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. ABSTRACT

Wells with multiple producing zones can be-

. fractured one zone at a time during continuous
pumping with a high degree of probability. of
treating all zones by [1] pexrforating with
charges designed to produce round, burr-free
holes; [2] perforsting the seme low number of
holes [usually eight] into each zonej [3] perfo-
rating in mcid; and [4] using sealer balls be-
tween frac stages exactly matching in number the
holes in each zone.

. During field trials of the process, recov-
ered fluid-cut sealer balls'indicated that quite
often Jet perforated holes had poor roundness and
ragged burrs preventing good seal. It was neces-
sary to heve Jet charges and guns redesigned to
provide consistently round and burr-free entrance
holes. Perforating the same number of holes per

. zone eliminstes the guesswork vhen determining
the number of ball sealers to use per stage.
Experience has shown thet perforating in acld

- reduces breskdown pressures, allowlng the pro-
cess to be used in areas where previous fracing
indicated the method could not be applied. Using
sufficient holes per zone to handle the total

1. -pumping-rate at-a. low. differential pressure pre- .

vents bresking down more than one zone at & time.
Eigh differential pressure from too few holes
consumes energy snd adds to the cost of the

| treatment. A calculstion procedure 1s used to

References and illustrations at end of paper.

determine the holes reqﬁired per zone hased on
flow rates ari total cross sectional area of the
perforations. » ’

Radioar vive frac sand and gamme ray trac-rvr
surveys have been used in conjunction with strad-
dle packers to determihe the zones treated. BSuc~
cess ratios calculated as the number of zones
fractured divided by the number of fractures
attempted have been found quite high in 7~€ zone '
wells and still greater in wells with fewer
zones, : '

The method is less expensive than treating
one zone at a time using isolating packers and
is much surer of producing multiple fractures
than simultaneously fracing generously perforated
multiple zones. Continuous multistage fracturing
produces maximum fracture area for a given injec-
tion rate as compared with simultaneous injection
into multiple zones. The multistage technique
also allows use of all the steps considered essen
tisl to good, single-stage treating.

Results of fleld txrials have consistently
indleated vertical fractures. The fracture
orientation has been evidenced by low treating

pressure. gradients. and by gemma. ray tracer surs. | ..

veys.

Field work with radloactive propping egents
provided & means of checking the quality of the
cenent Job after fracturing. What had been
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considered a satisfactory primary cementing tech-
nigue was .found in many cases after fracing to
glve channeled cement for considerable distance
ebove the pay section and showed poor separation
or no separation between zones. The cement pro-
grem in ore field was modified and finally

; included:

1. Reciprocation- during cementing of the
pipe until the top plug bumped.
. 2. Two plugs.

3. Centralizers and scratchers across the
pay.

" 4, sixteen per cent gel-salt fill cement .
with reguler neat to cover the pay section.
5. Turbulent flow of the fill cement.

* With this procedure nearly all of the treat-
ments have been confined to the pay section and
the separation between zones is greatly improved.
Date were determined indicating the spacing
~required between sets of perforastions to prevent
communication during fracing.

Producﬁion date ere presented showlng the
Amprovement obtained with' controlled frac treat-
ments.

The general technique has also been applied
» o acldization of multiple zones.

INTRODUCTION

Frecturlng of multizone wells becomes very
expensive and even prohibitively s? in some wells
"Jdf each zone is separately treated with mechani-
cal devices such as bridging plugs and packers.
Separate treating of this type requires extra
rental of tools, additional rig time, and repeat-
ed charges for the frac trucks.

© A method commonly known sas pinpointl or

limited entry fracturing2 will provide positive
simultaneous multlzone treating, but it disadvan-
tageously divides the injection rate among the
zones belng fractured, resulting in low injection
rates per fracture and therefore limiting fracé-~

: ture extension. The method is also dependent
upon high injection pressure and thus requires a
large amount of pump horsepower. Other methods
using various forms of gels and temporary block-
ing materials have been tried but <they offer poor
control of rracture placement.’

Fracturing several zones in a well by use of
“ball sealers to divert the frac fluld to a new
zone is unrelisble as usually practiced. One
reason 1s the difficulty in determining how many
_-ball sealers to inject. When the well has thick

and thin zones, with s correspondlng veriation in
the number of perforations, it is impossible to
determine which zone treats first so that the
corresponding number of ball sealers cén be in-

"~ Jected. This process becomes more complicated as
the number of zones incresses. Straddle tools,

thet all zones are treated.

