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APC 1000™ USER'S MANUAL

The APC 1000™ is a unique and automated plunger lift
controller. It consists of a self-contained controller that
mounts locally on the wellhead and contains menu-
driven software that optimizes well production.

The APC 1000™ is battery powered with a solar panel
backup. Rugged construction and superior design allows
the APC 1000™ to function smoothly and trouble free in
harsh environments.

The APC 500, APC 1000™, and The Arrival Switch are

products of Mega Lift Systems. We are proud that the

design and manufacturing of all our products is within the

USA. We wel come user’s suggestio
improvements. Contact us at the following address.

Mega Lift Systems
P.O. Box 132448
Tyler, TX 75713

(903) 526-Mega
info@megaliftsystems.com
www.megaliftsystems.com

U.S. Patent #4921048 protects this product.
Copyright © 2008 by Mega Lift Systems, LLC.
All Rights Reserved.
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1.0 FAST START

1.1 Installing the APC 1000™:

e The APC 1000™ arrives completely assembled and
ready to mount.

¢ Find a sturdy location to mount the aluminum
bracket, where the solar panel faces due south.
(For Northern Hemisphere installations only.)

e Mount the aluminum bracket. Do not remove the
controller from the bracket.

e Connect a clean, dry instrument supply gas to the
port labeled SUPPLY. This is the supply line. It has
a 1/4" NPT female threaded connection. The ideal
supply pressure is 30 PSIG while not exceeding 60
PSIG.

e Connect instrument air tubing from the port labeled
OUTPUT to the motor valve actuator. The controller
has a 1/4" NPT female threaded connection.

e Remove the four thumbscrews that hold the module
in the controller.

e Plug external sensors, e.g., plunger arrival switch,
into the External Input socket located on the back of
the module.

e Plug the four-pin power connector in the four-pin
socket located on the back of the module. Replace
module. (See Warning Below)

The controller is ready to program.

o WARNING *+*

Connect the battery and solar panel only to the four-pin
socket. Connecting the battery backwards or to other
terminals can cause harm to the module and result in

voiding the warranty.
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1.2 Programming the APC 1000™:

e Press “return” key wuntil the fo
No arrival hh:mm:ss
Afterflow  hh:mm:ss
Off hh:mm:ss
hh:mm:ss Open S (well Open)
or
Open AF (well Open)
or
Closed (well Closed)

(For other possibilities see sec. 3.4)
This is the *“ fopeningenessage i me cycl e
di splay” mode.

e Pressthe Load New key and then select option 2
(New Well Depth).

o Enter depth, in feet, of the down-hole bumper spring.
If depth is 7525 feet, then press 7, 5, 2, 5, then
Return.

¢ Enter kick-off or starting-off time in HH: MM: SS. If
starting-off time is 1 hour and 30 minutes, then press
0,1,30,0,0.

e Press Return to exit the load new menu and return

to the “current time cycle [/ op
mode.

e Press Open when ready to start the plunger up the
hole.

Warning! Changing New Well Depth, option 2,
changes limit times ("min off", "max off", and "max
afterflow"). The controller acts like a new well installation
and erases all settings.

Use the following section for a new installation:

The sequence for fine-tuning the auto mode follows:

Well Depth (in feet)

Starting Off Time (hh:mm:ss)
When a well depth is entered, the controller calculates
times for "target time," "no arrival”, "max afterflow", "min
off", "max off", and "back-up.
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“Target ti me” lunger trapehtimetothe he p
plunger arrival time. If the plunger arrives in less time

than the “target time”, then t
plunger arrives in more time t
the plunger arrives slow.

he
han

If the plunger fails to arrive by the "no arrival” time, then
the controller records plunger as not arriving, and the
well closes.

The default setting of the controller achieves a plunger
velocity of 700 ft/min (Ex. 7000ft. is equivalent to a 10min
“target time”).

The "min off," "max off," and "max afterflow" times are
limit times. The controller automatically adjusts the "off"
time between the "min off" time and the "max off" time.
The controller adjusts the "afterflow" time between zero
and the "max afterflow" time setting.

