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ABSTRACT: 

This paper discusses case histories of load recovery a.nd production data from wells that 
were fracture treated with aqueous polymeric fra.ct,uring fluids ut&Gng encapsulated breaker 
in West. Texas and Southeast New Mexico. The basic fract#ure treatment, design of these 
wells and their act,ual load recovery and production history will be compared to results 
obtained from offset, wells prior to the introduct,ion of encapsulat,ed breaker. 

The case st,udy will focus on 15 oil and gas wells in t,he pertnian basin that were hy- 
draulica.lly fract,ure t,reated wit,h proppa.ut, placed using gelled-water-based fracturing flu- 
ids containing encapsulat,ecl breaker. The enca.psulat8ecl breaker was used to lnaxinlixe t,he 

clean up and minimize t,he damage caused by polymer in t,he proppant, pack of t#he fracture. 

Recent studies have documented this damage to be more severe as the polymer concen- 
trates with leakoff of the aqueous component, of t.he fluid than previously suspected. This 
damage occurs during bot,h the fract,uring and fracture closure processes. Conventiona. 
breakers used at, concent,ration levels needed t,o degrade this damage would result in fluid 
viscosity reduct,ion when exposed t,o t,ime and t,enlperat.ure during pumping operations. 
This viscosity reduct,ion woulcl result in job failure. 

Proper fracturing treat,nlent, design cornbilled wit,h t,he correct. utilizat,ion of bhe encap- 

sulated breaker has been very successful in t,he aspects of fract,ure treatment. operations 
and post treatment. production results. 

INTRODUCTION: 

A measurement. of the overall effect,iveness of a propped hydraulic fracture treatment, is 
provided by the dinlensionless fracture conductivity expression, C(FD. It provides a link 
bet,ween t,he fracture and the reservoir in predicting the post-treaBnient well production. 
<I,, represents a. rat,io of flow ca.pacit.ies and ca,n be t:hought~ of as a pressure drop. The 
higher t,he C:FD value, the lower the pressure drop inside t.he fra.ct.ure. The result, of a large 
CFD value is a higher production rate and faster well cleanup. 
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where: 

l k, = in-situ frachre permeability, md 

l 20 = effect,ive propped fract,ure width, ft 

l k = formatLion permeability, md 

l ~:f = effecbive propped half-length, ft. 

In order t,o more effectively optimize t,he production increase from a hydraulic fracture 
t,reat,ment, a CFD value of at least, 10 is neecled. To achieve this, t,he fract,ure conductivit,y 
(kp) portion of t,he C, ‘F~ equation must. be maximized. Since propped fracture widths 

in excess of 0.2.5 inches are ext,remely difficult, t.o achieve, great emphasis must be placed 
t,o ensure that. the fracture permeabilit,y remains as high as possible. Unfortunately, the 
in-situ fracture permeabilit,y is usually only a fraction of the original cleau proppant per- 
meahili ty value. 

j?JRACTURE CONDUCTIVITY REDUCTION: 

For nearly t,went,y years, t,lle proppa.nt. pcrmeahility numbers used in proppant, fracture 
treatment clesigns have beeu significaut,ly over-estimated. The fact,ors which affect frac- 

t.ure permeability can be separated int,o t,wo cat,egories: 

1. Factors influencing conductivity under all conditions including the follow- 
ing: 

l Reservoir Temperat,ure 

0 Closure Stress 

l Proppa.nt, Type 

0 Proppant Strength 

l Grain Size And Dist,ribution 

0 Proppant Concenhtion 

l Embedment, 

l Time At. St,ress And Temperat,ure 

Past. industry standards for the evaluation of proppant-pack permeability have lIti- 
lized short-t,erm testing met,hods using the equipment and procedures first described 
by Cooke. New studies have focused on long-t.erm t,est.ing of proppant,-pack perme- 
ahilit,ies. These studies have shown l)roppa,nt,-pack phmeabilit,ies are dramat,ically 
reduced when exposed to long periods at t,emperature and stress. This behavior is 
primarily -due to he rea.rra.*~gement,, embedments and packing of the proppant as it 
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begins to crush. The long-term permeability values of many of the proppants tested in 
these studies have been documentSed. The previously reported short,-term dat#a values 
often exceed t,lle newly documented long-t*erm permeabilities by 50%. An example of 
this data is shown in Figure 1. 

