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THEORY OF OPERATION - AUTO-CYCLE

The AUTO-CYCLE Controller has been developed to offer full
well control and optimization with the Customer in mind. The
Customer has the ability to change Control Modes from Single
Valve, Dual Valve or Intermittent Operation within the same control
unit. A key feature with this controller is the Menu Structure. This
type of operating system allows increased ease of:

B setting operational parameters
B retrieving data and
E system evaluation

Hot Key features improve maneuvering from Data Groups and
Data Entry. Other exciting enhancements have been added to give
the Customer quick access to well and system performance.

The AUTO-CYCLE Controller operates from the basic fundamen-
tal of Plunger Speed Supervision. This means that each and
every cycle is monitored, recorded and reacted to immediately
based on the plunger arrival time. Knowing the depth of the well,
you can determine the speed, dividing the depth by the arrival time.
A series of WINDOWS are created by the operator based on several
considerations such as:

O sales line pressure

O production gas-to-liquid ratios
O surface equipment structure
0 down hole configuration

O tubing depth

O tubing diameter

O plunger type or style

qo

REMEMBER: The plunger must arrive at the surface and remove
any liquids from the well bore every cycle to have an efficient system.
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Plunger speed is affected mainly by the overall system changes.
Gas sales line backpressure fluctuation is the predominate reason for
plunger speed changes from cycle to cycle. Compressor suction pres-
sure is considered to be sales line pressure when used in conjunction
with a plunger. Reservoir characteristics play a significant roll in the
wells ability to react to intermittent cyclic operation. Pressure build
up during the Off Cycle is a reservoir function, and can only be
affected by external means.

The Plunger Speed varies with different types of tools and is
determined by the effectiveness of their sealing elements. A plunger
traveling slowly allows gas to slip by the tool while traveling to the
surface. This can ultimately lead to the plunger stalling and falling
back to the bottom of the tubing without removing the liquid slug.
A plunger traveling fast is under producing the wells’ potential by
holding additional backpressure on the formation. The fast travel
speed will be noticed in mechanical deterioration of the down hole
stop, plunger and lubricator surface equipment.

[l CONTROL MODES SELECTION

The Controller offers you 3 mode selections for well operations:

b0 To operate with a single motor valve on the flowline select the
PLUNGER MODE.

B To operate with dual motor valves, perhaps one on the flowline and one
redirecting flow to the stock tank, select TANK MODE. Both of
these modes allow you to make time adjustments to the OFF TIME
and AFTERFLOW.

B To operate with a single motor valve on the flowline and not make
any automatic adjustments to the operation select INTER MODE.
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This mode has a reduced number of operating parameters (TBG ON,
TBG OFF and H-L DELAY) and is available strictly for simplicity of
intermittent operation.

N HOW AUTO-CYCLE WINDOWS WORK

A series of operating windows are created by first setting the
Tubing On Time, Fast Time and Slow Time. The example below
indicates a typical set of windows for an 8,000" tubing depth.

START TIME O Min

Fast Window
FAST TIME 10 Min

Good Window
SLOW TIME 14 Min

Slow Window
ON TIME 30 Min

No Arrival

A plunger arriving at the surface in less than 10 minutes would be
considered in the Fast Window, arrival between 10 and 14 minutes
would be in the Good Window. Any arrivals taking more than 14
minutes, but less than 30 minutes would be in the Slow Window, and
any not arriving within 30 minutes are No Arrivals.

The appropriate adjustments for plunger arrivals in any of the
above windows would be as follows:

Fast Window: Increase Afterflow* Time and decrease Off Time.
Good Window: No changes are performed.

Slow Time: Decrease Afterflow* Time and increase Off Time.
No Arrival: Decrease Afterflow* Time and increase Off Time.

*Afterflow Time is the time of flow allowed after the plunger has arrived at surface.
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Adjustment time is suggested to be conservative to make
small changes between cycles. The significance to this patient
approach is the key to lining out the well with little difficulties.
Making large changes to time adjustments will Upset the System
(The System is considered to be from the formation to the point of
gas sales).

If for example, a 5-minute reduction of OFF TIME and a
2 minute increase to AFTERFLOW TIME is made for a fast arrival,
the OFF TIME value would have been reduced from 4:15 to 4:10
and AFTERFLOW TIME increase from 20 to 22 minutes. This slight
change would probably not be observed on a pressure gauge if
you were at the well location.

However, in a 24-hour period, and if the well continues to cycle fast,
the OFF TIME is adjusted to 3:45 over the next 5 cycles, and the
AFTERFLOW TIME is adjusted to 32 minutes, which may make a
noticeable difference in production rates and operating pressures.

Now lets insert some real numbers to these changes. These numbers
are for example only. You may select any set of numbers you choose.

START TIME O Min
Fast Window

Increase 2 mins Afterflow Time
Decrease 5 mins Off Time

FAST TIME 10 Min
Good Window
No changes are performed
SLOW TIME 14 Min
Slow Window
Decrease 10 mins Afterflow Time
Increase 30 mins Off Time
ON TIME 30 Min
No Arrival
Decrease 10 mins Afterflow Time
Increase 1 hour Off Time
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N INITIAL KICK OFF

When the well has been shut-in or operated in a semi-loaded state
for some period of time, fluid has accumulated in the formation near
the well bore. Since we are working with a cyclic operation, the initial
slug size may be of concern. A much higher Off Time and shorter
Afterflow Time than you feel the well requires is suggested to
allow for this excess fluid to be produced. The Controller will
continue to make adjustments from the initial settings until an accept-
able plunger speed is achieved. The Controller and the settings you
have provided will compensate for any changes in the System.

Initial settings in the Controller permit special control
for each window.

These special controls are called counters. Each window has an
initial and current setting which are updated every cycle. The
default counter settings are listed in the following table.

| INITIALFAST ¥ CURRENTFAST [}
| INITIAL GOOD ¥ CURRENT GOOD il
| INITIAL SLOW [B¥ CURRENT SLOW 58
| INITIALN/A |88 CURRENTN/A |28

The Initial Fast and Good defaults allow the well to Afterflow
immediately for a Fast or Good arrival. These counters can be
modified to accommodate your well conditions. The Current
counters let you know the Current Status. If for example, the Initial
Fast counter is set to 2, the Afterflow will occur on the second Fast
Arrival. This is to compensate for some of the excess fluid, which
may have been produced on the first cycle. The Slow and No Arrival
counters monitor for consecutive arrivals in these windows. If 5
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