The "back-up" time loads into the "off" time if the number

in the “# of NO ARRIVALS” counter
This time is usually set to 24:00:00. This allows the user

to check the well before it has a chance to load up the

tubing. When this time counts down to zero, the

controller will re-open the sales valve with the last

"afterflow" and "max off" times.

An example of the plunger not “
sales line pressure rising above its normal value.

(Example: Suction compressor has gone down.)

ar

Don't be in a hurry.
Let it happen over a week or longer!
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2.0 APC UNIT

'MEGA

LIFT
SYSTEMS

“Controlling the Future!”

The APC 1000™ (automated plunger controller) unit
consists of the module, a sealed rechargeable battery,
and a latching valve. These components are enclosed in
a rugged reinforced fiberglass housing.

2.1 Module
(See pictures on pp. 7 & 10)

The module consists of a micro electronic board, a 16
key membrane keypad, and a 4x20 character display.
The module design allows for easy removal. Plug and
socket type connectors, on the back of the module,
allows for controller service without disturbing the
existing wiring harness. Labels on the back of the
module identify the connectors.
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2.2 Power Connector

The power connector is a four-pin socket and plug
labeled S+, S-, B+, and B-. It is at the bottom left hand
side of the module. The solar panel's red wire, or black
with white stripe, connects to S+ and the black wire
connects to S-. The sealed rechargeable battery's red
wire connects to B+ and the black wire connects to B-.
Do not insert the plug into the socket without the four
wires attached to the plug.

WARNING: Always plug in the power connector last,
or unplug the power connector first.

2.3 Latching Valve Connectors

There are two latching valve connectors. The labels
Sales and Tank identify these two connectors. The
connectors are on the top left hand side of the module.
Both connectors are three-pin socket and plugs with

labels G, R, and B. The | atching valve’ s
connectstothe Gt er mi nal , the | atching v
connectstothe Rt er mi nal , and the | atchi

wire connects to the B terminal.

2.4 External Input Connector

The external input connector is at the top center of the
module and labeled +5V, ON, AF, OFF, and GND. The
GND input is for ground. The +5V is for powering an
electronic MSO (Magnetic Shut-Off switch) that activates
on plunger arrival.
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External Inputs
GND_OFF_AF ON +5V ©

External Inputs
GND.OFE_AF ON +5V

When the ON input switches to GND the following
occurs:
1) The controller opens the sales latching valve.
2) Loads the "sales" time or
current time. This current time is identified as
“ o p-8 'n the display.
3) Proceeds to down count the current time cycle.

This input is ignored unless the
(well closed) and MIN OFF has expired. The input

doubles as a “High Tank Level ", C
regardless of the current time cycle.

When the AF input switches to GND the following
occurs:
1) Recognizes that the plunger has arrived at the
surface.
2) Stores the travel time in the history.
3) Stores the arrival in a counter as fast or slow.
4 The “no arrivaldateor on” ti me
5 The “afterflow” time starts.
as “Apénin the display.

“
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Note: The controller ignores the input unless the
controll efS"i ori d noomenmrival” ti me.

When the OFF input switches to GND, the controller

loads the "off" time as the current time and proceeds to

down count the current time cycle. The acceptance of

this input depends on the current time cycle being in

"open-AF” or the “sales/no arrival”

The OFF input also doubles as a HIGHLINE HOLD input.
When the answer to the HIGHLINE HOLD question is
yes, the input, when switched to GND, causes the
controller to stop counting the "off" time cycle. When the
switch is open the "off" time cycle continues from its last
count. While suspended the "Total Off Time" continues
to increase.

While the input is in HIGHLINE HOLD, the input is only
acknowledged while the current time cycle is "off". The
HIGHLINE HOLD input will not switch the controller to
the "off" cycle. When the HIGHLINE HOLD input
activates, the controller ignores the other external inputs.
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2.5 Latching Valve (see picture below)

The latching valve mounts inside the case and control
wires from the valve extend to a three-pin plug. See
Section 2.3, Latching Valve Connector, for pin
descriptions.