2. The following factors influence conductivity based on the effects of frac- 
t uring fluids: 

a Gelling Agent Type 

l Crosslinker Type 

l Amount, Of FractSuring Fluid Pumped 

a Brea.ker Type And Concentrat,ion 

0 Proppant. Concentra.tion 

Further studies have been performed t.o exanline t,lle effects of fracturing fluicls on 
t,lle proppant. pa,ck. Their findings have shown t,lla.t, the permeability of proppaut 

packs may also be significahly impaired by the gelling agent, used to viscosify he 
wa.ter-ba.se fra.ct,uring fluid. Ea.rly da.ta. showed t.lla.t, cliffereut, polymers a.nd crosslinker 
types intmroducecl varying levels of da.ina.ge. More recent studies have shown that, a 

la.rger degree of damage n1a.y result, from the polymer becoming concentrated inside 

the fracture proppant. pack. 

The polymers used t,o crea.te the gelled fra,cturing fluicls are far t,oo large to leak off 
int,o the rock ma.t.rix of most, low permea.bilit,y reservoir rocks. Init4ially bile polymers 
a.re deposit,ed on t,he fract,ure faces a.s a. gelled filt,er ca.ke. As fluid leakoff conbinues, t.he 
polymer concentmtion within t,he frahure stea.dily increases. Ultimat~ely, during t,he 
closure process, a.11 of t,lle polymer used to crea.te the fra.cturing fluid is concentrated 
a.nd is left to fill the pore spaces of the proppant, pack. The phenomenon of polymeric 
gelling age& becoming concenhabed wit.hin t.he pore volume of the proppa,nt, pack 
was first, inbroduced by Cooke. Asstuuing that. all the polymer renmins within the 

proppant, pack, post,-closure polymer concent.ra.t.ion fa.ct,ors may be calcuhted using 
t,lie following eqimtion: 

p, = fJ1 - dw-Y 
cs bww 

where: 

C-2) 

0 P’ = polymer concent,ration fact,or, dinlensionless 

0 pS = proppant, a.bso1ut.e density, lh/ga.l 

l c, = average proppant. co11cellt,ra.t,ioll, pl)a,, 11~111 a.clded/gal fluid 

0 4 = proppant, porosity 

The final polymer concentration can be det~erminecl by mult,iplying t,he initial surface 
polymer concenbmtion of t,lie fra.ct.uring fluid by t,lie ca.lculated polymer concentra- 
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tion fa.ctor. Figure 2 shows t,he polymer concentrat.ion factor a.s a function of average 
proppaut, concent,ration for a, proppant, pack porosity of 35%. The graph indicates 
t,liat, polymer concent.ration.5 at t,he end of most, fracture treatments may easily ap- 
proach 400 to 500 lb~u/lOOO ga.1, a.nd may often exceed 1000 lhu~/lOOO gal. Polymer 
concent,rations of t,liis nmgnibude me difficult, t,o displace aad will result, in reduced 
fract,ure permeability as showu in Figure 3. This fract,ure pernieability reduchion will 

not, be as severe if the polymers are thoroughly broken. 

FRACTUREmmCONDUCTIWTY~ RETENTION; 

Reducing bhe fracturing fluid to a low viscous stat,e was long thought to be sufficient 
to flow back t,he fracturing fluid arid nliniulize the proppa.ut-pack permeability danmge. 
R.ecent st,udies have proven that, t,his is not, t.he case and that, the conveutional breaker 
designs used in the past are not sufficient t,o degrade the polymer and reduce the proppant 
pa.ck permeability damage. 

C!onvent.ional breaker designs used in t*he past, were designed t.o work ou t,he init,ial surface 
polymer loading and not, t,he ult,ra high polymer corlceIlt,ra.t.ioIls inside t.he fra.ct.ure. A unlch 
higher breaker concent,rat,ion is needed to effcct.ively degrade t,he concentrat,ed polymer. 