_ rate.

lowings
. lated, using the seme small number of holes of

7 enough “[ebout 150 psil to avoid similtanesus” o

flow meter surveys and redioactive tracer surveys|
used to check the effectiveness of this guess-
work approach shows that it results in large num-
bers of unfractured zones.

If multistage treating with ball sealers is
to reduce completion time and cost 1t must ensure
In addition, such
treating must. allow sufficient flexibility to
permit following the requirements of designed
fluid treatments.

The generalized requisites for effective
fracturing are considered to be as follows:

. 1. Trestment of all zones in which stimu-
lation 1is desirable, using sufficient volume to
give optimum economic fracture ‘extension. .

2., Correct type and concentration of prog-
ping agent to produce high capacity fractures. o

3. Effective propping agent placement
requiring svearhead, propping agent fluld, and no
overflush. .

4. Fluld loss control” in spearhead ehd
propping fluids and viscosity control in spear-
head, propping fluid and flush.

In order to meet these reguirements with the
least horsepower it 1s essential that the frac
fluld enter one zone at a time. This will reduce
the chances of & screenout and provide the -
greatést depth of penetration at & given pump

The purpose of the multizopne fracturing
method described herein is to incorporate into a
continuous operation all the requirements here-
tofore possible only in repeated single stage
frac jobs. In most cases of this type, treat-
ment can be conducted down the casing at high in-
Jection rates without large pressure losses due
to friction, but also can be applied through the
tubing if necessary. The method also applies
directly to multizone acid jobg., It has been
repeatedly successful in the Crane,: Monahans,
Victoria, Oklehome City and Hobbs areas of Gulf.
Initial efforts were made at Crane by the local
personnel, but most of the supporting data here-
in were developed at Monahans.

GENFERAL METHOD

In brief, the method consists of the fol-

1. Perforete in acld each zone to be stimu-
sufficlent total cross sectional area-so that
pressure drop at_the design pump rate will be low

breekdown of enother zone.
’ 2. Use a perforsting device which produces
round, burr~-free holes of known size.

- 3. Baged on the most permedble zones, design
a fluld stage consisting of spearhesad, prop-
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carrying fluld, snd prop agent as for a single
zone frac Jjob. If asn acid Job, design an eppro~
priate fluid stage for the zone.

k. Pump the first spearhead and propping
fluid stage as designed, followed immedietely by

-the number of sealer bulls matching the number of

holes in one zone.
' 5. Repeat the fourth step for each stage
except that sealer balls should not follow the
last stage.
‘6., Pump in flush fluid following the last
Underflush for a frac Jjob, overflush for
an acid job.

PR

_ The use of some radiosctive prob,agent with
the usual prop material has been of great aid in

Gdeveloping rules for spacing the fractures and in
- determining when cement jobs allow channeling of

the frac fluids.

The full significance of the above procedure
is not immediately spparent, and the following
items are presented to explain the method and
illustrate results.

. PERFORATING

In order to assure treatment of each and

.every zone in a multizone attempt, perforating

must be controlled in a specific manner. If it
were possible to-perforate each zohne with one
hole large efdugh to accept the pumping rate and

' then drop one ball sealer of the correct size,

this would seal the hole accepting the fluid.

. Pumping pressure would then be increased to the

value necessary to break down the next zone.
This is pot practical, but it 1s possible to per-

- forate each zone with enough holes- to permit pas-
sage of the fluid with & low pressure drop; and

by matching the number of sealer balls with the
aumber of holes in each zone, the same effect can
be accomplished. The most common number of holes
per zone is elght, but the number to be used isg a
calculated quantity as illustrated below.

1. Choose a perforation frictlion pressure.
A small differential pressure or perforation -
friction is necessary to seat ball sealers; 100-
200 psi is usually sufficient.

2. Determine the flow rate per rerforation
that will produce 100-200 psi differentisl. This
mey be calculated or taken from a curve such ag
Fig. 1. Next, divide the individual perforation
flow rate into the total pump rate to obtain the
number of holes required for each zone.