All exhaust gases from the valve vent to the atmosphere.
The valve connects to the well by a 1/4" NPT female
threaded fittings mounted externally on the bottom of the
case. The preferred supply pressure is 30 PSIG and not
to exceed 60 PSIG.

Replacing the latching valve consists of removing the
module, unplugging the three-wire connector and
disconnecting the supply, output and vent lines.

NOTE: Gas supply to the valve must not contain
particles larger than four microns in size, or contain
contaminants that will freeze. If these types of particles
or contaminates exist, then the supply line may need
filtering and/or dehydration.

¢ Latching
Valves




2.6 Solar Panel

The solar panel mounts external to the controller at the
top of the aluminum bracket. The solar panel fastens to
the bracket with two machine bolts, two lock washers,
and two nuts, as shown below. The solar panel comes
pre-assembled and attached to the controller. No wiring
is necessary. The solar panel must face due south (if
installing in the Northern Hemisphere). If the solar panel
does not face due south, the unit will not achieve
maximum charging efficiency. Without the solar panel
and under normal usage, the battery has a reserve
capacity of approximately fourteen days. The life
expectancy of the battery is three years. There is a self-
diagnostic on the condition of the battery. See the
section on self-diagnostics (p.23) for more information.

®

Attach
Solar Panel
As Shown




3.0 OPERATION

3.1 Key Description

There are sixteen keys on the membrane keypad. The
keys 0 through 9 are for entering numbers. The keys 1
and 0 double for YES and NO respectively.

The Open key causes the controller to load and start
down counting the "sales" time. If a tank valve is
included as part of the installation, pressing the Open
key a second time closes the sales valve and opens the
tank valve. The "tank delay" time loads and down
counts. The Open key acts the same as the external
input ON.
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The Close keywillshuti n t he well, | oad

and down count the current time cycle. It closes both
valves. The "head gas" time and the tank latching valve
function when enabling the tank option.

The Load New key enters time cycles and limit times for
the Auto mode.

The History key activates a menu accessing plunger
history and total time the sales valve was opened and
closed. This key also clears the counters and totals.

The Menu key accesses items, such as TANK and Hl
LINE HOLD options, opportunity to change factory
settings RTU address and battery condition, etc. See
section 3.7 (p.22) for more detalils.

Use the Return key to skip the entry of a time cycle or to
move up one level out of a menu or display window.

Page 13

t

he



3.2 Time Entry Mode

Use the “time entry mwmntthe” to en
cycl es. The controller is in t
the first number has a blinking cursor.

For comparison, the controller always displays the old

set of numbers. All times are in the format of hh: mm:

ss, where “h” i snuhtoeusr sa,nd* m"s ”i si sf o
seconds. The largest possible entry time is 99:59:59.

There are two methods to exit the time entry mode.

t e
h e

1) Use the Return key, before entering the first
number.

2) Enter all six digits. Using method one leaves the
current time unchanged.

Once time entry begins, you must enter all numbers. In
addition, once time entry begins, the Return key
functions as a backspace key. After entry of all
numbers, time entry mode finishes.

3.3 Yes/No Entry Mode

Some features rema’i rreexap dryees "wloen
activating or deactivating a feature. Use the YES or NO
keys to make the appropriate response.

AFTER-FLOW MSO? [Y] Y/N
This is an example of a “yes” or
current condition is in brackets.

To accept this case, press the Return key. Press the NO
key to change your answer.
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3.4 Current Time Cycle Display /
Opening Message

The current time cycle display contains four lines of
information. The first three lines always display the
same information. They are, from top row to bottom row,
SALES time (or NO ARRIVAL time if in auto mode),
AFTERFLOW time, and OFF time. The fourth line
identifies the current time and cycle. The current time
counts down to zero. The current cycle is displayed to
the right.

SALES 01:00:00

AFTERFLOW 02:39:25

OFF 00:45:00
02:39:24 OPEN-AF

The fourth line current cycle names include:

OPEN-S Sales Open (Sales time)
OPEN-T Tank Open (after Head Gas)
OPEN-AF Sales Open (After-flow time)
CLOSED Sales / Tank Closed (Off time).
CLOSE-HI Sales / Tank Closed (Hi-line

hold is active).
CLOSE-BU Sales / Tank Closed (Back-up
time).