Thou~pson, et, al., showed that. dhe conceut,rat,ion of st,andard oxidat,ive breakers must, 

be significantly increased over t,radit,ional loa.ding levels to improve the rebained proppa,nt. 
permeability. This is exhibited in Figure 4. The a.tnount, of clanmge reduced is direct.ly 

re1a.M t,o the amount of breaker a.ddcd, regardless of t,he frart,uring fluid t,ype. The effects 
of fluid type renmiued c.ousistellt with ea.rlier st,utlies even with the addition of brea.ker. 

Linea.r fluids are less damaging t,han crossliuked fluids and borate crosslinkers are less 
damaging t.1la.n met,a.lljc crosslinkers. The diffhrence between guar and HPG base fluids are 
alnlost, indist~inguisliable. 

ITnfort,unately, the a.mmonium persu1fat.e brea.ker concentmtions required to effectively 
remove the polymer damage cannot, be used (in ibs convent,ional form) without. causing 
fluid viscosit#y to decline boo rapidly during pumping. 

Encapsulated Breakers: 

In order to a.dd breaker concentrat,ions required t.o significantly reduce proppanh pack 
permeabilit,y impairment, a delayed breaker system has been devised which will not com- 

promise t,he fluid propert,ies during t,reat,ment,, yet, will effect,ively degrade the concentrated 
polymer a.ft,er the pla,cement, of t,he proppant, is complete. The delayed breaker is created 
by euca.psulat8ing t.he oxidizing agent. amnonium persulfate (APS) with a. wat,er resistant 
coabing. The proficbive coating minimized exposure of t,he fract,uring fluid to t,he breaker 
even though the brea.ker is a.clded direct,ly t,o t,he fluid. The coating allows high concen- 

t 
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t,rat,ion of breaker to be pumped wit,hout* ca.using premature viscosit,y degradation. As an 
an example of t.he effectiveness of the prot,ecbive coatiug of t,he enca.psulated breaker iu 
a borate crosslinked gua.r fluid at 160” F, a. dela.yed brea.ker concentratmion of 8 lb/1000 
gal could be pernlit,t.ed whereas less t,ha.n 1 lb/1000 ga.1 conventional breaker conceutra- 
Con could be run. A nlinimunl of 10% of the fluid visc0sit.y would have t,o be ulaint,ained 
for effect,ive proppa.nt, placement, for this fluid. As shown is Figure 5, t,he corresponding 
ret,ained perulea.bi1it.y achieved was drau~a.t.ically increased from less than 10% ret,ainecl 
permeability at 0.,5 lb APS/lOOO gal to more tha.n 40% retained permeability obt,ained for 
a. breaker concent,ra.tion of 8 lb APS/lOOO ga.l. 

Release of t,he brea.ker from the capsule occurs in two ways. After completion of the 
fra.ct.uring treatment, the hydra.ulic pressure dissipa.t.es (due to fluid leakoff) and the frac- 
ture closes, creatiug high point,-to-point. st.resses ou t,he proppant, and enca.psulat.ed breaker. 
Faults occur in t,he coat.ing t,hat, allow water to penet,rat,e and solubilize t,he amnloniunl 
persulfate. The auunonium persulfate is then released int,o the concent,rat,ed fluid wit,hin 
t(he fracture. Additionally, some penetration of wa.ter occurs even wit,11 highly water resis- 
t,a.nt, coa.t.ings. Aft.er sufficient. exposure t,o wa.ter, enca.psula.t.ed pa.rt,icles t,lia.t. ma.y nob be 
in a highly st,ressed st,a.t.e may ha.ve sufficient, wa.t.er peuet.ra.t,iou to relea.se t.he breaker. 

Due t,o t,he slighb pernleabilit,y of t,he protecf,ive coa.ting, some sina.ll ma,nnfa.ct.uriiig iui- 
perfections in the coating and clamage t.o the coa.ting during pumping, low levels of acbive 
brea.ker may he released during bhe t,reat,ment.. Test.iug has shown t,hat. t.he t,ot.al amount, 
of preinabure release is usually insignifica.nt’. Aft,er pumping t.he delayed breaker t.hrough 
surfa.ce equipment a.ncl t,heu exposing it t,o a, fluid a.t ITjO” F for t.hree hours, the release 
was less that .5% by weight. 

