.6
L4.9
13. 3
17 .3
19. 2

10.3
16 .8
15.4
13. 3

r5.3
15. 3

t2.6
r9. 3

14,4
L4.2
16. 4
18. I



Fornátlon Depth, Feet

TASLE 34

Feet Core Bulk Wet
Analyzed Density

151

Avg. Liquid Sat.,Z
Oll l"Iáter

Avg.
Por .

Clinton 4241 .5-427 6,6

4276.6-4336.9

29.t'
27 .gl

2.51 6.5 7.0

15.46

{

slBtli)ItlA tlt
q:qpÚ!

Core SumarY
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4236.O
4238.O
4239.0
4242,5
4244 . 5
4245. O

4238.0
4239.0
4242 .5
4244.0
4245. O

4249 ,0

CLINTON
t+225, O - 4236.0

4249,0 - 4258,5

4258.4 - 426L.4

4?6L,4 - 4264.3

4264,3 - 4266.9
4266.9 - 4270.7
4270.7 - 427r.4
427L.4 - 427 9 .5

4279.5 - 428T.0

4281. 0 - 4285. 5

Sandstone, Sray to !¡hite, very dense, occaslonal thfn
shale laElnatlons.
SandsEone. red, heantitlc, very shaly.
Sandstone, g,ray to whlte' dense' vertlcal fracture.
Sandstone, red, si-1ty, shalY.
Sandatone, red staining, very dense.
Sandstone, very shaly ' gray.
Sandstone, gray to whire, denae, shale laulnat
4248-48. 4 .
Sandstone, sltghE red stal'nlng' fine grained'
thin carbonaceoug lenses.

*

4285.5 - 4290,9
4290.9 - 4293.0
4293.0 - 4295.0
4295.0 - 4298.0

4298.0 -
4306.0 -
4312.0 -
4319.0 -
4325.0 -

4306.0
43L2,O
43r9. 0
4325. O

4329 . O

nune oús
BlBU0lttA hu

Sandstone, whtte to gray, flne grained, thtn shalÉq,Pot
lamlnatlons, vertfcal fracture 4261,4-62-0 feet.
Sandstone, \rhlte, slfght red staln, occaglonal thln
carbonaceous lenses.
Sandstone, ehite, nunerous thln shale laoinatlons.
Sandstone, rrhlte to gray, flne gralned.
Shale wtEh sandstone lámlnatlons.
Sandstone, flne gralned, \rhlie to gray' nuserous thln
carbonaceous Ienseg.
Sandstone, ffne gralned, whlte to 8ray, very shal-y'
4273.9-79,O feet vertlcal fracture' nostly hafrllne
rrell healed, ptnk calclte and aandstone gralns'
Sandstone, flne Sralned, white to gráy' thln carbon-
aceous lenses.
Shale.
Sandstone, whlte to gray, fine gralned, very clean.
Sandstone, whlte to gray, flne grafned' very shaly.
Sandstoner ehlte to gray, flne Sralned, very clean,
vertlcal fracture 4296-97 feet.
Shale
Shale, sandstone lamlnatlons.
Sandstone, greentsh-gray, very shaly,
SandsEone, greenlsh-gray, nr¡merous shale laminatlons'
Sandstone' greenlsh-gray, fine gralned, occaslonal
shale laulnat ions ' shale very arglllaceous' vertlcal
fracture 4325-27 feet.
Sandstone, greenlsh-gray' flne gralned, nuuerous shale
laEinat ions, very arglllaceous' vertlcal fracture
4333-34 feet.
Sha1e, black, vertlcal fracture '

4329.0 - 4338.2.

4338.2 - 434L.9

TASIE 35

Descrlption of the Forna!lon Coled

Deplh Interval(ft) Deserfpt fon
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TABLE 36

Hydrocarbon Ana lysls of Format fon Cored

SaBpIe Interval

4250 - 4258

4258 - 4262,5

4262.5 - 4263

4268 - 4277

- 4277 -5

4277.5 - 4?80

4294.4 - 4295

4296 - 4297.7

4301

4316.6 -
4322.3 *

Bleedlng gas and oil along vertlcal hatr lfne f r;19¡-u1es

2-3 lnches long and along small horlzontal sUaff>]\\
bedding planes. I:/ .,. -=:"jt.l.