The Open and Close keys only function from this
window. To return to this window from any other menu,
press Return repeatedly until this window appears.

After ten minutes of no keypad activity an opening

message appears, which includes, the version number of

the software, the controller’s se
controller’”s manufacture dat e.
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3.5 Load New Times
The “load new cycle times”
pressing the Load New key. Access this function from
the “current time cycle display [/
window. This is the first menu to appear:

proced

1) CHANGE CURR TIMES
2) NEW WELL DEPTH

3) CHANGE LIMIT TIME
4) MODE - ON or OFF?

For a new installation, press option two (NEW WELL
DEPTH), and enter the new well depth. Enter the new

well depth in feet. For example, if the well is 8,500 ft

deep, press the 8 key, 5 key, 0 key, 0 key, then Return

key. Next, enter a KICKOFF OR STARTING OFF time.
The KICKOFF time should equ
ti me” or the “pressure buil
greater. Programming is complete. Press the Open key

to start the cycle.

al eit
d up t

Warning!!! Changing the values in option two, NEW
WELL DEPTH, causes the “limit tin

Option 1: CHANGE CURRENT TIMES

Pressing option one displays the following menu:

1) SALES or NO ARRVL
2) AFTERFLOW TIME
3) OFF TIME

4) CURRENT CYCLE

This menu allows the user to modify the times shown in
the “current time cycle display”
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Option 2: NEW WELL DEPTH
Pressing option two prompts the user to enter WELL
DEPTH and STARTI NG OFF ti me. The
default program achieves an optimal plunger velocity of
700 ft/min.

Changing the WELL DEPTH or STARTING OFF time
causes the controller to reload i

Notes:
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Option 3: CHANGE LIMIT TIMES

Pressing option three prompts the user to enter the
cont r ol | mesand otler informtationt. iThe
viewable and changeable information follows:

Default Settings

Convntl Plungers | Bypass Plungers
TARGET TIME well depth / 700fpm| well depth / 650fpm

NO ARRIVAL 3x target time 30 min.
MIN AF 0 well depth / 1000fpm
MAX AF 24 H 2H
MIN OFF 1H 7S
MAX OFF 3 X starting off 10S
BACKUP TIME 24 0
CHNGE AFT (1) 1 MIN 30S
CHNGE OFF (1) 1 MIN 30S
CHNGE OFF ON NA N N

# START RUNS (2) 0 3

# NO ARRIVALS 1 3
CLEANUP ON BU N Y
CLEANUP RUNS 0 3
AF TIME TO MIN AF N N
RESET NA COUNT

AFTER BU CYCLE N N
FILTER TAS (3) Y Y
FILTER TIME 30S 30S

1. Automatic changes are some multiple of this

time.

2. The # of “start runs” ranges
is 0 then the controller adjusts on the next
plunger arrival.

3. “Y d iestleladival switch upon well closing
for a period of time equal t
setting.

REFER TO GLOSSARY FOR DEFINITIONS AND
DESCRIPTIONS OF TIMES AND ACTIONS ABOVE.
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Option 4: MODE - ON or OFF?

Pressing option four prompts the user with a multiple-
choice question. An asterisk and uppercase letters
signify the selected choice:

1) oil mode

2) gas mode

3* OIL THEN GAS MODE
4) auto mode off

Choosing option one, two, or three puts the controller in

an “"auto mode” operation. “Auto n
controller to adjust "after-flow" and "off" time cycles

according to the travel time of the plunger.

If the plunger arrives quickly (fast window, less than the
target time) then the "change afterflow factor" adds to the
"after-flow" time and the "change off factor" is subtracted
from the "off" time.

If the plunger arrives slow (slow window, greater than the

target time) then the “change aft
AF time and the “change off facto
The controller expects the plunger to arrive every trip. If

the plunger does not arrive it is
controller has a special feature
arrivals.” This allows the user
missed trips. Upon meeting this number of missed trips

the controller will shut in the we
called “backup ti me."”
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Selecting option two from the Load New menu (NEW
WELL DEPTH) automatically places the controller in
auto mode.

