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ABSTRACT

The broad application developed for Lynes packers de-
rives primarily from the unigue inflatable sealing element.
Criginal development, and one of the mast successful appli-
cations, was Jor effective packer sealing in open fole. Use
af the puckers has since expanded to inciude seaiing in
casing and tubing. ‘

There are four principal tvpes of Lynes inflatable pack-
ers, gach having special advantages. They include: 1) pro-
duction-infection packer (PIP); 2) siraddle packer; external
casing (ECP) packer; and 4) impression packer.

Each type of packer has found successfil application in
solution mining. The PIP and Straddle packers are widely
used to pacie-off in open hole for hydrauiic fracturing, par-
ticularly where desivable to isolare and provect the ce-
mented casing shoe area from pessible damage resulting
Jrom high frac pressures. Further, with the straddle packer,
application of kydraulic fracture pressure could be re-
stricted to a short vertical interval to provide greater assur-
ance for fracture indtigtion ar the desired zone, and afso
protect weak rones above and below the frac zone from
damuage.

Buth packers have had extensive use in post-frac opera-
tions; the most common being washing-in io lower injection
presspre. Where desired frac-connection s noi achieved,
these packers are used to ivolate and test different sait bedy
to determine fow and pressure relationships for inrerpreta-
tion of vertical fracturing. or frac-connection with other
beds. The straddle packer is ideal for such testing because
it can be set and reset down-hole, precluding the necessiy
Jor tripping the pive each time,

Common ECP use is repuir of wells where cusing has
been sheared by roof collapse. In such wells, o liner run with
an ECP ar the top insures a tght seal with the casing and
preveas (nfected fresh waier from dissolving upper salf ad-
Jucent fo the well

Impression packers have soft rubber clements which
when inflated against bore of the hole provide three-dimen-
sional impressions of fraciures. bedding planes, and other
Sformaiion fectures. In caved wells they're used to determine
condirion of casing.

Al the inflatable packers have arrained wide acceprance
through successful applicarion in sefytion mining and it is
expected that new gpplications will continue (o be made.

HISTORY OF LYNES

In 1939 John Lynes commenced operations as the
Lynes Packer Company; in 1942 several patents covering
an unusual concept in ‘balloon’ packers were issued to Mr.
Lynes; and in 1949 George Conover was hired as an engi-
neer and it was he who developed the first suceessful
inflatable element. The first acidizing job using the strad-
dle packer arrangement was done in December, 1930, and
Lynes established their first service station in Midland,
Texas, in 1951, Six years later, spring of 1937, DiKor
bevame a licensee of Lynes for the Northeastern United
States and that relationship continues today.

INFLATABLE SEALING ELEMENT

Description _
The heart of the Lynes Packer System—the 'Inflatable
Sealing Element’ is shown in Figure 1. The sealing unit
consists of a heavy resilient syathetic rubber outer cover
over the entite length of the clement, which is backed by
a strong flexible braided metal sheath to provide the
strength necessary to withstand high pressures and to re-
tain the innertube which in turn confines the inflation
fuid. A mandrel extends through the entire sealing ele-
ment forming the inner wall of the inflation chamber.
Inflation fluid enters the space between the mandrel
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Figura 1. Lynas Inflatable Sealing Eferment External Casing Packer.,

and the innertube causing the outer eover, braid, and
mnertube to expand and seal against the well bore or
casing. The element must conform to irregular holes
within ifs expansion Hmits,

External pressure against the end area of the inflated
element transmits to the smaller encd area inside so that the
pressure of the fluid inside the element always exceeds the
external pressure. As the exzernal pressure increases, the
element is anchored more tightly against the well bore ar
casing.

Unique features of the inflatable sealing element
The inflatable sealing element offers several unique fea-
tures heretofore unavaiiable in ‘packers.’

1. Positive Setring. —Pressure gauge and weight indica-
tor at surface tell positively when the inflatable element is
*sef’ in the well bore.

