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An overview of SPE paper 71639:
Field performance of
propellant/perforating technologies
to enhance placement of proppant
on high-risk sand-control
completions

Kent Folse, Halliburton Energy Services

eveloping new applications for the StimGun™ scenario could improve proppant placement, cost
Dassembly has been a priority. Typically, a new efficiency, and safety.
application will increase well productivity or The entire SPE paper 71639 is included in the
reduce costs. Halliburton, with customer assis- Appendix with due recognition to the Society of
tance, has successfully developed a new applica- Petroleum Engineers for allowing its republication. #

tion for improving frac-and-pack treatments that
improves production, reduces costs, and increases
safety. “SPE paper 71639: Field Performance
of Propellant/Perforating Technologies to
Enhance Placement of Proppant on High
Risk Sand-Control Completions” by Kent C.
Folse, Richard L. Dupont, and Catherine G.
Coats, SPE, Halliburton Energy Services, Inc.,
David B. Nasse, Shell Offshore, Inc. present-
ed at the 2001 SPE Annual Technical
Conference in New Orleans, Louisiana, is an
excellent example of the benefits for cus-
tomers of assisting in the development of
new applications.
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Traditionally, proper frac-and-pack prop-
pant/sand placement was difficult in uncon-
solidated formations with long, highly devi-
ated, highly laminated intervals with
extreme permeability variations. To ensure
that the low permeability intervals accept
fracturing fluids and proppant during treat-
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ment, a Gulf of Mexico operator used the "5-5.
StimGun™ assembly to break down the per- ]
forations prior to the fracturing treatment. ‘-3
The tubing-conveyed perforating jobs were _'5’

completed in a balanced condition with
only the lower quality intervals being stimu-
lated with the StimGun™ assembly. Two very

detailed case studies are presented in the | o] G B
technical paper. It was concluded that com- _

bining propellant/perforating in a balanced  Spectral gamma ray log documenting improved proppant placement.
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Abstract

The combined wse of propellanis and perforating for
production enhancement 15 nol new (o the petroleum industry,
especially for natural completions in competent formations.
When used together, the propellunt is shaped in the form of a
cylindrical sleeve that is positioned over a typical scalloped
perfornting carrier o combine the perforating and stimulation
procesaes into one step, The perforating event is performed in
gither an under-balanced or balanced comdition, folbowed
immediately with the extreme over-balance or rapid-gas pulse
generated from the propellant burn. This technique provides
an effective method o ensure that all perforations are
sufficiently broken down with the fracturing 1o accept erther
produced o injected fuids,

This paper will review o new application for the combined
propellant [/ perforating technigue that has been successfully
used in unconsolidoted formations i the Gulf of Mexico,
The propellant / perforating techmigque was wsed 1o enhance the
placement of proppant during frac-and-pack treatments while
perforating in a balonced condition,  The propellant [
perforating technigue was used on several formotion bypes;
1.2, bong intervals, highly devisted, and highly laminsted with
exlreme permenbilily comrosts, that would radiiomally be
deemied as high risk lor proper sand placement. The propellant
sleeves are positioned across the lower qualily poriions of the
intervals with low permeability and resistivity o ensure that
the perforations performed in these intervals are broken down
i accepl fracturing Muids and proppant dusing the fracturing
treatment consistent with the entire treated interval,

Two case histories from a major gulf-of-Mexico operatos
will be presented and will discuss the steps that led this
operator o use this  propellant/perforating  technique o
overcome samd placement problems (screensuts),

In the case historics presented. it will be shown that that
this techmigue s effective in both  underbalanced  and
overbalanced perforating situations,  With the trend in the
indusiry fo reduce cycle time, (he elimmation of the
underbalance/surge process (o ensure clean perlorations and
all the associated rig ime in obliining control of the well
following the surpe are seen as opportunities for rig-time
EANITHES, It has now been proven thal  combining
propellant'perforating in a balanced scenano can also offer
cost efficiency and safety when used as a near wellbore clean
up tool fior pre-frac preparation.