The default mode is number three (OIL THEN GAS

MODE). Selecting this option sets
factor” to one minute and the “ch
mi nut e. I n additi on, t-heowdbntr ol
ti me until reaching the “minimum

Selecting the Ol L M&bBliowset s the *
factor” to zero and the “change o
This option does 4dfiotowéhanmgne twhen®
the plunger arrives at the surface.

Selecting the GAS MODE sets the *
zero and the “chatwgnemiadtet er fl ow f a
This option does not change the *
plunger arrives at the surface.

Selecting the AUTO MODE OFF sets
afterflow factor” and the “change
option does not-ftbwhgantlihthef &f t er

when the plunger arrives at the surface.
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3.6 History Menu

Access to the history menu is fro
cycle display / opening message’

menu has the following four choices.

1) SHOW RUN COUNTERS
2) SHOW TRAVEL TIMES
3) SHOW TOTAL TIMES

4) CLEAR ALL

Option 1: SHOW RUN COUNTERS
Displays the run counters for the plunger. It looks
like the following.

** RUN COUNTERS **
FAST 25 NA 01
SLOW 03  CMPLT 28

The FAST counter shows the number of plunger

ari vals that were |l ess than the
SLOW counter shows the number of plunger arrivals
greater than the "target time."”

arrival) is the number of plunger runs failing to arrive
by the "no arrival" time. The CMPLT counter
(completions) is the sum total of the fast and slow
counters.

If the controller is not in auto mode, then the CMPLT

counter only counts the plunger arrivals. Press
Return to exit back to the history menu.
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Option 2: SHOW TRAVEL TIMES

Displays the plunger travel times. Battery backed
memory records the last 25 plunger travel times.
The first displayed time is the most recent travel
time. Pressing any key but the Return key shows
the next travel time. You may repeat this procedure
to display all plunger travel times. Pressing the
Return key at any time exits to the history menu.
The following is an example of the SHOW TRAVEL
TIMES display:

01 F 00:04:30
02 F 00:04:56
03 F 00:04:24

The first column represents the stored location of the

travel time. This column descends from most recent

up to 25 trips. The second column contains a letter

identifying the plunger arrival window. Possible

|l etters are “F” for fast; “S” for
and “D” -fibwor after

When the controller is in standard mode (not auto

mode) the travel time records but does not compare
to a travel time window and D appears.

The following table identifies the letters appearing in

column two:
F Arrived in fast window
S Arrived in slow window
N No arrival of plunger
D Plunger arrived in standard mode
E Error- controller shut in well

The third column is the plunger travel time.
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Option 3: SHOW TOTAL TIMES

Displays the total accumulated times. These two
accumulated timers represent the total time the sales
valve was open and closed (off). The timers
continue to run while displayed. Pressing the Return
key at any time exits to the history menu.

TOTAL SALES & AFTER
0016:30:01
TOTAL OFF 0024:45:32

Option 4: CLEAR ALL

Clears all run counters, travel times, and
accumulated times. It displays the message
"COUNTERS AND TOTALS CLEARED" upon
selection. Pressing option four clears all history
information. Pressing the Return key at any time
exits to the history menu.

3.7 Menu of Assorted ltems

The Menu key displays a menu of assorted items.
Pressing the Menu key displays the following menu
items:

1) TANK & HI LN HOLD

2) CHNGE FACTRY SETS
3) SELF-DIAGNOSTICS
4) COMMUNICATION

Option 1: TANK & HI LN HOLD

Will allow you to change the TANK PRESENT
option. I f the answer i
option, then you may change the HEAD GAS time.
The HEAD GAS time is the amount of time that gas
sells through the sales valve before fluid and plunger
arrive at the surface.
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Next, answerthequesti on, “SALES OPEN WHE
t o

TANK | S OPEN?” Answer “Yes

at the same time. This is a check valve feature.
Finally, answer the HIGHLINE HOLD question.