2. Greater Expansion.—More ‘running i’ clearance
permits use of the inflatable ¢lement in a wide range of
sizes, under liners, and below casing restrictions,

3. Positive Sealing. ~Hole fluid cannot leak past the
wflatable element even with high differential pressures.
External squeeze pressure is transmittedd through the rub-
ber and flexible braid to the fluid center thus increasing the
sealing pressure. )

4. Effective Sealing Over Entire Length.—When the
clement is inflated, the fluid center is under high pressure
and all the sealing surface is in contact with the well bore.
The ‘sealing surface’ is from 12" to 16" less in length than
the overall element to allow room 10 'tie’ the expanding
components 1o the mandrel (or stationary} parts and 10
provide space for the ‘upset’ to oceur.

5. Seuls in frregulur foles. - Fhe innertube, expanda-
ble metal sheath, and outer cover form a flexible body
which readily conforms to irregular open hole or casing.

6. Release Without Pulling. —The inflatable element
unsets by simply equalizing the high pressure within the
element with that pressure existing in the annulus and/or
tubing.

7. Anchors Againgt Shiding. —although the large con-
tact arca between element and well bore provides for ade-
quate friction against shiding in most instances, elements
are available that have bands of metailic parnicles imbed-
ded in the oufer cover to provide even higher anchoring
friction,

While the Inflatable Sealing Element cannot yet seal off
vertical fractures, applications to help overcome this prob-
lem have 1) used ‘dual-seal’ or double length elements, 2}
straddled the vertical fractured zone, and 1) set and reset
the clement until @ zone without vertical fractures is
lacated.

USE OF INFLATABLE SEALING
ELEMENTS IN TOOLS APPLICABLE TO
SOLUTION MINING

During the early 1960’s, DiKor, in pursuit of its vari-
ous services throughowt the Northeastern United States,
realized that companies involved in brine production had
downhaie conditions and problems that were quite often
more severe and difficul: than those experienced in off and
gas wells; and that the Lynés Inflatable Packers offered 2
possible solution to many of these problems.

The three tools most widely used in the Solution Min-
ing Industry (all using the basic Inflatable Sealing Ele-
ment} are: the External Casing Packer or ECP; the
Production-Injection-Packer or PIP; and the Treating &
Testing Straddle Packer. Most of these tools have been
developed through Lynes® program of constant innovation
in the use of their basic packer concept.
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F.xternal casing packer

This packer device shown in Figure 1, was originally
designed to improve the effectiveness of primary casing
cement jobs by (1) zone separation, {2) establishing a posi-
sive seal between casing and well bore and (3} centering
the casing in the well bore.

The 36" long sealing element & mounted on casing
having the same dimensions and specifications as that te
be used in the casing string—with that portion of the
casing within the sealing element serving as a mandrel for
the packer. At the top of the inflatable element 2 scaling
assembly creates a permanent seal between casing and
innertube so as to retain the nflation fuids. At the bottom
of the element a valve collar in which is Jocated either a
shear plug or a back pressure valve for initiating packer
inflation, and two nonplogging, spring loaded, double seal,
one-way check valves for sealing inflation fluid inside the
element. Any reasonable clear fluid is pumped into the
casing string at a pressure of approximately 1300 psi and
the pressure held for about 5 minutes. The ECP outside
diameter is normally 2" larger than the casing outside
diameter and the overall kength of the packer assembly
(with sufficient casing on etther end of the element to
accommadate slips and elevators) is approximately 11
feer, To give an example of the pressure differentials these
ECP's can withstand following is a typical case: 4-1/2"
O.D. casing with ECP packer run inside 8-5/8" O.ID.
casing (8" 1.D.1) will take a pressure differential across
the element of 4,000 psi. There are avaiiable two basic
ECP models; the BT {or Braid Type) for nermal and
higher pressure differentials and the RT {or Rib Tvpe) for
fow differentials. All eramples will refer to the BT type,

Liner hanger. Figore 2 shows an application of the
ECP used many times. The ‘morning glory’ type brine
cavity has resulted in roof collapse and shearing of casing
near the top of the salt section. Problem: to increase brine
saturation by keeping fresh water entry as low as possible
in the gallery; and, at a minimum of rime and expense.
Salution: run a liner with an ECP near the vpper end and
set packer up in the undamaged casing {or down in the
damaged partion, if necessary~-the packer will conform
to any irregularities); drill out the 8 to 10" of cement in
the plug now on bottom of liner {this plug is necessary to
allow liner to be pressured up in order to inflate and set
ECP}, and commence injection just a few feet above the
rubble pile. Because of the longevity and hole conditions
normally experienced in such operations, it is recom-
mended that a liner hanger be used in conjunction with the
ECP. On refatively short liners and/or jobs of Hmited
duration {12 months or s0) the iiner hanger is not neces-
sary.