CASE HISTORY EVALUATIQN: 

l Case A: Two Brushy Canyon Formation Wells In Eddy County, New Mex- 
ico 

- These bwo wells were fra.cture st,inu~la.t.ed with proppant placed by a. borate 
crossliuked refined gua.r fluid. The fracturing fluid in both weJls ut,iJieetl eucap- 
sulated breaker to maximize cleanup and effective fracture conductivity. Each of 
t,hese ca.se wells has a. recently complet,ed offset, well in which t.he fluid did uot 
contain euca.psulat,ed brea.ker. The two ca.se st,udy wells and their 0fFset.s have low 
bot.t,om hole st,a.tic t.empera.t.ures of 1 IO-1 I Fi” F. Because of t,his low t,empera.ture, 
an amine breaker aid wa.s added t,o t,he fluid system to functiou as a cat,alyst 

for t,he ammonium persu1fat.e brea,ker. This breaker aid was used for bot,h the 
eucapsulated a.nd the active forms of the ammonium persulfabe oxidizing brea,ker. 

- Table 1 cout,a.ins a fracture brea.t.nlcnt, sunmlary of these wells. Figure 6 shows 
t,he init,ial product,ion of each ellca.psulated breaker case well aud it,s respective 
offset.. The first. case st.udy well 1la.d a.11 iuit.ia.1 product.iou of 1,13i barrels of 

oil per da,y (BOPD) 1 1 t, w li e i s offset, produced at, an iuitial rate of 848 BOPD. 
The second well ut,iliziug encapsulat,ed breaker produced at, an iuit.ial rate of 65 
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BOPD, 180,000 cubic feet, per clay gas (Mscf/clay) and 65 barrels of water per 

clay (BWPD). It. s offset, is producing at, a substaut.ially lower initial rate of 50 

BOPD, 50 Mscf/da,y aud 50 BWPD. 

- A quaut,ifiecl measurement. was uob n:a.cle 011 t,he initial load recovery but,, t.he 
opera.t,or commented t,llat, the wells wit,11 t,he encapsulated breaker appeared to 
recover more load in a fa.st,er t.iine period than heir conveut,ionally treated offsets. 

l Case B: Two Blinebry Formation Wells In S.E. New Mexico 

- Like Clase A, C:a.se B focuses on t.wo low t.emperature oil wells. These two offset 

wells were conlpletecl iu the Blinehy formabiou using 16/30 Northern proppaut 

placed by a bora.t,e crossliuked refined guar. They bobh coutaiued am aggressive 
brea.ker schedule including enca.psulated breaker, convent.iona.1 amnlonium per- 
sulfat,e breaker aucl a low tempera.ture amine breaker aid. Table 2 cont,a.ins a 
treatment. summary for t,llese jobs. A new offset. Bliuebry well is complet,ecl wit,11 
a sin&r fracturing treat.xnent. wit,11 the excephion t.1ia.t t.he fluid ditl uot’ cout,a.iu 
an aggressive breaker schedule. 

- The t,wo euca.psulabecl breaker wells in C!a.se B a.re out’ performing he offset, well 
as can be seen in Figure i. The avera.ge iuit,ial procluct.ion ra1.e is 93 BOPD 

for t,lle wells t,ha.t usetl t,lle a.ggressive brea.ker schedule conlpa.recl t.o a. 33 BOPD 

init,ial ra.te for t,he offset, well which cont,a.iuecl a. convent,ioual breaker schedule. 

- The opera.tor indicat,ed t.hat t,he loat1 recovery a.ppeared to be fa.stcr a.ncl more 
comp1et.e from the encapsula.tecl brea.ker ca.se wells than from the offset well, No 

quantitative recovery niea.surement,s were ina.de. 

l Case C: Five Sugg Ranch Field Canyon Formation Wells In West Texas 

- In his ca.se, five wells were llydra.ulica.lly fra.ct,ure sthula.t~ed using a delayecl- 

tit.anat,e crossliuked fluid. This low-p11 refined guar fluid wa.s energized wit.11 
30% carboii clioxicle by t.0t.a.l voliune. All five of t,hese wells were completed iu 
t.lie Cla.nyon forinat,ion. They are each located in clifferentV square mile sectioxis 
respehvely within the field. 