' ,' .,., - ..,i l ,

Hard t1ghl, no shot¿g. t. 
I,.:,i I

Very good shor¿ of gas and oll, Iarge vertlcallffi$lfP
fron 4275-527 6.5 (unable to remove sauple troE.rel§h,.
sample for fear of destorytng sample for core initf-y§ Ib ) '

Near top of Red Cllnton, no show of gas or o1l'

SllghE bleeding of gas and o11.

Sllght show of gae and ol1.

Good bleedlng of ofl and gas frou horlzontal beddlng
and permeablllty

As above.

Good bleeding of oll and gas frol0 shale Partlngs'

Grádlatlon aectlona no sho!,s.

S118ht bleedlng of gas, trace of oil.
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Special Core Ana lvs ls Study

Core plugs, I lnch ln diameter' were drflled froo the two full

dlaneter well cores subnltted for uge ln chis study. Each core Plug

was extracEed of hydrocarbons Lrlth Toluene, Ieached of salt lrith úethyl

alcohol, and then drled. Alr permeabllltles and Boyle's law poroslties

were deterElned on the cleaned and dried core plugs. Each core plug

r¿as evacuated and saturated wLth water cootalnÍng 50'000 ppm sodltm

chlorlde.

The follovlng studles rlere conducted by Core Lab:

Captllary presaure Eests

warer perneabultv llriltlüIi [A tll
<,qfr{:,, 1

Relatlve Permeablllty tests

tIlth the exceptlon of a flnal hlgh-speed centrÍfuge Polnt' a porous-

plate ceII and a¡ air-brlne §ysteE were used ln perforrolng the caPlllary

preaaure Eesta. Because of the IoL, PerDeabllltles and porsltles of the

sauple teeted' desaturatlon r¿as nlnlmal except at the hlgher Preasures.

Capillary Pressure Tests

The prlmary use of these data 18 to relate !¡ater saturatlon to

pen0eability or poroalty ánd helSht above an oll-water contact ln the

reservolr. Thls lnformation Ls subsequently uaed to calculate hydro-

carbon ln place, Other technlques used to arrlve ai thls lnfoñoatlon

are use of oll-base core uater saiuratlons and calcualtlon of water

saturatlons fron electrlc loBs. Of these three, caplllary pressure and

o11 base core are consldered the standard by r0osE reservolr engineers'

The hlgh cost of corlng trlth oIl-base mud makes caplllary pres-

sure tests the most practlcal and relfable technique for deternlnlng

uater gaturat lon.

ffi
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converslon of capl1lary pressure data to helght requlres knowledge

of reservolr otl (or gas) and Ltater densltles. Estlmate6 must be made

for (1) interfacfal tenslon exlsting bet!¡een reservolr fluids. Table

17 glves valuea of typlcal lnterfaclal tension and contact angle con-

stants and (2) the wettablllty of the reservoir as reflecced ln the

contact angle between rock and flulds. The values asslgned to these

parameters are presented ln Table 33. An lmportant secondary use of

capltlary pressure data ls to calculate the pore sfze dfstrlbuElorl@,/{ | .n"
foñnatlon and relatlve permeabllity charac teris t ics . t:i.f- ;ll')'

\\"i ;" '''
The procedure follo¡¿ed for rhe caplllary Pressure testa was ab:'-li!ll.}

follov¡s: Ít!91.!ttii[) ii
ectttf'

Restored S tate

1. l{ater saturared sanples for afr - water of o11 - brlne tests

and oll saturated cores for air - ol1 tests vrer€ placed on a

semlpermeable dlaphragm, and a Portfon of Ehe contalned ll-

quld was dlsplaced with the aPProPlate fluld of ofl or alr.

Llquld saturatLons uere measured after equlllbrlum saturatlon

was reached at each of several succesive pressure levels.

2. Three Phase Capillary Pressure Tests - these requlred a r¿ater

saturated sample. The r¿ater was reduced to lrreduclble and the

voÍded pores were saturated \.¡ith oil' The o11 was then dlspla-

ced by the water fo simulate water eflcroachement.