In general, the fewer the number of holes

-used, the less chance of leskage during fracing.
. This favors relatively large diemeter perfora-
tions.

"As an example, for 25 bpm, 150 psi dif~ -
ferential, and 0.6 in. diameter holes, 10 holes

. are required.

It 1s necessary to know the entrance hole .

INS, JR. and 8. C. BERRY

" tralized carrier guns firing as meny as four

. factory; the other has well rounded shoulders. ’

“tubing.’

dismeter produced at the clearsnce the charge

1

will be fired. Hole diemeter may vary consider-
ebly with clearance.6 The service companies
usually report the hole size at 1/2 in. clear-
ance, but they seldom provide a means of control~
ling or firing-the Jet charges at this clearance.,
Nearly all wells have enough deviation to cause
the perforating gun to be against the cssing,
similar to the position shown in Fig. 2. This is
an exemple of & 1-11/16 in. cepsule gun with 90°
phasing inside 7 in. 0D 20 1b casing., Two of the
Jet streams [B and D] will strike the casing at
an angle and produce elongated holes with uneven
burrs which ball sealers will not seal. Clear-~
ance for one-of the jets [A] is so great it may. -
not produceé a hole; the other jet [Cl will pfo-
duce a hole at zero clearance with less dlameter
than normally reported. Although this is an
extreme example, 1t demonstrates the importance
of controlling clearance ard positioning the
charge so that it will be fired normal to the
casing, This can be accomplished by several
methods. A magnetic positioning tool or & mechand -
ical decentralizing device can be used and all
the charges fired in a vertical Iine in the same -
direction. Another method is centralizing regu-
lar carrier guns. A cerrier gun of near casing
diameter does & falr job.  But in any event, the
performance curve or API RP-43 tests should be-
cbtained from the perforating company and evalu-
ated in terms of possible clearance variations in
the well to ensure that hole dlameters are ap-
proximately correct.

In addition to roundness and size require-
ments, perforations should be, burr~free for
efficient gealer ball seating. This 1is evident
from the sketch of & typical large hole perfora-
tion showvn in Fir - 3 and confirmed by recovered
fluid-cut sealer .zlls. To date two service
companies have responded with field equipment to
requests for burr-free jet perforating devices
meeting all the requirements. Both tools develop
holes slightly larger than 0,6 in, and are decen-

shots per ft.in one direction. One develora a
slight ridge on some holes but is quite satis-

Typicel holes from these are also shown in Fig.

3. Sketches rather than photographs are used for |’
- elarity in reproduction.

Perforating in acid is a step that experiencd
in both carbonate and sendstone reservoirs has ’
proven. necessary if all zones are to break down
within the limiting pressure of the casing or
The service companles do not object to
perforating in acid if a few precautions are fol-
lowed. The acid should be well inhibited and -
enough uged to adequately cover the interval.

" Thé remainder of “the hole should be loaded with a |+

clean fluid which will wash the wireline and per-
mit correlation for depth control above the acid.
Correctly spotting acid under more dense salt
water is difficult end the Job is surer if the
water is lightened or the acid weighted with salt
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or Ca. Clp. When this is not done, perforating
must be accomplished quickly before the acid lu-
bricates out of the interval to be perforated..

Tt is possible to use horizontal plane per~
forating for the method. If the shallowest zone
treats first snd is blanked off by the first -
stage of ball sealers, all the remaining stages
and séalers must. pass through the restriction
made by the seated balls. In small glze casing
1t may be dlfficult for the balls to pass through

, the restriction without colliding. However, the
method is feasible and is actually being used
vhere sufficient clearance is available. ,

BALL, SEALERS

Rubber coated nylon [RCN] ball sealers are
recommended in preference to solid rubber balls.
The strength of solid rubber balls is greatly
decreased with small rises in temperature and .
the balls masy fail by shear or by deforming and
squeezing through the holes. This condition was
experienced on & well vwhen a few solld rubber g
balls were mixed with RCN balls. They were
found to have deformed_alm_ost sufficient to pass
through the perforations. However, rubber balls
have been used successfully in low temperature .
wells.