- Table 3 contains a fracture t,rea.tnlent, summary for the wells in this case. The 

a.verage post, frac production decline results from these wells are shown in Figure 8 
along wit.1: bhe avera.ge result,s of offset. wells in the field. The offseh have received 
a. va.riet,y of fra.ct,ure t.reat,ment,s prior t,o the int,roduct,iou of enca.psulated breaker 
t.eclmology. From looking at, hese pro’tluction st,at#ist,ics, it. becomes a.ppareut, that 
t,he uew syst,em using he a.ggressive breaker schedule a.ncl the C:02, is showing 
subsbaut,ial inlprovenleutm over previous syst,ems. AAer 120 days, t,he case wells 
were producing a.t au avemge ra.tc of 144 I30PD coulpa.retl t,o an avera.ge of IOG 
BOPD froul the ot,lier wells in he fieltl over t.he same post. frac t.ime period. This 
reflehs a net, procluct,iou increase of 36% per day per well yielded Ly the uew 
wells. 

- The wells in t,his field using the previous fra.ct.uring treat.meut. systems, including 
energizetl cases, t.raclit~iona.lly lla.ve loattl recoveries of 25-35%. The average load 
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recovery for the five wells using t,he energized system wit,h the encapsulated 
breaker is 45G5%. This a.ddit,ional load recovery should help improve long term 
product,ion results from t,hese wells. The reservoir pressure in this field has been 
somewhat deplet,ed over time ma.king this increased 1oa.d recovery even more 
impressive. 

l Case D: One Canyon Formation Well Near Eldorado, Texas 

- Two offset, wells were recemly complet(ec1 in t,he same zone of the canyon forma- 
tion. Both wells received t,he sa.me size fra.ct.uring treatment which is summarized 
in Table 4. Encapsulat,ed brea.ker was used 011 only one well. 

- The operat,or stat,ed that, t,he well which was treated using t,he encapsula~tecl 
breaker cleaned up several times fa.st,er than the offset, well. No quanbitat,ive 
measurements were conduct,ed. Bot.11 wells flowed a.ft,er the fra.ct,ure t,rea.t.ment,s. 

- 1nitia.l ga,s product.ion ra.te from t,he encapsula.ted hrea.ker ca.se well was 400 

Mscf/day while t,he offset, well which only received convenbional brea.ker t,ech- 
nology was 190 Mscf/da,y. These product’ion result,s are shown in Figure 9. 

l Case E: Five Canyon Formation Wells In Sutton County, Texas 

- III this case, a t,ot,al of 32 wells ha.ve been completed in t,he canyon formatSion 
over a five se&on area. Ta.ble 5 conta.ins a fra.ct,ure stimulation treatment, sum- 
mary for t,liese wells. The first, 1.5 wells were completed and stimulated in the 
mid-nineteen seventies and received small low-conductivity fracture stimulation 
t,reatCment,s. These t,reatment.s comained conventional breaker schedules a.nd only 

2.5 ppa maximum proppant, concent.rat,ion. The avera.ge fracture length from 

these treat,ments was 224 ft. The second phase of t.his case st.udy was conducted 
in early 1989 on 12 wells wit,hin the sa.me area. These wells received subs t an- 

Cally la.rger treat,ments wit,11 conventional brea.ker technology but,, IIIUC~ better 
fracture conductivit.y was realized. This higher fract,ure conductivity was created 

by increa.sing t,he maximum proppa.nt, concentration t,o 8 ppa over an increa.sed 

fra.ct.ure lengt,h of approxima.tely GO0 ft.. SPE 20133 d ocuments t,his init,ial case 

st,udy in det,ail. As shown in Figure 10, t,his la.rger tSreat,mentO wibh more conduc- 

tivity resulted in a.11 average 1.50 da,y cumula.tive product.ion increa.se per well of 
more t,ha,n .50 MMscf of gas. An a.cldibional benefit, wa.s realized from an average 
swab time recluct,ion from lo-14 days with the old design t,o a 3 da.y average with 
t,lie improved design. 