Cent rl fuge

Cores \^rere seturated wl-th water ( or oi1 ) and spun under air

or of1 at lncreáslng speeds. Average ltquld contenc at each speed

was calculated from observatlons of tiquld sPan out ( liquld

B
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TABLE 37

Alr-Brine Cap il l- arv Pressure Dala

Pressure, PSI :

Sample Pern' Poros.
Nunber fod. 7. Brine SaEurat lon , Per Cent Pore Space

L2481535300*

L O,Z4

4 0.o7

100.0 100.0

100.0 100.0

100,0 100.0 100.0

100.0 100.0 100.0

8

6

1

7

l

grBufilicA tlt
FSPO?

i59.5 12.1
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TA3LE 38

Tvplcal Interfác la1 Tension and Contact Ang 1e Constants

Svsteu

Laboratory

A
Contact Angle

30

0

Y
Interfaclal

Tensl.onContacE A

1.0

0.866

0. 765

1.0

0. 866

1.0

30

140

0

72

48

480

24

1't

42

367

Alr-!rater
Oil-t¡ater
Afr-mercury
Alr-oII

Reservo lr

Water-oi1

Water-8as

úlBii$Iict il.
t§p{'rr,

30

50*

26

50

*Pressure and teEperature dependent. Reasonable value to dePth of
5000 feet,

Y Coslne

ffi,
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volume out was read r,rlth the stroboscope while the centri-fuge

Lras in mot.Lon ). The average sat.uraElon data were oPerated on mate-

natlcally to stabllsh a water saturatlon versus pressure curve.

C. Mercury Injection

The test specinen was evacuated and mercury was lnjected ln mea-

sured incrernents lnto the core at lncreasLng pressure levels.

type of test the mercury represents the non-r^,ettlng phase,equ

to oil or g¿¡s ln the reservolr. This was necessary malnly beca

the 1or.r perneabllity of the sarnples.

Water Perñeabillty

ulBll0Ii[A fli
TSPQi

This test ls the best indi.cator of formation sensitfvlty to varlous

brines. It is used to evaluate dauage to a fornation that would

occur frou various drtlltng flltrates and / or inlectlon h'aters. A loss

of perneabllfty may be due to :

(l) Svelling clays such as monEmorlllon1le or,

(2) part.lcle u¡oveEent and subsequent pore blockage by fines or clays

such as KaollnlEe.

Ihe tesEs coneisted of dlrect measurement of permeablllty durlng the

flow of water through a saturated sample. Perl0eabllfty to water as a

frnction of throughput ls normally recomended.

To dlfferentlate between clay swelllng and particle movernent, flow

through the sample ln a reverse direction ¡¡as made. Thfs ls necessary

slnce a decreasa in perueabllity could be because a particle novement,

a sharp increase ln perrneablllty on the reverse flow test lndfcates

r¡ovlng párticles. The reverse flow dlslodges the partlcles from pore
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necks shere they heve accr¡mulaled and temPorarlly caused increased

permeab1llty.

Relative PerDeabl llt Tes t§

Darcyrs law as orlg1nally stated aPPlles to a Porous medlun where

a slngle fluld coupleEely saturates the rock. v¡hen t!'o or more flu

are present, they co[Pete for the f1or.r space wlthln the rock and 1

is inportant to knov Ehe effective Permeabtllty and relaElve Perme

ids

b1ltty of every one of the flulds f lor^,Lng through the rock. *t uttqñLl],tt,ttr,

tlve perneablllty a¡rd the relative perrreabllltv require that the sa- rSPO!'

Euratlon of the Phases be knor¿n before much Practlcal use can be made

of che data. The saturatlon present is dependent on the ldettlng cha-

racterlstlcs of the rock and rhe saturatlo[ hlstory of the sample'

In general, laboratory samples ehould fol-lolr the sane sequence of

saturatlons changes durfng preparatlon and test Ehat the reservolr

has undergone.

Gas - oI1 relatlve Perueablllty data ls used In conjrrrictlon with

fluid propertles and náterlal balance equatlons to Predlct Pressuret

gas - oil ratlo and productlon performance for solutlon - gas drive

reservolrs . K /K ls also requlred for gas cap advance, gravity
8o

drainage, product.lvlty decllne' gas - conLng snd fractlonal flor e-

quatlons.