Option 2: CHANGE FACTORY SETTINGS

This option allows you to change the following items:

1) AFTER-FLOW ON MSO arrival,

2) Thetime for an EARLY ARRIVAL
FAIL (error), and

3) The number of
OF BU'S TO FAI L)
the well in on error.

Option 3: SELF-DIAGNOSTICS

Provides access to the self-diagnostics menu.

1) BATTERY TEST

2) KEYPAD/INPUT TEST
3) DISPLAY TEST

4) VALVE TEST

The BATTERY TEST indicates the condition of the
battery. The icon in the upper left corner should
blink when the battery reaches full charge; the
battery trickle charges in this state.

BATTERY LEVEL
OK
BAT 6.30V SOL 6.9V
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The KEYPAD/INPUT TEST allows the user to check
individual keys on the keypad and the state of the
external input (active or inactive). A switch
connected to an external input and a GND terminal is
active when closed. To test an external input,
change the state of the connected switch and press
a key on the keypad. The display shows the state of
the input.

PRESS A KEY...

2

E ON-open E AF-open
E OFF-open

In this case, the external off input switches to the
active state.

The DISPLAY TEST lets the user test the condition
of the 4x20-character display. Once this test starts,
it takes approximately 20 seconds to complete.

The VALVE TEST cycles the sales and tank valves
on and off. Press and hold the Return key to end

the test. The tank will not cycle unless turned on by
the “Tank Present?” question.

The latching valves
should be switching
ON/OFF.
Press/hold Ret EXIT

Option 4: Communication

The APC 1000 can communicate to a host system
via a custom five wire RS232 port on the front of the
panel. A custom cable can be ordered for wiring to
data communication equipment, such as spread
spectrum radios and cellular modems. The
controller speaks to MODBUS® RTU protocol. A list
of RTU registers and implemented MODBUS®
functions are available upon request.
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4.0 SPECIAL FEATURES

4.1 Auto Mode Vs Standard Mode?

The auto adjust function optimizes well production
without on-site supervision. The Automated Plunger
Controller (APC 1000™) constantly monitors
changes in well conditions and makes necessary
changes without assistance from the pumper or
other service personnel.

Select auto mode by choosing option four of the

“Load New” menu and selecting opt
threeofthemul t i pl e choi ce-OijNoresti on “ M(
OFF?”

4.2 Afterflow on MSO?

The "After-flow on MSO?" is a special feature of the
APC 1000™. (MSO Magnetic Shut-off On arrival.) It
is a tool that the pumper uses to record the plunger
travel time. The pumper may do this without
switching to an afterflow cycle upon arrival of the
plunger.

The "After-flow on MSO?" only functions while the
controller is in the standard mode. It is ignored while
in the auto mode.

The pumper can sequence his wells with the "After-
flow on MSO?" deactivated or, set to no. For
example, four wells flow into one gathering point.
One well might be open during the first quarter of the
hour, while the next well might be open during the
second quarter of the hour, and so on. The "sales"
time would be set to 00:15:00 and the "off" time
would be set to 00:45:00.
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With these time settings and an MSO on the
wellhead, the controller records the plunger travel
time.

Note: We do not recommend this method of
operation (known as cycling wells). Using this
method does not achieve the individual well's
optimum performance.

4.3 Changing Factory Settings
The factory settings menu is a menu that is found
under the various menu button (Menu). There are
four options that the user can change.

Option 1: AFTERFLOW ON MSO

Asks the question..
Do you want to AFTERFLOW ON MSO arrival?

Option 2: EARLY ARRIVAL FAIL

Allows you to change the early arrival fail time
(factory setting is 00:01:00).

Option3:# OF BU' S TO FAIL

Allows you to changethenumber of “Backup” cy
to enter before the controller shut-ins in the well on

failure (factory setting is 3).

Option 4: LOCKOUT PASSWORD

User may lockout the LOAD NEW and MENU keys
by entering a number from 0 — 64,000.
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4.4 Why use a Tank Valve?

In some cases, there may not be sufficient
differential pressure to flow against the flow line or
separator pressure. In these cases, two options are
now available.