Sleeve liner. Figure 3 iHlustrates another probleme—Ilo-
catized casing damage that plays havoe with (or elimi-
nates) use of a well because of dissclution behind casing,
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Figure 2. ECP as Liner Hanger,

SLEEVE LINER

{1} Run stesve tiner with ECF s and setting toal
{24 ot each ECP individuatly or simuttanecusly
(2) Retrieve sefting tood

Figure 3. ECP used to pack-off sieeve hner,

ioss of brine, and contamination of other formations. One
simpie solution is 1 sclect a liner of proper diameter of
sufficient length to cover the hole, collar leak, split, or
other damage, and attach an ECP packer at each end of
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the liner; run liner to proper depth, set the ECPs; dril] out
the cement baffie serving as bottom plug in the liner; and
put the well on stream. The ECP’s are normally 2" farger
i outside diameter than the casirg thev are run on In
cases such as this one, where pressure differentials are
small or non-existent, the packer O.D. can be turned down
10 1-5/8" over casing ©.D.; and in certain instances (de-
pending on & specific casing being used as liner) the packer
0.D. can be as little as 1-1/8" over the casing 0.D. Natu-
rally, reducing the ECP ourside diameter reduces the max-
imum pressure differential it can sustain.

Other possible use of the ECP. Other uses of the ECP
in Solution Mining operations might include (2) protec-
tion of sensitive zones below the casing (le., set an ECP
an bottom of casing and cement through DV, tool just
above the ECP); or (b) zone separation; that is, where it
would be desirable to set casing through the sah section
amd selectively cement the non-salt zomes.

Production-Injectinn-Packer (PIP}

The Production-injection-packer is normally reforred
te as a PIP and is shown in Figure 4. Where a single-set
packer is needed for either temporary or permanent use in
cased or open hole this tool is ideal.

Normzaily, the packer 15 run on either IV or 2-172"
tubing with a shear plug on the bottom of the tool. Two
Jjoints of tubing are filled with clear fluid, followed with a
slug of heavy grease or a few gallons of heavy ail, (10
prevent tubing dirt, scale, or solids in the injection fluid
from entering the valve assembly on the element). Tubing
is run at a moderate speed and without rotation to sefting
depth where the tubing is filied with fluid and pressured
up to recommended inflation pressure (normally from
1200 to 2000 psi). Pressure is held on tubing string for
about 5 minutes; a strain of 5000 3 1bs. is taken on tuhing
to check for a tight set. Tubing is then pressured up to
shear the pin in hottom plug (normally 500 psi over setting
pressure) and plug is left in bottom of hole and packer is
in ‘open below' position for pumping, swabbing, etc. The
plug, if a problem, can be drilled up, dissolved with acid,
or caught and retrieved in 2 perforated nipple run below
the packer.

At the completion of the below packer work, the packer
1s released by picking up weight of the tubing and rotating
to the right, approximately six turns; pick up tubing 6" to
aflow pressures above and below packer to equalize; pick
up anather 6" to release the high pressure fluid within the
Iflatable Eiement; wait for a few minutes to aflow time
for the element ro completely deflate, and come out of the
hole.