K tK tests were rt¡Il !¡iEh connate rrater ( 142 lnltlal water satura-
Bo

tlon for sample 28, and 11.42 for sample 3). Thls was neeessary, sln-

ce Cllnton sándstones are knor¿n to be uater senstble because of the

presence of hydratable clays, and also because of the low penreabl-
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llty that characterlzes Cllnton. Also, slnce this test only alovs

two moblle phases, when r¿ater ls present ir should be lmtoblle. The-

se tests Here conducted on extracted, restored cores.

Tables 39 to 41 glve the data obtalned from these speclal core ana-

lyses. Flgure 55 to 58 show ln a graphlcal ¡Danner the relatlve Per-

meabillty curvea as well as the relative perneablllcy ratio curves.

hrhen the relatlve pero€ábiLity to oll was bel.nB measured, o

vas dynanlcally dlsplaced by gas and Increnental volumes of o11

*

tlve perreabf llty characterlstlcs were calculated from .n. 0.. o rtBll'':C|'li

gas productlon were neasured as a functlon of tfme, Gas - o11 re

tion data. I! was lnterestlng to notlce Ehat the o11 dlspLacement

efflclency by gas was above áverage for sa¡rdstones of the Cllüton

tyPe.

Synergetlc Comp uter Processed In te rp ret at fon

Schlunberger conducted a compuEer processed fnterpreEatlon

( Schlunberger Synergetlc Lo8 SysteDS ) of the control vreIl. The ana-

lysls was nade at lntervals of 1 foot, from 602.0 to.4342.0 feet

( urly the caliper Log lras run from 100,0 to 4300.0 feet ). From

this analysls the followlng paraneters were deterElned : Kerogen vo-

lurne rwater saturatlon, poroslty, total and secondary üatrlx densl-

Ey, 9ha1e volume. FroE Ehese studLes 1t was possible to determine

appreclable hydrocarbon acct¡mulatlon 1n the shale gas section of the

hole. They look so pronlslng that the posslbllity of a dual comple-

tlon ln the control well at some later tlDe r¿as suggested.
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TABLE 39

Company - The East Ohlo Gas CoEPanY
WeIl - Sandy Lake Land Co.No.3' l'lell No'
Field

Forl[atfon - CllnEon
32]'2 County - Portage

StaEe - Ohlo

ldentlflcallon ánd Descrlp tlon of Samples

Llthol0 ca1 Descri !1on

sB, Ery, v/fn grn, rell lndurated, w/lron sta

*
S arop 1e
Number Dep th Feet

?B

427L'-7?'

427rt -7?'

4284r -85 t

4284'-85'

I

3

pockets
Ss, gry , v/fn grn, well lndurated, v/i.ron stal{tilltiA [li,:

:-ccf!r
Ss, gry, v/fn grn, nel'1 indurated, r¿/lron staln§ -" '' -

Ss, gry' v/fn grn, vell lndurated, n/tron stalns

Descrlptlon of the Sarop les
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Sanp le Number

Alr Peroeablllty, Md' 0.35

0i1 PerDeablllty at
Inltlal lJater Saturatlon, Md. 0'27

Gas-oll Relallve
Perm. Ratlo

28 Initlál WaEer Saturatlon
Per Cent Pore Space 14. 0

Poroslty' Per Cent 11

Relatlve Perm. Relative
to Gas* Fractlon to O11*

*

'/.

Llquld Sat.
Pore Space

100. 0
89.2
86.7
84.5
81. 8
78.6

7 2.7
68. 4
66,9
63.3
61. 0
58.6
55.8
52.7
48.8
45.0

. 000

.00029

.00043

.0011

.0021

.0047

. 011

. 0r8

.040

.055

.095
, L23
. 161
.203
.260
.320
.390

1.000
.00056
.00097
.0029
.00ó7
,019
.055
.1r3
.37r
. 608

1. 45
2 ,49
4.3s
7 .47

13, 6
26.7
37 .4

. 520 oror l¡'f " I Ii'.