Jet charges fired at the same clearance will
produge entrance holes with some variation in
" size.Y ' Some service companles plot the clear-
ance vs. hole size curve as & band rather than
& line of the average hole gzes. The band will
include the méximum and minimhm hole sizes ex~
pected. When choosing the size of ball sealers
_it is importemt to know the maximum size hole
a;@;:’cs select ball sealers accordingly., Trouble
is’ a.vé;i:ded if the nylon cores are slightly larger
than the hole. ,
A valueble check on the performance of both
~the sealer balls-and the perforating device is
the inspection of sealer balls following the Jjob.
Each ball should be found to be imprinted with
the pefrforation shape. They should show round
impressions of correct dlameter and give no
evidence of having washed out or lesked., This
check may.indicate necessary changes in the
perforating device or ball sealers.

Fig. 4 shows a fluid-cut sealsr ball typleal
of meny obtained from jobs using c¢onventlonal
perforations with burrs. While the leakage pro-
duced by a few of these will not seriously affect
8 Job, more then & few will thief enough fluid to
prevent breskdown or render ineffective treatment
~of the last zones.
| palls from burr-free holes.
free holes often have a ring of impregnated sand

from -3 burr-free hole.

A CONTINUOUS ms_tp_AGE FRAGING TECHNIQUE

Also shown are non~-fluld cut |
The balls from burr-~

grains upon recovery, as shown ~on the second ball

SPM

DEFINING ZONES

Defining a zone for fracturing purposes 1s
usually done from logs and is a simple operation
when the ‘producing formations or zones are con-

" slderably different from the formetions separst-

ing them, such as when clean sands are separated
by shales: However; defining a zone is much more
difficult vhere porous zones contein sharp varia-
tions in porosity over short intervals. In for-
metlons of this type 1t 1s necessary to estimate
the height of vertical fractures.in oxrder to;
détermine the number of entries required to {reat
all of the pay section. The fractures appesr to
extend in general to the limit of an interval oE‘
varied porosity and this then defines a zone of
_porosity. However, if the Zone of porosity is
thick, the fracture wlll not ‘appear to extend
across the whole zone. Entries are then spaced
about 50 £t apart. :

There must.be sufficient dense formation
between zones to prevent the fracture from
extending across the dense formation and to pro-
vide & good cement seal. A ‘rule of thumb" used
by & number of engineers for this distance is
25 ft. Low porosity intervals of five or 10 ft
seldom provide sufficlent separation between
zones to be fractured. Filg. 5 shows communica-
tlon between sets of perforations at different
spacing as found after fracturing in one fileld.
the method of determination was based on the
spread of radloactive sand between sets of per-
forstions. As an 1llustration, the gamma ray-
neutron log from a Devonien well is shown as Fig.|’
6. It pas four zones and would reguire five
entries. Suggested points of entry have been
marked on the log. . '

While there may be some objection to not
pexrforating s porous interval ilmmedlately adje~
cent to another selected for perforating, experi-
ence indicates good wells are produced and radio-
active tracer techniques indicate that vertical
fractures pass through both intervals. In any
event, the overall method/described certainly
produces better spaced stimulstion in the 'well

_than i1s possible with saturation of all porosity

with perforations. Saturation perforating
results in holes in all desired intervals, but
control of frac placement is lost and lerge

unstimulated i_ntervals result,

For an unfractured well to develop meaximum

‘producing ability; most of the permesble interval] .

should be perforated. If a well is to be pro-

duced through high capaci y fractures, these can
be esteblished adequately through s limited num-
ber of_perforations as described above. . Entry inj

“the upper part of the reservolir should be used in|

water drive zones and in the lower part of the
reservolr in gas cap aress. A midpoint should be
used if both gas and water problems are éxpected.
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RADIQACTIVE PROP AGENTS AND TRACER SURVEYS

Extensive use has been made of radioactive
propping agents snd tracer surveys. These pro-
vide information indlicative of the following:

1.  Whether all zones selected were treated.

2, Vertical or horizontally-oriented
fractures. .

‘3. Extent or height of vertical fractures.