In the first option, a dual valve system allows you to
flow the head gas into the sales line. Then open a
second valve to an open tank. This creates
sufficient pressure differential, allowing the plunger
to reach the surface.

I n this case, the user sets
allowing the plunger to continue traveling up the

tubing without stalling. This method is useful in wells

that produce heavy fluid loads.

In the second option, a new plunger called the Mega
Interlock Pad Plunger can run with much less
differential than the old style pad plungers. This
plunger can lift more fluids with the same amount of
gas than other plungers.

The GLR formula to use with this plunger is 250
scf/bbl/1000 feet. (The average pad plunger uses
500 scf/bbl/1000 feet.) For example, a well that
produces 12 bbls of fluid per day and is 7500 feet
deep will need 27 Mcfd.

250 scf x 12 bbls x 7.5 kft = 22,500 scfd

22,500 scfd / 1000 = 22.5 Mcfd
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4.5 What is the Highline Hold Input?

The HI LINE hold feature keeps the well closed (shut
in) when line pressure is high and the plunger cannot
come to the surface.

d

|y u n
ops b

This feature is active on
“of f” cycle count down st

continues to run.

r
ut

The off cycle count down continues when the line
pressure returns to normal.

High line pressures may occur due to compressor
failure.

Notes:
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4.6 How the APC 1000 Optimizes
Production.

Optimum production for any well occurs when the
plunger makes just enough trips to keep the well from
loading up with fluid.

If the plunger runs more often than needed, the well is
closed (shut in) for more time than required and
production is less than optimum. If the plunger runs less
often than necessary, the well loads up with fluid and
production is reduced and eventually stops.

Upon installation, the APC 1000cont r ol | er has

a

ti me” established. The actual

takes the plunger to travel from the well bottom to the
surface after the well is opened) is compared to the
target time. The controller automatically makes changes
as follows:

1. Travel time < target time.

o Afterflow time is increased, but not
greater than max afterflow time
setting.

e Off time is decreased, but not less
than minimum off time setting.

2. Travel time > target time.
o Afterflow time is decreased, but not
less than MIN AF setting.
e Off time is increased, but not greater
than MAX OFF setting.

The APC 1000 makes incremental changes every time
the plunger arrives at the surface. The size of the change
is based on the deviation from the target time, but the
controller always makes a change of some incremental
amount.
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5.0 Short Cuts

To access certain information, do this:
From the “current t
message”, press ..

#2 - Window Shows
TARGET TIME
HEAD GAS (time setting)
ELAPSED (time running)

Current time cycle counting down.

#3 - Window Shows
TARGET TIME
EARLY FAIL (time setting)
ELAPSED (time running)

Current time cycle counting down.

#4 - Window Shows
MIN OFF (time setting)
BACKUP TIME (setting)
ELAPSED (time running)

Current time cycle counting down.

#9 - Battery check and pressures
(if pressure info. is included)

Menu #9 - Places a hold on the current cycle.
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GLOSSARY

# Start Runs - the number of times the well will open
before the controller adjusts the afterflow and off
time; clean up runs.

# of No Arrivals - the number of no arrivals in sequence
before the controller enters the backup time; a
number from 1 to 9; marginal wells should use one.

after-flow time - a time cycle for after the plunger
arrives at the surface; when tail gas is sold.

AF TIME TO MIN AF — Force afterflow to the MIN AF
setting after a NO ARRIVAL.

APC 1000 - a wellhead plunger lift controller capable of
automatically optimizing production of the well.
APC 500 - a wellhead plunger lift controller that operates

a well based on user settable time cycles.

arrival switch - a device that signals the controller that
the plunger has arrived at the surface.

back-up time - a recovery off time for the well when the
plunger does not arrive at the surface.

CLEANUP ON BU - Controller triggers back up cycle
after a no arrival.

CLEANUP RUNS - # of back up cycles before well is
shut-in waiting for surface.

clear all - the fourth option in the history menu that
clears only the information in the history menu.