To accommudate the various hole conditions encoun-
tered, packer elements are availsble in 427, 66", and 132"
lengths with, or without, grit impregnated covers. Should
it be desirable to pumyp through the rubing siring before

Figure 4, Operation dimram of Lyres Production-lnjection-Packer
(PIF}.

setting the PIP, = ball-and-seat type bottom shear plug is
avatlable, as is shown in Figure 4,

Although the ratio of packer O.D. to maximum hole
size in which it can operate approaches | to 1.8, the use
of PIP elements in this rahge is normally rot recom-
mended becaunse the greater expansion inflatable element
is forcad to make, the less pressure differennial the element
can withstand. Assume & typical use as follows: A well hag
8-3/4" hole below 7" casing; packer is 1o be set in open
hole for hydraulic fracturing in the bottom salt section; a
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5.9/8" OD X 2" mandrel PIP will withstand 3500 psi
differential pressure. (Should lower differential pressures
be expected and higher volume be desired a 5-3/8" QD
X 2.1/2" bore element will handle a 2000 psi differential).
Should this 5-3/8" X 2-1/2" packer be sct in 6-1/4" hole
{or where the casing had been set on top of the salt section
and subsequently drilled to T.D. after the casing had been
set) the differential capabilities increase to 5,000 psi, as
compared to the 2,000 pound differential in 8-3/4" hole.

Frac eonnecting brine wells. A most typical use of the
PIP packer in a brine welt is shown in Figure 5. Here the
primary objective is to frac connect the two brine wells.
A competent and fairly thick rock section is chosen as a
packer seat. The packer is set in the 6-1/4" hole below the
7" casing; the bottom plug is pumped out and the packer
is ready to sustain a break-down hydraulic fracturing pres-
sare of up to 5,000 pst {without loading the annulus). It
should be noted that the pressure differential referred to
is that which exists at the packer. If that pressure is ex-
pected to approach the limits of the packer clement, the
differential pressire across the packer can be significantly

o

Figure 5. Lise of Lynes PIP packer (o frac-connect brine wells,
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reduced by loading the annulus. Further decrease in differ-
ential pressure across the packer can be effected by pres-
suring-up the fuid column in the annulus. After fracture
connection, high pressure pumping is continued and
maintained until such Hime as the injection pressure and
volume relationship desired can be obtained with plant
pumping equipment. Packer is then released, brought out
of hole, and the well s put on production.

Chther PIP uses. Should conditions exist which are not
s ideal as those discussed {i.e. packer seat across thin
and/or weak rock with majority of seat in the salt) sub-
stantially increased pumping time nevertheless can be ob-
tained, befare the packer seat washes out, by use of a *dual
seal’ elemnent. This is two 66" sealing elements run in
tandem. Apain the versatility of the inflatable element
tools is demonstrated.

The treating and testing ool using the straddle packer
arrangement

This tool, shown in Figure 6, 18 extremely versatile and
with it virtually any type of open or cased hole packer
need may be accomplished. Spacing between the packer is
infinitely variable {(within 2-1/2' increments}; the tocls can
be activated to ‘open below” both packers, ‘open between’
the clements, or ‘open above’ both packers; the tool can
be set and reser many times without coming out of the

INFLATASLE SYHADMHE FACKER FOR OPEN HOLE DA CASNG . )
CEERATIGR IRGTARN - S RS
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Figure 8. Operaticn dizgram of Lynes Straddie Packer.
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hole. The multifold advantages of the inflatable sealing
glement are clearly evident with this tool

The ool consists of & hvdraulic positioring assembly
above the packer elements which provides a positive
method of moving and locking the mandrel parts in five
different ‘in-line® positions, The mandrel is essentially a
long hydraulic valve creasted by a series of “O" rings,
slotted mandrel, and block-out sleeves. The five different
positions allow the packer elements to be inflated, each
screen {or scction of perforated spacing) to be opensd
separately to the well bore, and the tool to be unset by
deflating the elements. All tool positioning is accom-
plished by right hand rotation of the tubing and with
weight set, or pulled, on the bydraulic positioning assem-
bly. No tubing weight, drag springs, or anchor is necded
1o set the tool. Surface pressure gives positive indication
that the elements are expanded against the well bore and
that the tubing string is free of leaks before treating or
testing begins, It is not necessary that ‘shut-in’ pressare’be
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FRAC -CONNECTING BRINE WELS
LYNES STRADOLE PACKER BHINE

bled off the casing while activating or moving the tool.
Working through a good casing head, il tool functions
can be carried out under ‘shut-in’ pressure.

