MULTI-STAGING WELLS: WHY RUNNING MORE THAN
ONE PLUNGER COULD HELP YOUR WELL

Chandler Frost
Production Control Services, Inc.

Multi-staging a well with more than one plunger utilizes more of the well’s energy to lift fluid. Setting a Multi-
stage tool in a well allows for one plunger to lift below the tool and one plunger to lift above the tool. By staging
the well with a multi-stage tool, the fluid load on each plunger is lifted to a shallower depth. The bottom plunger
lifts fluid to the tool which is caught with a standing valve. The second plunger then lifts that fluid to the surface.
All of the head gas above the liquid level is sellable gas, but is wasted energy. By staging the well, part of the head
gas can be used as an energy lifting source.

The multi-stager consists of several different parts. (Figure 1) The tool must first be set in the well with a tubing
stop or a collar stop. The top is then pushed down to wedge out the tubing pack off separating the upper stage from
the lower stage. A floating spring is then put on top of the multi-stager to keep the upper plunger from damaging the
tool.

The multi-stage tool can be used in many different types of wells. Wells that could not be lifted or are having
difficulty lifting with a conventional plunger are typically good candidates for the Multi-stage tool. Some good
applications for the Multi-stage tool are: Packer wells, Slim-hole wells, Liner wells, Open hole wells, Tapered string
wells, and conventional wells. Packer wells have been very successful. With no backside help the ability of the
multistage tool to utilize the energy of the well is needed to lift the fluid. Tapered string wells are also a good
application since the tool can be set at the point where the tubing changes size. By running a smaller plunger to the
tool and the larger plunger on top, plunger lift can be run on the tapered string well.

Deciding where to set the tool is a major contributor to the success of the multi-stager. Much like controlling a well,
there is not one clear solution that will work for all wells. Of course there is a point at which to start, but there are
several variables that should be considered including; the history of the well, the location, the production, the
pressures, the amount of fluids, etc.

For the tool to work, the gas bubble below the tool must be able to lift the upper plunger and liquid load to the
surface. The gas in the annulus (if any), fracture and formation must be able to lift the bottom liquid load through
the tool into the upper stage and replenish the lower stage liquid.

Boyle’s law is used to balance the gas requirements for the two stages. For a 10,000 foot well, 100 psi sales line
pressure making five (5) barrels of water per day in five (5) trips, the gas requirements calculate to be approximately
20 Mcf and a starting casing pressure of approximately 750 psi.

For actual wells with these conditions, measured gas production for successful installations ranges from 5 Mcfd to
20 Mcfd with a starting casing pressure that cannot be lowered below 750 psi.

The following three case studies were provided by Matt Lupardus, Production Engineer for Marathon Oil Company.

Well #1 isa 2 7/8” slim hole well (Figure 2). The well would not unload up the 1 ¥%” velocity string, SO
conventional plunger was installed, which declined over the next few years (Graph 1). Eventually the conventional
plunger could not keep up. The bottom collar/standing valve was placed just above the perfs (7856-66’) at 7796°.
The multi-stager was installed at a depth of 4692 and the plungers are making every trip, gas and oil production is
higher, and there is much less attention needed from the pumper. As you can see in Graph 1, the well was struggling
to stay above 75 mcfd and producing little to no oil. Since the installation of the multi-stager the well has steadily
produced 120 mcfd and an increase of 0.5 bopd. Considering there was no backside help this is a great increase.

Well #2 is also a 2 7/8” slim hole (Figure 3). As seen in graph 2 several different options were tried on this well
unsuccessfully. Marathon struggled with this well for over a year before trying the multi-stager. The upper perfs on



this well are at 7863-7865’ having the collar stop/standing valve just above them at 7838”. It was determined for
this well that the multi-stage tool would be set at 4750°. Since the installation of the multi-stager the well has a

consistent production of 125 mcfd and an increase of 1.2 bopd (Graph 2). Again, there was no backside help for this
well.

Well #3, also 2 7/8”, was down for 4 years with a casing leak (Figure 4). Marathon isolated the leak by closing the
sliding sleeve, and cleaned out the tubing with a coil tubing unit. When the well would pressure up, it had high
initial flush production, but no water production. The well would load back up in a short amount of time. The
multi-stager was then tried. The tool was set at 4773 with the collar stop/standing valve at 7950°. Since the
installation of the multi-stager, the well has had a steady production of 65mcfd and 0.5 bowd (Graph 2).

With over 400 multi-stagers in multiple states the multi-stager has proven itself time and time again. With payoffs
in just days, it is easy to see why the popularity of this technique is rapidly growing. Anytime there is a loading
problem that cannot be solved by conventional plunger, the multi-stager should be considered.
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Figure 1



Well #1
Elaine County, OK
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PCS Multi-Stage Plunger System:

Daukle pad plunger & flosting bumper spring
hulti-Stage Tool set @ 4692° SLMW

Dioukle pad plunger & floating bumper spring
Bottom collar stopfstanding valve @ 7796" SLM

Red Fork Petrfs @ 75326-66"

Bodel 'G' Slickline
Retrievable Plug @ 7903
Hote: Plug is equalized

512" cag @ 7940

Morrowy Perfs @ 5015-40'

2 7iE" cag @ 141

Well Hame & Humber:

Lease:

County or Parish:

Blaine County

State Prov.

Perforations (MD)

Diagram Last Updated By:
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Well #2
Blaine County, OK

e — . 2
o 4
Ll ]
] i
- -
T &
7 o
.' g S-SIE" 244 J5S @ 993 el 700 k.
-~ — Est. TOC (5-1427 i@ 5500 (from temperature survey
¥ t
:] :3 PCS Muhlti-Stage Plunger System:
# ] Diouble pad plunger & floating bumper spring
" -..' hultti-Stane Tool set @ 4730° SLM
%u E- Double pad plunger & floating humper spring
i g Bottom callar stopsstanding valve @@ 7835' SLM
E o
4 1
; l{; S-102" TR ME0 @ 7795 wef 230 5x
& :_.;
o i
s 4
1:' k: Collar stop @ 7838’
B Marrowe Perfs @ 7863-65', 7677-76
L =
s ot
[ X
& =_ll-\'__._-— ToC behind 2-758 unknowwn
e 4
[ :_l_
B v, ClBP- s010
[EN En]
® R
e A
B i,
I :',_': 2-718" B.5% ME0 ELE @ 5057 w100 =5
PBTC: 5,018
TC: & 058"
Well Hame & Humber: Lease:
County or Parish: Blaine Courty State Prov. Cklahoma Country: U=.A,
Perforations (MD} Marrawy (7 863 - 787810 TD: G,058"
Diagram Last Updated By: hatt Lupardus |Diagram Last Updated: 115452005

Figure 3



Well #3
Blaine County, OK

2 /8" SS @ 7,950 (closed T/2005)
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