.445 c':.;*,,
,380 ""'=
.315
.250
.200
.1s9
.107
,090
.065
.049
. 037
.027
.019
.012
.0068

TABLE 40

Gas-oil Relatfve Permeabflftv Data
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TABLE 41

Gas-oll Relatlve Perneab il rr Data

Sarople Ntrmber

A1r Peroeablllty, Md. 0.35

oll Perneabllity at
Inltial llater Saturatlon' ¡ld. 0.28

3 Initlal I'¡ater Saturetlon
Per Cent Pore SPace 11.4

Porosity' Per Cent 7.1

Relatfve Perm. Re laE Í
to Gas* Fractlof¡ to 0i1*

Gas-Oll Relatlve
Pern, Ratlo

1100. 0
86. 5

84 ,4
81, 6
78,9
75,8
12.6
70. t
66. 9

63. 9
61. r
51 .6
54.4
50. 8
46.7
42.8
38. 0

.0020

.0038

.008ó

.018

.040
,085
.154
.306
.577
.10
.t2
.84
.69

o

,0

.000

.0011

.0019

.0038

.0069

.013

.023

.036

.055

.079

.110

.L46

.t77

.223
.27 0
.340
.400

.380

.12L

.27 0

.235

.179

. 137

. 100
'. 0ó9
.046
.029
,016
. 0085
.0039

{fimlicttlt'
.ffieo'

I
2

3

7

16
40

r03

Llqu1d Sat.
7 Pore Space
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Fluld Analyses

(r) Hater Analysls. Table 42 shorrs rhe results of the Hater analysls

conducted Lo kater samples from lhe con¿rol !'ell, even though

the analysls shor¿s a Eyplcal formaElon uater, calclum, magneslum

and CaCo3 are the ones that cause scallng and reclpttates on

the productlon equlPment.

( 11) cas Analysls. Table 43 ls á normallzed chromatoSraphlc a

of the gas samples from Sandy Lake No. 3' The analysle w

ducted for hydrocarbons from methane Eo hexánes Plus the

lncluded sulfur content. Fron Ehis tabl-e lt can be seen

the produced 8a6 ls very dry (98'387 nethane' wlth only 2

propane plus).

a

trBU0ltlA ilt
'tbpo''
,27 7! of

(1ii) S tock Tank Oil Analvsls. Even though thls reservolr 1s consld-

ered to be a gas reservolr, some high paraffln Penn Crade crude

oil ls Produced along r^rlth the 8as and suPer-saturated salt

water. The high Paraffln content of the crude o11 creates many

problems ln that lt preclptates out ln the Eubfng' on the 6and

face and uithln the fractures resultlng from stlmulaclon Jobs'

Table 44 shous the results of the stock tank o11 analysLa'

The A?r Sravlty of thfs oll was 39'3" API (G 60'F) ' and most of

thls o11 r¡as tnade up of pentadecanes plus (67 '2OZ by welght) '

Core Ariá1vsls. Imoerslon Tests . X-Ray Analysls. Rock Propertlea Meas-

urements and Fluld Loss Tests

These tests were not conducted wlth cores fron Sandy Lake No' 3'

but the cores studled cane fron Red clinton (450I feet) and whlte cllnton

(4527 teet). Two formatlon core sarnples fror Red Cllnton and Whlte

Cltnton lrere analyzed.
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DaEe:

CoEpany

Lease I

t¡ell3

Foruátlon 3

Count] :

TABLE 42

Water Analysls

ocrober 10, 1975

The Eaat 0h1o Gas Company

Sandy Lake

Sandy Láke 3

Cllnton

PortaBe

l'

Spclftc Gravlty:

PH

Chlorlde (C1)

ToEal Hardness
(Ca Cor)

Calclum (Ca)

Magneslun (l,fg)

1.205 @ 68"F

4

160,000 ppm*

126,000 ppn*

43,600 ppm*

4,131 ppo*

TDS

Sulfate (SoO)

2es,ooo ,offittttt$tn

175 ppüsPoL

Iron (Fe) 398 ppn*

Sulflde (S) none present

Blcarbonate (ItCOr) ND ppn*

NH3/N very strong trace

T3L very strong trace

CoEloent: *lndlcates datá déternlned for upl
ND - not deternined

ffi
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Date:

Coopany:

Lease l

tJell:

Foruatlon:

TA3LE 43

Cas Analysis

october 23, r97 5

The EasE ohio Gas CouPanY

Sandy Lake

Sandy Lake No. 3

CIlnton

County: Portage

cross Heatlng Value as BTU/SCF - 104I (CuEles-Ilamer recordlng C

(30.00" of ¡á'f Hg, 60"¡, dry) - 1043.8 (Calculated from Chron.at
AnalYsis)

- 1043.7 (Caldwell)

*
o

Speclflc Gravlty
(Dry alr = 1. 000)

SuL fur Analysls

Sulf ur-Contafnlng constlluent
Hydrogen Sulftde
Hercaptans (as n-butyl r0e rcaP tan)
SuLfides (as diethyl sulflde)
Residuals (as dlelhyl sulf lde)

Total Sulfur

Normalized ChronotasrPhlc Analysis

Const ltuen t
He11úo
Hydrogen
Oxygen
Nitrogen
Methane
Ethane
Carbon Dloxide
Propane
lso-Butáne
Neo-Pentane
lso-Pentane
NorDal Pentane
Hexanes PIus

Total

- 0.630 (Ranarex speciflc gravlty loqrF-olÚ.*-t+C

- 0.6302 (calculated froE chroDotoeiapFlf *l
AnalYsls )

- 0.6303 (caldwell)

Gralns as sulfur Parts Per mllllon
er 100 SCF as sulfur by r^,e i gh tp

0. 00
0. 06
0. 13
0 .44
0.63

0.0
1.8
3.9

13, 0
18. 7

.0

.38

.75

.38

.L2

.I-0

.38

.00

.11

.11

.06

.00

0
0
4

87
5

0
1
0
0
0
0
0

100

Calculated VoluBe Percent
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TABLE 44

Stock Tank 011 Analvs ls

Mol
Percent

Weighl
Percent

Denslty @

GraEs Per
" APl
G 60'

ou!
CE

Molecular
F welght

CoDponenE

Hydrogen Sulf lde
Carbon Dloxlde
Nitrogen
Yethane
Ethane
Propane
Iso-Butane
N-BuEane
lso-Pentane
N-Pentane
Hexandes
Heptanes
Octanes
Nonanes
Decanes
Undecanes
Dodecanea
Trldecanes
Tetradecanes
Pentadecanea+

Nil
Trace
N11
N11
0. 02
0. 07
0. 04
0. 18
o .27
0.47
1, 59
5. 51
9.32
8. 81

ro,26
6 .22
5. 63
4 .28
3.57

43.7 6

N11
Trace
Nll
NlI
Trace
0.01
0. 01
0. 05
0. 09
0. 15
0. 60
2.38
4,44
4 ,63
6. 03
3. 91
4.04
3.41
3. 05

67 .20

0. 716 3
o .7 382
0.7555
0. 7ó91
0.7771
o,7862
o.7927
0. 8010
0. 8602

96
ióe i}lifr ili
apc-, r 'il ,

131
140
160
L77
190
342

I
65. 9
60.0
55.6
52,3
50. 3

48.3
46. 8
45.0

100.00 r00. 00

oAPr gravtEy @ 60'F of STock TAnk 011 - 39'3

,f'A'>'
/^.7 *,6\i"l

ñ\Fl;
&: E},i< I :

\Yiyl.'
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The X-ray analysls lndLcated the Presence of sma1l to noderate

a$ounts of ljater sensltlve clays in the subnltted sanple from the Red

Cllnton formatlon, and very small to sEall amunts of these clays ln

the Whtte Cllnton fornatlon sample. When uacer sensltlve clays are

present Ln Ehese añot¡nts, 1E ls recomended that the forDation be

treated ldith a hydrocarbon ba§e f1u1d, or §fth a wáter base fluid such

as two Percent clay fluld or two Percent PoEasslrm chlorfde v¡at

The core samples te6Eed showed very 1o!r perueabllitles

Eherefore Fluld Loss Tesls lrere conÉidered unnecessary' The r

the laborarory tests are glven ln TabLe 45' 8lBU0ltcA il['
ESPOT,



Format lon
Core

No.
Por.

Air Perm.
(nd)

Horiz. Vert.