4. Communication between perforations oxr to
undesiréd Zones . ¢ N

: Channeling will often differ from vertical

fractures in that the increased radioactivity
will only go one direction from the point of
entry. A short set of perforations will usually
be placed within the boundaries of a porous in-
terval, in which case a vertical fracture would
produce increased radioasctivity both sbove and
below, as shown in Fig. 7. However, when ome or
more sets of perforations are connected by ‘radio-
.activity, the method is not capable of clearly
distlnguishing between channeling through ‘the
snnulus oy vertieal fracturing. Fig. 5, there-
fore, can only be interpreted as indicating the
communicetion between sets of perforations
resulting possibly from the combined effects of
both types of communication, ILogs showing two or
more sets of.perforations conmnected can only be .
* positively interpreted as indiceting & minimum of
one fracture and a possible maximum pumber of
fractures equal to the sets of perforations con~-
nected. Straddle packer tests in a number of
wells have shown that communication does exist
when indicated by radiocactivity.

The geamma. ray tracer log is s continuous
recording of the measured count rate of gemms,
rediation across ed irdterval of a well., The
count rate is affected by [1] the strength of the
source; [2] distance from source of the detector;
{3] the emount of shielding. Shielding is pro-
portional to the density and thickness of the
material between the source and the detector.
-Radiation at the strength used in fracture treat-
ments can only be detected for a short distance
of sbout one foot in fluid and even less when
shielded by casing, cement and formation. For
this reason the radioactivity in & zone should
not be interpreted in terms of the quantity of
frac f£luld injected nor taken as a measure of the
depth of frecture penetration. Howevér, it is of
interest that through a fractured zone the radio-
activity tends to increase with porosity, indi-

- cating possibly that more prop agent is retained
in, higher porosity stresks.

_The following-procedure is recommended 88 & |

| “guide to obtaining good tracer logs:

) 1. Use radloactlive material throughout the
entire fracture treatment st & concentration of’
no less than 1 mc of iridium 192 pexr 1,000 lbs
of send or 0.2 me Zr.Ni.95 per 1000 lbs of sand.

- respond. properly.

2, Underflush to prevent flushing the RA
nmaterial too far from the well bore for detec-
tion.

3, Circulate the hole to remove suspended

_fide radioactive particles and remove fill up.

4. Iog at the same speed, time constant and

"-sensitivity as the original or base log. A pepeat|,

log under these same conditions will verify that
the tools are functioning properly and that the

hole is free 0.’ suspended fine RA particles.

A radloactive tracer can be changed by Jlog-
ging speed. A speed of- 20 fpm is preferred for
both the original and trecey surveys. A scintil-
lation counter is. preferred to less sensitive
through-tubing Geiger counter tools.

Tracer surveys and radiosctive prop ere
recommended for at least a few wells within a.
field to obtaln a better picture of the treating.
pattern. After the pattern is ‘established, the
cost may not be justified for all wells. How-
ever, the cost couly he greatly reduced by run-
ning the radiocactive propping material in'the
frac job.snd logging only when the well does not
The technique can be extremely
valuable in determining the need and direction of
workover attenipts when it indlcates chanmeling to
higher or lower intervals containing gas or

‘water.

PRIMARY CEMENTING

A-'sound primary cement Job is critical in
well completion .and stimulation. If the cement
does not provide dsolation betveen sets of per-
forations, one zone will fracture initially in

smultistege attempts and subsequent stages will

feed through channeled cement into the same frac-
ture. Or worse, & fracture will occur &t some
undesired zone well outside the interval selected
for tregtment. In some instences abnormal gas or
water production may indicates this condition;
but more often the production results are poor,

-and due to the many uncertainties involved, are

unrecognized as such., AYl these points were
clearly illustrated in multistage fracturing in
the North Ward Estes Field at Monazhans, Tex.

The three density logs shéwn on the left of
Fig. 8 were obtained from three wells during
early attempts at continuous multistege frac-
turinga' On these logs is indicated the extent of
travel of radloactive send vhich was obtained in
the menner described in reference to Fiz. 7. The
frac fluid and prop are czhown to have’ “raveled as|
much as 150-200 £t above the Queen zand and all

sets of perforations communieated, indicating few}
 1f any frectures occurred - in the -pay,

of 14 wells, six had very similgr results. This

. clearly showed that the multistage attempts were

failing due to inadequats primery cementing.

Primary cementing practice was altered and :
the final procedure included:
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1. Centralizers at about 30 £t spacing.

2. Two cementing plugs.

%. * Reciprocation during cementing until the
top pluges seated.

k., A volume of flush cement consisting of
16 per cent gel cement with 0.2 per cent ‘retarder
pixed into water_with 2 per cent predissolved
sodium chloride.