CMPLT - the plunger completed a trip to the surface; the
sum total of fast and slow trips.

connector - a terminal for connecting wires to the
module.

controller - an automated device that operates a motor
valve on a wellhead.

control valve - a gas or electrically operated motor valve
that opens and closes the well.

curr times - the current times of the controller (No
Arrival time, afterflow time, Off time, and the current
time counting down).

delay time (after-flow time) - the amount of time to flow
the well after the plunger arrives at the surface.

early arrival time — If the plunger arrives prior to this
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time, the controller will shut-in the well for an error.

external inputs - electrical inputs to the module for
external switches (arrival switch, pressure switch,
tank level switch, etc.).

fall time - (min off time) the amount of time it takes the
plunger to fall to the bottom of the well.

fast - a plunger arrival before the target time.

head gas - the gas that is sold before the fluid and
plunger arrive at the surface.

head gas time - the amount of time that gas is sold
through the sales valve before fluid and the plunger
arrive at the surface.

highline hold - a switch gauge for keeping the well
closed while the sales line pressure is abnormally
high.

history-amenucontaini ng t he wel |
history (plunger counters, travel times, and total
accumulated times).

latching valve - an electrically actuated valve that
operates a gas actuated motor valve in an on and
off state only.

limit times - user changeable preset limits for the
optimization program of the controller.

lubricator / flow tee / catcher - a combination device
for cushioning the arrival of the plunger at the
surface, an outlet for the gas and fluid from the well,
and a tool for holding the plunger at the surface for
removal from the well.

max afterflow time - a limit time for the afterflow cycle;
the controller will not increase the afterflow cycle
beyond this preset limit.

max off time - a limit time for the off cycle; the controller
will not increase the off cycle beyond this preset
limit.

menu - a unigue man to machine interface used by the
APC 1000 controller.

MIN AF — A limit time for the afterflow cycle: the
controller will not decrease the AF cycle below this
preset limit.

min off time - a limit time for the off cycle; the controller
will not decrease the off cycle below this preset
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limit.

module - the electronic panel of the wellhead controller.

MSO - (Magnetic Shut Off on arrival) a type of arrival
switch.

NA - a no arrival of the plunger this trip.

no arrival time - the time the well is open waiting for the
plunger to arrive at the surface, if the plunger does
not arrive by this time, then it is stated the plunger
did not arrive this trip; three times the target time.

off time - the amount of time that all valves are closed.

plunger-a t ool that travels the 1 eng
to Iift fluids from the well' s

plunger velocity - the speed of the plunger; should be
equal to the well depth divided by the target time;
the average plunger velocity should be 700 ft/min
for a conventional plunger.

run counters - the amount of times the plunger has run
fast, slow, and no arrived.

sales valve - a gas or electric actuated motor valve that
transfers gas and fluid from the well to a
separator/gas transmission line.

slow - a plunger arrival after the target time.

solar panel - a photovoltaic device for generating energy
to recharge a battery.

spring (down hole) - a device to cushion the fall of the
plunger at the bottom of the well.

starting off time - the greater of the following two times:
the time the plunger takes to fall to the bottom of
the well or the time it takes to recover the pressure
to lift the next load of fluid to the surface.

supply gas - a regulated gas to 20 - 30 psi for operating
instruments.

tail gas - the gas that is sold after the plunger arrives at
the surface.

tank time - the total accumulated time the tank valve is
open.

tank valve - a gas or electric actuated motor valve that
transfers gas and fluid from the well to a tank or a
lower line pressure gas transmission line.

target time - the expected time the plunger should travel
to the surface; the time at plunger arrival minus the
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time when the well opened.

total off time - the total accumulated time that all valves
are closed.

total sales time - the total accumulated time the sales
valve is open.

total tank time - the total accumulated time the tank
valve is open.

total time - timers that accumulate the total open time
and total close time.

travel time - the time it takes the plunger to arrive at the
surface from when the well is opened.

trip - a plunger arriving at the surface with a load of fluid.

water tight fitting - a connector for bringing in external
wiring into the controller.

well depth - the length in feet from the wellhead to the
end of the tubing string; the distance the plunger
travels.
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