17 3

salt conlent, m8'
Salt/100 sE. Core

TABLE 45

Core Anal- s ls

Depth
Feet

SoI.

Red Cllnton
White Cl-lnton

1

2

4 501
4527

t.4
5.5

<0,0r <0.0r
o.66** 0.03

8
5

300
300

Thts ls solubiltty tn tlllute hydrochloric acld as calclum carbonate only'
Thls test plug contained a haLrllne fracture'

lmerslon Tes t *
Effeccs of lmerslon under vacuum at llsoF(est.
followlng:

Core DePth Fresh l-O7. 2"Á

BHT) for one hou

22 7 L/2 o/"

Format ion No, Feet Wafer

Red Clfnton 1 4501 V-SAF
lltlte clinron 2 4527 NFR

NFR = No flnes released.
V-SAF = very small amount flnes.

SAF = Sua1l axDoun! flnes.
llAF = Moderate a[ount fines.

I1;
V-SAT'

NFA
V-SA}'

NFR

NFR

NFR

MAE (ü¡Fng i.
NTR ÍFR

aCI KCl Cla. Flx MCA

NFR

V-SAF

X-RÁy Dlffrac tion Analysis

Core No.
DeDth ( ft)

1
4501

2

4527

Quartz
Feldspars
Calclte
fro lomlte
KaollnLte
Illite
Montmorlllonite
Mixed Layer Clays
Anhydrlre
sideri-te FeCo

maj or
very snall

small-¡noderate
small

sEá11-ooderate
very soall

sná11-moderate
very small

sna11
very small
very small

small
sná11
sEá11

maj or
small

l
Rock Propertfes MeasureDen ts

Core
No.

Dep th
( feet ) Fornation

Poisson I g

Rat lo
Young's Modulus of
Elastlclty (Psi)

1

2

4501 Red Cllnton 0. 09

Whlte Cllriton 0. 098

Fluld Loss Tests

5. 71 x 106

5. 52 x 106

The suboltled core lras no! permeable enough to conducl fluid loss tests.
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Thernal Stlmulation Equlpment

The following equipnent ¡¡as lnvolved ln the prolect:

Air Compressor shown ln Flgure 59 (top) ufth a capaclty of 350 l'tcf

per day, 1500 pslg dlscharge.

Me ter 1ng and Transmisslon Air Systen conslstin I of 2lnch plpe for con-

necEfn8 the alr conpressor to the !rel1 head. one check valve, one orl-

flce run to neler alr i.njection, one 2 lnch valve ahead of orlf

2 inch and I 1/4 tnch fittings. The alr Eeterlng system ls Pre

in Flgure 59 (botton).
1illLl0'[[tA tlt

well Head EqulpEent conslsting of one 4 lnch x 2 inch x 2 lnch tuEsFOL

head, tvo fu1l openlng val-ves (1 I/2 inch or 2 lnch llne pipe), a snal-l

rig to hold the rrlre line ¡¡hlch holds the down hole burner, flgure 60

(bottom) shorrs ¡he ¡¿ell head set up.

Gas conpreasor shown ln Frgure 61 (boctora). Thls oachlne ls r¿ater cooled

lrlth a Eaxlnrl¡ capaclty of about 20 Hcfd. Fuel gas is eompressed Eo

necessary pressure and discharged through an orlflce Eet.er at closely

regulated rates. F1gure 6l (toP) shows the lntegral orlflce. DP celL

gas neler as well as the alr inlectlon Eeter. Under adi.abatlc condltions

the tenperature of the alr dellvered Eo the formaElon can be controlled

by adjusElng the afr-gas ratlo.

wellbore Set up, consisting of a strlng of nev, tubing (1 1/2 tnch or

2 lnch) at the end of Ehe tublng stalnlesa steel shells are llned wlth

a retractory materlal whlch conflnea the gas flame temperatures lnsÍde

the shleld. Finally, the do\jIt hole burner sho$n 1n Flgure 60 (toP) ' was

run into the hole through the Eubfng by a wlre line. Gas entered through

the 2 inch tubing and In through the caslnS. A niErogen lank near the

wel.l head (see Flgure 60, bottom) uas used whlle loadlng the ignltlon

chenical ( trlethyl-Borade ) ln Ehe burner.