5. Neat cement across the pay.
6. Scratchers across the pay at 10 ft
spacing. :

Ttem 4 provided an economical flush volume
cement with exceptional flow properties, allow-
ing easy establishment of turbulent flow. Prac-
tice at the time the first three logs in Fig. 8
were obtained did not include Item 6, and recip-
rocation was done only uatll the cement reached
the bottom of the casing.

. 7 'Te three density logs on the right in Fig.
8 show. the dramatic results in three wells typi-
cal of almost all logs from a large nuﬁber of
subsequent wells. Frac gand travel outside the
Queen send was eliminated and there was separae-
tion betweén most sets of perforstions indicating
nultiple fractures were produced.-

_ The by-passing condition would have gone
unrecognized and uncorrected without the use of
radioactive sand. and tracer techniques, and the
miltistage fracturing procedure would have

appeared to be much less successful.

RESULTS

Probably the most essential measure of suc-
~cess for & continuous multistage technique is the
" per cent of the zones attempted that are frac-
tured. The.best indlcations avalleble in quanti-
1y are the radiocactive trécer surveys; but as .
stated previously, when more than one set of per-
forations are spanned by & single Interval of
increased redloactivity, there is no sure deter-
mingtion of the number of zones fractured. The
number could very from one to as meny as the num~-
ber of sets of perforatvions spanned. Fig: 5
clearly indicates that by arbitrerily increasing
the spacing between sets of perforstions, the
number of unspanned sets would decrease and the
number of zones fructured would be more clearly
defined. However, this is at the cost of omit~
“ting attempts to fracture some of the porous

* intervals. In the wells studied the number of
gsets of perforations were often reduced [spacing
increased] on the premise that radiosctivity
from one.set would indicate a vertical fracture
extending across the interval covered by two

| . close sets, but this was not done to the extent

-of ‘attempting to-eliminate all-spanned setsi -
Zones without increasse in radiocactivity are
easily recognized. On this basis the latest six
wells from which logs were closely studied show
24 zones attempted, one clearly missed, and frac-
tured zones ranging from & possible 14 to 23, or

-number of wells in & single reservoir as observed
- EXAMPLE: PROBLEM -~

-to ald in understanding the foregoing discus-

58 to 95 per cent of those attempted. Again, the
reason for the undetermined number of fractured
zones renging from 14 to 23 is due to several
zones being spanned by increassed radioactivity.

If the same froctures had’ been attempted one
zone at & time, with bridge plugs and packers to

“1solate the perforétions, the seame difficulty in |-

determining the number of fractured zones would
hgve existed. In other words, the possible low
ratio above is & result of decisions on perfora-
tlon spacing rather then a fault of the methed.
Where zones are separated by 45 £t or more there
is reason to believe /sthat 100 per cent of the
zones would be consistently fractured by the-
method presented, assuming good cement Jobs end
no extreme, unusual clrcumstsnces.

The final measure of any treating process is
the oil produced, but production data on enough
wells to glve relisble comparisons is dffficult
to obtain. Jarge numbers of wells in the North
Ward Estes Field have been fractured in the Queen
sand during the past year. All these were
attempts at multistage fracturing, but the wells
compleﬁed during the last six months have been
Intensively studied with the view of-more’ effec-
tively controlling the frac placement. The study
quickly indicated the need for improvement in
cementing, and the changes described were made.
Improvement in perforating in acid helped hold
breekdown pressures to within pipe strength
limits and burr-free perforations gtopped’ sealer
ball leakege. These improvements showed fewer
missed zones and should be reflected in lhcreased
production.

The production from ten recently completed-
wells has been. compared with 17 on strike offsets
completed prior to the changes described, Com-

parison of the”inltlal potentlal tests shiows the |

new wells have a 3.5~Pold increasse over the off-
sets. Water production is less by 25 per cent
and the decrease is probably due to confining the
fractures to the desired formation.
4 K

This method of multistage treating bas been’
used successfully in & number of other reservoirs
in the Permian Basin, and especially near Crane,
vhere the basic method was first tried several
years ago., It has also been used in the Darst °
Creek, Como, and Pittsburg fields of Texas, and
several other fields in Oklahome..
ciples have been successfully used in multistage
acidizing. ~However, these scattered treatments
d41d not provide the direct comparison of a large

in the North Werd Estes.