Introduction
Propellants have been avadlable o the industry for many years
and have been used in a vanety of applicatiions, primarily o
the United Statex, Canda, China, and Russia, Review of the
literature”"" reveals the variety of applications in the industry
where propellants have been used along with the degrees of
success attained in these applications. The concept of using
the propellants in combination with the initial tebing-
conveyed perforating (TCP) to enhanee the placement of
proppant during a frac-and-pack completion, however, is a
ncw application for the oilfield

The standard practice, when perforating unconsolidated
formations in preparation for a frac-and-pack completion, is to
perforute with a high-shot density, big-hole-shaped charee
an underbalanced well condition o surge the perlorations
clean, It is generally pccepied that the perforating event m
itsell is a damaging event to the surrounding rock matrix and
that underbalanced perforating serves 0 back Mush some of
this damaged or crushed formation material along with any
residunl perforstion debrs from the shaped charges, Sewveral
studies have been performed o characterize H":: degree of
damage anributed 1o the perforating event, ™ and further
research has been conducted on optimizing the degree of
underbalance ™" w0 opiimize perforation efficiency, The
problem with having to complete relatively long perforated
intervals in deviated wellbores with incompetent formations is
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the potential for sanding up the TOP assembly.  Therefore, o
mitigate the msk for having to perform a Gishimg job o retricve
the TCP asscmbly, the underhalance s usually  eeduced
sigmificantly or wHally climinasted o perforate m a balunced
condition.  Eliminution of this instantancous serge following
the perforation event can result in the entire interval not being
treated uniformly during the (rac and pack. amd thus, less ihan
oplimum perlotution elliciency. Studies perlormed by Blok et
al™ and Spider ¢ al™ revealed the detrimental affecis that
shaped chorge perforators have on aliering the lformuation
charactensties anad the creation of Ones genemisd in the
vicimity of the perforntion wnnel. When this occurs, some
type of remedial treatment such as underbalance surging of the
perforations, additionnl back-surge trips. flow festing the
interval priod to gravel packing, or posi-perforating acid wash
following perforating will be required ahend of the frac-and-
pack operation,

This paper will discuss cases where balanced perforating
has been performed and propellant sleeves positioned to
selectively break down perforations during the frac and pack
that might otherwise mot be treated withon the aid of
underbalonced perforating.  The condidate wells contained
long, deviated imervals in excess of 100 fi with extreme
permeability comtrust or were highly lamimated,  Theme have
been many papers published ™= 10 evaluaie the factors that
influence the design of a successful frog-and-pack application,

When atlempting o complete these types of intervals,
many operators choose o brepk the zome into smaller
treaiments o cnsure elfective stimulation and Mow agsuremee,
Oihers atlempl W fra¢ and pack the entirg interval although
aware of the fact that there 18 potential risk [or & premotuee
sereen-om, lesding o on umstable gravel pack with voids,
capecially when the higher permeability or thiel some is
losctesll 10 the upper portion of the miberval. [n thas situstion, 1
is not uncommon (o mn screen sections with flow tubes
mounted 1o the extenor 10 allow for a cireulating pack should
the proppant screen out prematurely at a pode located across
from the higher permeability or leak-off zone, These ypes of
formations can be effectively perforated balanced with the

assistance of propellants, thus allowing performance of
effective frac-and-pack treatiments,

Propellant-Assisted Perforating

Propellants are defined as oxidizer materials that deflagrate as
opposed o explosives that detonate.  Detonation propagates 3
shock wave through the explosive, wherens deflagration
chemically hums the material. The primary end product of the
propellumt burm process is the creation of gh-pressure carbon
diowide gas and water vapors,  The combustible gases and
watker vapor along with the well Muids are rapiadly imjected into
the newly ereated perforations on g rate scale several orders of
magniiude grester than can be schieved through conventional
pumping operations. Since the wellbore Muids wall be injecled
inde the Tormation during the perforotmg process, b s,
therelore, important that the selection of the wellbore Nuids e
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comsidersd carelully w avoid formation damage due ts Tuid
miompatibilities.