1
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METERING AND TRANSMISSION AIR SYSTEM

Figure 59. Alr InJectlon SYsteI0
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NOWN HOLE BURNER
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Ttre product.ton casing was swabbed to reEove all o11 and other

llqutds.

Somet iEes lt sas necesgary to cover the Perforatfona with

LraEer so that any o11 left ln the casing w111 float on toP

1

2

of the water and arüay froro the burnlng zone'

The stalnless steel heat shleld ltned wlth a refra

maEerial was attached to the bottom of the tublng.

3

4

cto

6

r¿as used to confine the gas frame ter'perature to rte dilU[iiiil IIt
i:itrfi?-

and protect lhe cáslng frou heat damage.

The tubtng was run to a dePth so that the heat shleld r¿as

positloned a few feet above the perforaElons. ThIs §eE uP ls

shorm ln llgures 41 and 43.

An tgnltlon chemlcal (Trl-ethyl Borade) was placed ln the do\^'n-

hole burner. Ntttogen was inJected wlth Ehe iSottton chemlcal

as a safety measure !o seParate the gas alr lnterface'

The burner r¿as lowered ln the tublng on a slre 1lne through a

lubricator. To lnsure the burner reualns inslde the heat

shleld a settlng nlPPle uas adapted betlreen the ehleld and the

end of the t ub 1n8.

fhe Bas tJas Lnjected dorrn the tubing t hlle the alr I,as lnjecEed

dor¡n the caslnS-tublng annulus.

Aa the alr caDe ln contacl wlth the ,.gnitlon chenlcal ln the

dovn hole burner a slow ignltlon takes place. I8'nltlon gen-

erally takes place around 900"F ¡¡lth the actual burn reachlng

1100'F - 1200"F.

The actuel tlme of lgnitlon sas dlfflcult to detect. Alr 1n-

1

8

9
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JecElon PerforDance and 8as analy8ls were used to deterolne ff

combuatlon has occurred' Normal 18n1t1on tlme lasted betrreen

5 and 10 daYs.

10. As the gas burned lnslde the heat shteld the alr flovs around

and through the heat shield and transferred heat down hole to

the f orlÉtlon.

11. T'tre temPerature of the alr dellvered to the forDatlo

ternlned and controlled by adjustlng Ehe alr-gas rat

!2. Increaaes ln bottoro-hole Presaure were tsken aB poslt{üd'l'rÉtJl'
r1¡f f i

cátlona of combusllon In t'he burner '

13. once lt rra8 establlshed that the burnlng uaa taklng Place'

Ehe dotn hole burner waa removed fron the rrell' but the alr

lnjectlon !.tas conEinued for another two week's '

14. Oo.ce the burn was completed ' the r¡ell r¿as flowed back under

controlled condltfons.

15. Prlor Eo Puttlng the atell back lnto Production a gas analysls

¡Jas taken.

16. Prlor to therf[al stlnulation and after the stlmulation' back

Pressure tesEs' and pressure butld up tests !'ere conducEed ln

order to evaluate the reaults frou the stluulatlon'

1o
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A¡STRACT

A series of laboratory experlmeflts r¡ere conducted to deteruine the

most efflclent nelhod to reaove paraffln depos!-ts tn the well bore and

fracture system of gas uells ln the Cl'lnton Sand of 0h1o'

After exPerlnentlng with Ultrasonlc Energy' solvent st

ánd theroál stlnul'atfon' lt r¡as concluded that the thertÉI SE

Eerhod Ijas Ehe uosr arrracrlve for fleld Erlals. After designl¡H6B[Ii[A til'

pilot projecc conslstlng of three sells' t!'o of these 'o"ff" '¡"tJ§8*l'

paraffln problen was evldent rdere theroally stloulated using a down

hole gas burner to create a htgh tenPerature gradlent from the r¿ell to

Ehe fracture system and foroátlon' AfEer several days of stl-Eulation

lE uas observed that the wells r¡ere indeed sElmulated but not to the

tragnltude orlginally expected, oainly because of the extremely low

perueablllty of the forEátlon lnvolved and because of the low pressure

gradlent exlstlng ln the EtlntllaEed !'e11s'
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