On the most comnonly used Straddle packer (the 5"
0D size}, although the mandrel 1.D. is reduced to 1-5/8",
flow rates in the neighborhood of 500 to 600 GPM are not
uncomnon (this reduced diameter is onlv about nine feet
long through the locking device—plus whatever mandrel
is needed for the spacing required).

Straddle packer use—frac connection in brine wells. A
typical application of the Lynes Straddie Packer in solu-
tion mining, establishing a hydraulic fracture between
brine wells, is illustrated in Figure 7.

The objective here was to establish a hydraulic fracture
connection in the lowest salt section. In an area where
inter-connection had been difficult to achieve, straddle
packers were run in both weils to provide maximum fiexi-
belity in fracture operations and maximum knowledge of
location of the frac connection, if achieved. As illustrated,

Figure 7. Use of Lynes Straddie Packe: in fracconnacting brine wells,
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a connection was nol obtained in the lowest salt zone even
though frac attempis were made from each well. Note
while the fool could have been opened “between' the two
packers and an attempt made to establish fracture com-
munication through the relatively thin salf section, it was
decided instead to attempt a fracture connection in the
thicker ‘second’ salt, Therefore, both packers were set
above the zone of interest {with the upper packer set
across the casing shoe), a hydraulic fracture was estab-
lished, and high pressure pumping continned until a ‘low-
pressure’ connection was established. (The lower packer
seat washed out after almost three hours of pumping but,
hecause the npper packer had been set across the casing
shoe continued pumping was possible until desired resulis
were achigved. :

An alrernative procedure could have been followed us-
ing the straddle packers in the situation shown. Assume
that the majority of the injection flutd is known o enter
the various sall sections below the rather massive anhy-
drite section, and that fiow from the producing well is also
from the lower portion of the hole. But exactly which
zones are being dissolved? Are the connections “straight-
line' or does the bulk of the injection fluid enter one zone
and exit from all three? The straddle packer is ideal for
this type of testing. For instance, set both inflatable ele-
ments as shown in the lower part of the shde. On the
wjection well ‘open below’ both packers and pump test to
determine what percentage of total injection volume is
entering the lower zone; then ‘open between’ the packer
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elements and test in a simitar manner. It is also possible
to “open above’ both packers and test the upper portion of
the entire section if desired.

In the producing well a straddle packer can he set
across the same zones and, with either the bottom zone or
middle zone selectively opened to the tuhing, the exact
quantity of brine production from that particular zone can
be determined, Should the salt section immediately below
the anhydrite require a separate test, the packers can
quickly be released, moved, and reset in such a manner to
open ‘between’ and take an exact measarement of the fluid
heing produced from thar zone. The procedure is simple,
safe, and accurate, and the positive knowledge thus gained
greatly enhances the production engineer’s information
for maximizing total salt recovery from existing brine
fields.

ANOTHER LYNES TOOL

Impression packer

The Lynes Impression Packer consists of *memory re-
tention’ rubber applied directly to the sealing elements {as
a part of the outer cover) or to a rubber sleeve that in turn
fits over the element. It is used for making sidewali impres-
sions that are three dimensional, cover 360° of the well
bore, and up to 10 feer of uninterruptred length on a single
setting.

Examples are shown in Figure 8§ of impressions of a
casing collar, casing perforations, open hole vertical frac-

Figure 8. Applications of Lynes impression Packer.
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tures, a casing split and break, open hole showing fossils,
and bedding planes in open hole. The impression packer
is normatly run om tubing, the sealing element inflated for
a few minutes, then reieased and brought out of the hole.
The large clearance afforded by the inflatable element al-
lows the impressed rubber to be retrieved without marring
the impression. Conventional directional tools may be run
in connection with rhe impression packer Lo determine
fracture orientation. Possible applications are: inspection
of casing damage, examination of perforations or slots, or

determination of horizontal or vertical fracture orienta-
tion.

The derails presented on the four Lynes packers and the
discussion of their versatile and varied appheations to the
solution mining industry are just part of the story. Asnew
problems continue to arise, and engineering innovations in
packer design continue 1o be made, brine field superinten-
dents will continue to recognize new applications for the
Lynes inflatable packers to help resolve their problems.
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