- As exhibit,ed in Table 5, the 5 ca.se st.udy wells were recent.ly fract,ure st,imulated 
using the same t,reat,ment as t,he improved design except. for the implementation 
of the new breaker technology, including t,he use of encapsulatSed breaker. Among 

the first advantages noticed from the addition of encapsulated breaker t,o the fluid 
was a swab t,ime reduct,ion from t.he 3 c1a.y a,vera.ge following the improved design 
to a less than one day. Most. cases required no swabbing at all. Total load re- 
covery has a.lso been significant,ly improved 011 the wells where the encapsulat.ed 
breaker has been used. In t.he pa,st., fra.c fluid recovery rarely exceeded 2530% 

where as an avera.ge of over ~0’30 of the fracturing fluid has been recovered from 
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he case study wells. The 5 case wells t.1la.t ut,ilixed the encapsulated breaker 
had an initial gas production product.ion a.vera.ge of 2.046 MMscf/day per well. 
This is significantly more than t,he 1.365 MMscf/day initial per well produc,tion 
average from the 12 wells that did not, rec.eive the new aggressive breaker tech- 

nology. Figure 10 shows t,he cunmlntive product,ion result,s from these wells. The 
Fj case wells have an average per well cumulat.ive production of 153.4 MMscf after 

5 mont,hs while the conventional breaker t,reat,nlents yielded an average of 120 
MMscf over the same period. This 33.3 MMscf is a 28% increase in production 
for this t.ime period. This case study is documented in subsbantially more detail 
in SPE 21497. 

CONCLUSIONS: 

1. Product.ion from t.he wells t.hat, were fra.cture st.imula.ted using fluids containing very 
high concentrat,ions of breaker is subst.ant.ia.lly higher t,han their offsets which used 
convent.ional breaker concent,rations. These results support laboratory conclusions 
tha.t$ residue from polymeric fract,uriug fluids can significantly reduce well performance 
if proper breaker designs are not. applied. 

2. Ext,renlely high breaker concent,ra,tions can be a.dded to convent.ional fracturing fluids 
by using encapsulated breakers. 

3. Wells using a. high breaker concenbmtion, clue t.o t,he encapsulat.ecl breaker, show 
improved clean-up c,hara.ct.erist,ics and increased load rec.overy. 

4. The improved proppant pack pernleabilit,y due to the higher breaker concentrations 
results in subst.aut,ially higher inibia.1 production. 

5. The improved clean-up and initial procluct,ion results obtained by using higher breaker 
concentrations were realized in oil producing reservoirs as well as the gas producers. 

G. The lower reservoir tempera.ture (less t,han 140” F) cases using t,he encapsulated 
brea.ker, in combina.t.ion with conveut,iona.l breaker a.nd bhe amine breaker aid have 
realized improved clean-up and higher init,ia.l production than their conventionally 

t,rea.ted offset,s. 
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Table 1 
Treatment Summary for Case A 

FIRST BRUSHY CANYON WELL 
WITH ENCAPSULATED BREAKER 

DATA 
Proppant Type: 

Proppant Amount: 

Fluid Type: 

Fluid Amount: 

Average APS Concentration: 

Bottom Hole Temperature: 

SECOND BRUSHY 
WITH ENCAPSULP 

DATA 

Proppant Type: 

115” F 

:ANYON WELL 
ED BREAKER 

1 ZI 
C 

IT - 

1 

Fluid Type: 

Fluid Amount: 

Average APS Concentration: 

Bottom Hole Temperature: 

DATA VALUE 

16/30 Northern White Sand 

31,000 lbs. 

8 1’PR 

35 Jbs./mgnl. Borate 

Reftned Guar 

13,000 gal. 

10.5 1bs./1uga1. 
+ Amine Breaker Aid 

DATA VALUE 

20/40 Northern White Sand 

10,000 Ibs. 

12 ppa 

4,100 gal. 

9 Ibs./lllgal. 

+ Amine Breaker Aid 

110’ F 

- 
lr OFFSET WELL 

COMMENTS 

;imilar Treatment. With 
>onventional Breaker 

I lbs./n1gal. 
+ Amine Breaker Aid 

OFFSET WELL 
COMMENTS 

Similar Treat.tnent With 

Conventional Breaker 

30,000 lbs. 

4 lbs./mgal. 

f Amine Breaker Aid 

Table 2 
Treatment Summary for Case B 

2 BLINEBRY WELL AVERAGE 
WITH ENCAPSULATED BREAKER 

DATA DATA VALUE 

Proppant Type: 16/30 Northern White Sand 

Proppant Amount: 

Maxirmnm Proppant 
Concentration: 

Fluid Type: 

Fluid Amount: 

Average APS Concentration: 

Bottom Hole Temperature: i 

- 
lr 

II 
59,500 lbs. 