The principle of the propellam stimulaion is simple: & the
perforating gun is detonated the shoped churpes penetrate
through the scallops causing the propellam sleeve W Tracture
into muny smaller picees as described by Gilliot ctal,™  Fig. 1
tllusirales a typical propellant sleeve and perforaling gun
conligurition for o TCP application. The propellant burns o &
lunction of pressure, temperature, and available propellant
surlnce aren exposed with the shaped charge providing the
nEceRsary ignition source. The generaled gas pressure pulse is
usually sufficient 1o overcome in sifu stresses 10 creale ond
extend shoet fractures from perforation tunesels in a cased-hole
completion. 11 15 conceptualized that all the perforations wall
be broken down regardless of charge phasing: however, ai
some point, the only fractures that will propagate are the
perforations aligned witly preferred siress planes.  Pressure
pulses ranging from 5,000 to 30,000 psi are attained withina |
to L0 s g regime, followed by a decay tail associated with
expansion, cooling, and flow into the perforations and
fractures, The loading rates and peak pressures are lower
compared o explosives but significantly higher than those
attained in conventional hydraulic fracturing. Peak pressures
il burm charucteristscs of propellunt tools are dependent upon
wellbore  diameter, geometry, perforation  anca,  Tosmation
propertics, amd confining flud compressibilin,

In the past, propellant trestments were designed based on
experience and ficld observations,  The availability of u
computer  model and  high-speed  pressure recorders (o
desenbed by Schate ef o) hos volidoted thas lechnology,
greatly  enhancing  the understanding and  reliability ol
propellant /- stimulatien echmigques,  Propellan-assisied TCP
has been applied in many coses in cither balanced or
underholonced conditions, besding 1o gero o shighlly negative
skin completion responses in most cases.  Whisonant and
Hall™, Miller et al™, and Van Batenburg et al™ describe
successful applications of propellamt techniques as a pre-
hydraubic  fracture  perforation  breakdown  method  in
competent formations,

Case Histories
Two case histories from Gulf of Mexico completions are
presented to illustrate the application of wsing propellant-

psisted perforating techniques to enhance the placement of
proppant during frac-and-pack operations with balaneed TCP,

Case 1. The case-1 well was a 7-53/8-in. side-track of an
existim pas completion,  The side-truck was o be i the same
song (17 Sand) in an sdjacent Gl Block, The “T7 sand was
well characterized m the paremt wellbore. (see Table 1 for o
summary of well infiou) A resistivity/gamma ray bog gencratad
Towr the 1™ samd, as shown m Fig. 2, reveals that the upper 40
i of this gross interval is a high permeability (+/~ 300 md) and
higher resistivily samd section.  The resistivily/gamma iy log
shows that the remainder of the sand is highly laminated with
lower quakity (+/~ 50 md) omd resistivity poy. Based on the
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cramination of the nesistivity/gamma ray log, the completion
team determined that the probability of effectively  Fristure
treating this lower-guality sand was low unless some other
remedinl step was poerformed to ensure that these perfosations
wondld aceepd  fracture  fluids and  proppast during  the
treatment,

The wam made the decision o evaluate the eflectivencss
ol the propellant-sssisied perforating fechnigue 10 provide
perioration breakdown across these lower-guality sand streaks.
The mpul paramelers Hsted in Table 1 were used Lo design ihe
propellani-assisted perforating treatment using the computer
model discussed by Schatz et al”. Based on computer
sinulation resulis presented in Flg. 3, the propellant was
strategically placed across the sand sirenks. Table 2 shows the
specific locations where the sleeves were positioned on the
TCP gun system. 1t should be noted that computer simulation
was weed to determune the maximum pressuses that would
theoretically be observed at the sump packer positioned at o
depth of 9,471 fi. The purpose of using simulated pressure ai
the sump-packer depth was to determine the length of
propellant sleeve that could safely be used on the botiem gun
so that the sump pocker sssembly would not sustain pressure
damage.

The TCP assembly was run indo the wellbore with o full
column of seawater, and the guns were positioned on de
with o mechumicnl indication from the sump pocker,  Offsei
“T" samd eompletions had previowsly boen TCP'd with a
stundard wnderbalonce TCP assembly that included n miosi
cascs a refricvable  packer, below  packer  safety  jodnt,
cireuloimg valve, secomdary cireulating volve, underbolomee
valve, and pressure gauges. On this particular job, since the
well was 0 be perforated balomeed, oll the reinevable 1est
tools mentioned above were eliminaled from the assembly.
Thas generated o direcl cost soving 1o the customer as well ps o
saving in rig-time costs associnted with having to make-up and
break-oun the pssociated tools, Afler the guns were positioned
on depth, a perforating bar was dropped to detonate the
mechanical finng head. A clear indicotion of guns finng was
observed af the surface with a -+~ 300 psi pressure spike at the
surface choke manifold, Adter finng the guns, the well was
observed for fluid losses, which were recorded as being less
than 4 bblshr initially, One tubing volume was reversed-out
and fluid boss dropped o zere; at that point, the TCP guns
were pulled out of the wellbore, Another rig-time savings was
captured by use of this TCP mn versus the traditional
underbalanced perforating of offset wells that routinely require
at least one HEC pill to be spotied o contrel fluid losses to the
fermation,