The following example problem is presented

sions.
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Conditions

D = 3160 £t. U-1/2 in., 9.60-1b J-55 casing|
to TD. Casing loaded with drilling mud used to
- displace cement. Treating volumes were calcu~
lated for each zone from core fluld loss test
data to create 70,740 sg £t of area on one sur-
face of the fracture. All the treating fluld,

i.e., spearhead and prop fluid, to be 10 ppg salt ”

water gelled with 40-1b/1000 gal of gusr gum and
mixed with 40-1b/1000 gal silice flour for fluid
loss control. Spearhead volume per stage is 8000
gal and prop fluid volume is 12,000 gal mixed
with lppg of 10-20 mesh sand. Desired injection
rate is 25bpm. Treating pressure gradient from
nearby well is 0.80 psi/ft. Fig. 9 is & gemma

ray-~neutron log of the pay section with the ‘bhree .

“basic zones marked.
Procedure

1. Run tubing open ended, displace mud from
hole with salt water, and spot 300 gal of inhi-
bited 15 per cent hydrochloric ecid from botiom, -
then pull tubing. 500 gal = 44O £t of £i1ll up.

2. Perfora.te in‘bervals 2911-2915—1/2 2981-
2983-1/2, and 3085 3085-1/2 with 10 holes each
and in the-order'listed. Use 3-5/8-in., OD steel
carrier gun decenft lized and loaded uni- »
directionally With fpur 0.6-in. burr-free charges
per foot. Meximum hole size expected by normal -
variation is 0.65 in. Rubber coated nylon ball
sealers of 7/8-in. OD having & core diameter .
greater than the maximum hole size will be used.
The perforations per zone s determined by using
150 psi A P 1o seat the ball sealers, and by
referring to Fig. 1, a plot of A P vs. flow. rate
per hole. From the graph is read 2.5 bpm per
hole at A P =150 psi. An injection rate of 25
bpm is desired, so lO holes per zone will be Te-
gulired. .’ .

3. Treat down the 4-1/2-in. casing, using
the fo;lowing pumping schedule:

Stage 1i

A. 8,000 gal of above described mixture for
spearhead a.t about 25 bpm.
: B. 12,000 gal of the mixture with l PPE
of 10-20 mesh sand at 25 bpm.
C. Inject 10 ball seaslers in the last
of the 12,000 ge.l with sand.

Stgge 23
‘ Repeat all three steps of Stage 1. -~

- St g _3:.; . ._.,.___T.. _7_:1... L

A, 8,000 gal spearhead
B. 12,000 gal with 1 ppg 10-20 mesh sand
C. Underflush by 2 bdbls with 45.5 bbls
salt water mixed with 10-1b/1,000 gal of guar

CONCLUSTONS -

gum to reduce friction.

Notes:

1. If a tracer survey is desired, the
frac sand would be radioactivated. The hole
would be circulated clean as Step 4 in the
procedure and the gamms ray log obtalned as
previously déscribed, This would also permit
retrieving the ba,ll sealers and inspecting
the "seat marks" to determine hole size,
shape, - burr condition, and the number of balls
that had been seated.

2. 'The surface treating pressure
expected during the treatment may be ecalcu-
lated as follows:-

B (B HD)4RAHR By = (0. 80x3000)+220+150 -1560

1210 psi

where Pg = bottom-hole treating pressure
gradient, psi/ft

depth, feet -

friction pressure, psi [obtained from
frac company handbook]

hydrostatic pressiure, psi -

pexforation friction presshre

. Hydraulic. horsepower requlired will

D
Pp
r . &
Pp

be: . 4
BgR 121025

Z0.8 ~ “40.8  ~ 740

HHP =

R = rate, bpm

1. -Multistage ball sealer tresting is an
economical end practical method of fracturing
multiple producing zone wells provided the pre-
cautions outlined in this paper are followed..

. 2. Multistage ball sealer treating as
described allows the use of all the essentlals of
good hydraulic frecture treating. . . i

'3, Radioactive prop additives and tracer
surveys are useful in evaluating the results
of multista.ge treating, in refining the applica-~
tion in & perticular field, and in determining
the quality of primary cement job subjected to
fracturing operations.
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