5 IW 

30 lbs./mgal. Borate 

Refined Gmr 

39,000 gal. 

7 lbs./mgal. 

+ Amine Breaker Aid 

115’ F 

Table 3 
Treatment Summary for Case C 

5 CANYON WELLS IN SUGG RANCH AVERAGE 
WITH ENCAPSULJ 

DATA 

Proppant Type: 

LT 

f 

Fluid Type: 

Fluid Amount: 

Average APS Concentration: 

X,GOO gal. 

3 lhs./n1gal. 

LGO” F 

ED BREAKER 

DATA VALUE 

20/40 Northern White Sand 

lG8,500 11,s. 

G PPa 

30 lbs./mgal. LPH Titanate 

Refined Gum t 30% CO1 

OFFSET WELL 
COMMENTS 

Similar Treatment With 

Conventional Breaker 

- 
lr 

Various Systems With 
>onvent~ional Breaker 

L 7 ( 

L - 

OFFSET WELL 

COMMENTS 



c 
Table 4 

Treatment Summary for Case D 

ELDORADO, TEXAS CANYON WELL 11 OFFSET WELL 
WITH ENCAPSUL 

DATA 

Proppant Type: 

Proppant Amount: 

Maximum Proppant 

Collcelltmtion: 

Fluid Type: 

Average APS Concentration: 

ATED BREAKER COMMENTS 

DATA VALUE 

20/40 Northern White Sand Various Systmn With 

Conventional Breaker 

103,000 lhs. 

i ppa 

35 lbs./xngnl. Delayed Borate 

Refined Guar 

Figure 1 - Comparison of 20/40 NWS 
proppant permeability 

- 
3 
a 

1105 

Table 5 
Treatment Summary for Case E 

5 CANYON WELLS 
IN SUTTON COUNTY, TX. 

WITH ENCAPSULATED BREAKER 

Fluid Type: 

Fluid Amount: 

Average APS 
Ccmcentmtion: 

Bottom Hole 

-..- -- _.._ --__ 
DATA VALUE 

20/40 Northern 

- 
II 

500,000 lhs. 

8 IV” 

Borate Crosslinked 
FL&led Gum 

120,000 gal. 

G lbs./mgal. 

IGO’ F 

15 
OFFSET WELLS 
(OLD DESIGN) 

. ..--_.-- ______ 
DATA VALUE 

20140 Northern 
White Sand 

60,000 11~s. 

2.5 ppa 

Various 

60,000 gal. 

+/- 1 lbs./mgal. 

lG0’ F 

12 
OFFSET WELLS 

(IMPROVED DESIGN) 
~ --.-_ .____ 

DATA VALUE 

20140 Northern 

White Sand 

500,000 11x 

8 PP 

Crosslinked 
Refined Guar 

120,000 gal. 

t/- 1 lhs./mgal. 

160’ F 

45 45 I I I I I I 

40 40 
20/40 Mesh Proppant, 35% Porosity 

0 01 I I I I 1 
1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 

Proppant Concentration (Ibm/gal) 

Figure 2 - Effect of proppant concentration 
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Figure 3 - Impact of long-term testing and fluid damage 
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Figure 4 - Effect of breaker concentration for various fluids 
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Figure 5 - Effect of breaker concentration on 
retained permeability 



CO BRUSHY CANYON WELLS 

: Histo- I 
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Figure 6 - Initial production comparison 

1001 
NEW MEXICO BLINEBRY WELLS 

I - 1 
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80 

Figure 7 - Initial production comparison 

200 
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I 

180 
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Figure 8 - Average production decline 
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ELDORADO, TEXAS CANYON WELLS 

I 

,400 
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E 
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4 250 
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t 200 
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0 

Figure 9 - Initial production comparison 

SUTTON COUNTY, TEXAS CANYON WELLS 
200, I I I I I 

180\-j --- 15 WELLS M - . 
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Figure 10 - Cumulative production comparison 

SOUTHWESTERN PETROLEUM SHORT COURSE - 91 