The mext step in the operation was o pick-up the gravel-
pwck pucker, washpipe and screeniblumk assembly, A spectral
gamnm ray memdary-logging sl was run in place maumed on
the e ol the wishpape, omd the varous stages of the Trac job
were lagged with different  isotopes o determine  Muid
mawvements ond proppanl placement seross the interval, The
sercen lengih in this case was 193 [ with a d-gauge screen.
Aller the packer was sel, o pickle consisting of 110 gals of

S
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dope buster, 300 gald 13% Fe acid and 10 ppg CaCly Tor
displucement were pumped down and reversed-oat B ensure
clean  whulars  ahead of  the  frac-and-pack  operation.
Following the pickle job, an acd job consisting of 4 06 guls
of 10%% Fe seid was pumiped imto the frmation a1 a rae of |
bhlumim,  As shwn in Fig, 4, no formation break back or
improvement of injectivity, which would have indicated that
the perforations were domaged from (he balanced perforaling,
were showi

Following the ocid iresiment, a mimi-fra¢ wos pumped ai
an average rate of 20 hblunin with 8400 gals of 25 Th'Mgal of
gelled fracture uid,  Mini-froc resulls indicated a closures
pressure of approximately 4,624 psi and Auid efficiency of
1¥%. Bosed on mini=frac results, the fac job pad was
increased by 12,600 gal, The main frac-amd-pack treatment
{shown in Fig. 5) was pumped ol 0 moamum rale of 20
Bblymin with a live annulus. A total of 170215 Ihs of 5070
sand was pluced into the formation with a concentration of
LOTT Ikmifi. A net pressure increase of 775 psi was observed
on the annulus, and o screen-out had to be induced by
dropping the rate o 3 bblynin with | bblimin retwrns at the 10
ppe sand stage of the formation. A re-siress of the pack
indicated the Blank coverage to ba 58 fi.

As the washpipe was pulled out of the sereen sssembly, the
zone was logged with the spectral gamma ray memory Bl
Fxammation of the bog n Fig, & shows that the Se-26 (yellow)
tracer used inothe 1-9 ppg stage is clearly evident seross all the
perforwtions and appears 1o have higher concentration directly
ahove the sump packer. The Ie-192 (red) tracer was spolied
eurly in the ppg proppemt stage and 15 represenled ocross
the entire interval. The Sb-124 (blue) tracer wos spotted lae
in the 10-ppg proppond stage omd shows that even al the end of
the iresimend. the lower qualily sand members are accepling
the proppant,

The well was placed on production for coe month, and
after several chobe chonges were made, a stabilized rate of
0,452 MMA'D BOPD, and 20 BWPD was achieved. (see
Fig. 7 for complete producton hostory.] A pressure transient
analysis was perfoemed on a busldup surwey that was
conducied approximately one month  after  star-up  of
production on this well. Review of resufts in Table 3 for the
diagnostic plots presented i Figs, 8 tol0 show o well with
significant wellbore siorage effects that mask any early-time
lingar flow that would be charactenstic of fracture flow,
However, at late times, a half-slope is observed on the
derivative  log-dog plot and 5 matched with a  finite
conductivity frocture model. A mte-dependent skin factor was
ingorporated mits the analysis echnigque o facior oul sny non-
Drarey Now effects, The results of this amalysis reveal a well
with mimiminl mechamicsl skin effects dominmted by wellbore
sorage and skin effcets stiributed 0 non-Tharcy Bow oF
lurbulenee,

Case 2, The Case 2 well is o completion in the “3” sumal, which
is a highly laminated oil-bearing formation as shown in Flg.
11, The objective of wing propellani-ussisied perforating in
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this case wais 1o inftizie good perforation breakdown scross the
lower-resistivily pay scetion from 13270 /oo 13300 A,
Complete well information for Case 2 is shown in Table 4. A
computer made] simulation was perlosmed (as shawn in Fig,
12) w evaluste the effectiveness of the propellant treatment
and identify any potential hazards with this operation,  The
simulation predicied fraciwres on the order of 3 — 4 i with a
prak pressure of 19 (66 psi,

The TCP assembly was run into e wellbore with a 1wl
columm ol seawuter and positioned on depth with a mechamical
indication from the sump packer. The well was perforaied ina
balanced condition with no Mwid Ioss reported, and the guns
were retrieved without incident. The next step was to pick up
128 1l of S-gauge screen and run 1o depth.  After setimg the
gravel pack packer, a pickle was pumped o conditon the
tubulars ahend of the acid ond main frac treatments. An acid
treatment consisting of 3360 gal of [ 5% HC1 was pumped at a
final rate of & bbl\min. Review of Fig. 13 did not show any
responae (o the acid, and & step-rate test was conducted o
determine the frocture gradient of 0.46 psi'ft.  Following the
acid treatment, a mini-frac was performed to determing the
fluid efficiency ot 24.5% and closure pressure at 5,950 psi,
The main frac {(as shown in Flg. 14) was pumped at a
maximum rade of 20 bhlmin with o Bve annulus, A& fotul of
67,582 Ibm of 070 sand was placed ino the formation with 4
concentration of 735 lbm/fl, A net pressure of 00 psiowas
observed on the annulus, and a sercen-oul had 19 be induced
by dropping the rote to 2 bblmin with 1.5 bhlmin regums ot
the [0 ppg sand stage sl the formation.

The well wis ploced on production and schieved a
stabilized rate ol 1,325 BOPD. 1,497 MMi'/D, and 7 BWPD
a5 shown in Fig 15 A buildup survey was perlormed
approximately 3 months alier commencing production of this
well, Heview ol the bubdup diagnostic plogs m Figs. 16 to 18
reveals a well test completely dominated by wellbore storage
and skin effects.  Withoat the absence of any linear fow
regime associated with fracture flow, a radial flow model was
assumed o estimute parameters for permeability and skin
factor. The analysis resulis in Table 8 indicate a completion
with significant skin elffects and relatively low permeability.

Discussion

The case histories presented illustrate a method for selectively
breaking down perforntions in preparations for froc-and-pack
treatments.  Ahhough the benefits of the propellant-nssisted
performting may ot repdily be obvions, the histories presented
indlicate that the meod for underhalanced perfosating was not
required For the partcubor sends under study,  Eliminstion of
the need o perform underhalinesd perforsting can resalt in
reshuced completion evele time by 1) reducing the number of
tmpls in the TCP string and 2) climinating the time spent on
botom circulating owl hydrocarbons and spotung Tuid-loss
pills. The mosi obvicus indication of the bepelit of this
tlechnique was the evalustion of the spectral gamma ray log
that waos run on Case 1, which clearly shows that sand
placement is allained seross the enime anterval where e
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propellant is positioned.  The other benefit from wsing
propeflant-ussisted perforuting on sund-controd completions s
the additional perforaton exiension. Typically, most kig hole
perforators predict formation penetrations on the order of 3 (e
6 inches inte the formation.  The propellant serves w break
down these perforstions, wnd i this case, the computer
miedeling predicts freciures exiending oul past 3-1/2 i, This
may become impordant i hobe washowls are present with
cilarged cement sheaths. To date, a tolal of four propellan-
pesisled perforating jobs have been perlommed n the T and
“17 samids with similar results, Examination of the pressure
transient onalvsis on these case histories shows that m order 1o
properly evaluate these types of completions, it is pecessary (o
perform downhole shut-m’s to elimimate wellbore storage
effects that mask any linear Mlow associated with the fractures.
For future optimization of these types of jobs. 1l is
recoqnmended that high-speed pressure recorders be run 1o
further validate the computer simulations, i 1s important to
note that aftempes o run the high-speed pressure recorders at
the time these jobs were performed were limited by available
gauge O and the presence of a sump packer below the gun.

Conclusions

s Propellant-assisted perforating i3 an effective method 1o
achieve pertoration breakdown

# Sclective perforation breakdown can be used o dreal
specihic seotwms of perforated infervals that would mwot
otherwise accept Nuid and sand

o Selective perforation for sand placement has  been
validated with spectral gamma ray logs

* Balanced perforating in combination with propellants has
resulied o completion  eMewencies smilar w0 those
generated im olfset wells shot underbalanced

= Halanced perforating reduces time spent on bottom with
TCP guns by eliminating reverse-out of hydrocarboms und
provtential Muid loss.

Nomenclatuire

HHF battomhele pressure, peis (Bopod

BHT bottomhole temperature, °F (°C)

P anibial reservionr pressure, peo (kpad

[ MNowing botlombole prcssure, psia (Kpa)

k permeeabilaty, md

[ wellhore slorage consiant, bhl/psi :rn"'."l-s.'.pn]n
5 skin [actor dimensionless

AP pressure deop due to skin factor, psia (Kpa)
5 apparent skin facior dimensionless

AP i pressure drop due o apparent skin factor,
psia {Kpa)

X, fractuse half-length, fi (m)

" productivity index, bbl'day/psi (m'doy/Kpa)
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Table 1: Case 1 General Well Information
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BHP i} |
BET ("F) | 1786
Permeability (md) | 100
aroainy () 25
Wioumy's M odulus (0.
LES psi)

Table §: Case 2 Pressure
Transient An:lrsl:

Fi 3,256 psia & 13,301 #
P 2,226 paia g 13,500 fi
kh 3,220 md-1t_

k 51 mud

C 0.0152 STR/psi

5 [T

Alskin G69 paia

Gas Rate || Miscfid

il Rate 1,325 byd

Pl 1.286 bhlidday psia
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SPE 71635 PROPFANT O HIGH RISK SAND-CONTROL COMPLETIONS T
Tabla 4; Casa I Ganeral Wall
o '"'“"_"“,,““J_ . Radioactive Sub
Well Type a_IL'I'iI
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L‘hargssﬂﬂ-l =(.5™)
Fottorn Shoa (A0 fiy | 13,332
Well AHE_EHBLETE "
Cirovss, ay (MDY £ o2
Pt Pagy (TV ¥ £} 145

Venting Device

Tubing Release

TCP Firing Head

Centalizer Tandem

Scalloped Perforating Gun
Retainer Collar

Propellant Sleeve

Ratainer Collar

Centalizer Tandem

High Speed Recorder (Optlional)

Fig. 1 — Typical propellani slesve and parforating

gun configuration for a TGP application,
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SPE 11638 PROFPANT ON HIGH RISK SAND-CONTROL COMPLETIONS 8

Fig. 3 — Casa History 1 Computer Simulaticn
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Fig. 4 — fAcid Treatmant for Case History 1
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100,000 =
r-l-—-—-rl"--"-"" e RS o
J'
10,000 ¢
1
. e
1,000+ =
100

| I 1 1 I 1
81200 1071/00 11/20/00 1801 2/28/01 4/18/01 Ba/01 7128401
—— THP (psi}] == Choke (/§4") ==- Gas Rate —SBHP

Fig. T — Casa 1 Production History

1E+1D

TE+G

TE+B

TE+T |

"F
.,-‘1

TE+E

| N : .
: | k| s ——

TE+E T Ve
TE-& 1E-5 1E-4 1E-3 0.1 Qi 1 e 100

dmip} and dmip)’ [psiicp] vs [hr]

Fig. 8 — Derivative Log-Log Bulldup for Case History 1

StimGun Technology

183



SPE 716349

12 F.C.FOLSE. AL DUPONT, GG COATS. AND D.B. NASSE
6.2E+B {
+* Ir
BE+B
5 AE+B i
;.
56E+E ;
54E+E L J I
" 8 5 4 3 2 A
Fig. 9 — Semi-Log Bulldup for Case History 1
3000+
2000-
2800+
BE=4
270
15000
MT ———mmeman rrs s a e . ———— -
T f T L I !
725 T 72T T8 728 i
Fig. 10 — History plot drewdosn/bislidup for Case History 1
StimGun Technology

184



FIELD PERFORMANCE OF PROPELLANT { PERFORATING TECHNOLOGIES TO EMHANCE PLACEMENT QF
SFE 71634 PROPPANT OMN HIGH RISK SAND-CONTROL COMPLETIONS 13

3
-
=
=]

ik

1“ - ......

Fig. 12 — Case History 2- Computer Model Simulation
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