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Chapter

Introduction
This chapter contains general information about the atmospheric consistometer and its
uses as well as detailed specifications for the instrument.

Uses of a Core Permeameter

C

ements are a critical element in the drilling, completion, work over, and
abandonment of wells. For each application, a cement slurry is designed with
specific properties and is given additives that provide predictable slurry density,
volume, viscosity, compressive strength, fluid loss, gas migration, and
thickening time. The core permeameter is typically used in permeability testing to
achieve a greater understanding of the slurry design. The typical test methods are
listed in API Specification 10B-2.

Description of the Instrument
The Model 3020 Permeameter is able to test cement core samples at room temperature
and maximum pressures of 200psi (1.4Mpa) for liquids and 500psi (3.5Mpa) for gasses.
The CTE Model 3020 Core Permeameter consists of the following primary components:
1. Pressure Vessel containing rubber core holder insert.
2. Gas inlet to be used with Air or Nitrogen service at a maximum pressure of
2500psi (174Mpa).
3. Water inlet for water permeability testing.
4. Accumulator for increasing water pressure up to 200psi (1.4Mpa).
5. Flow meter for recording flow of fluid through cement sample.
6. Water / Air testing selection valve.
7. Exhaust valve.
8. Water shutoff valve.
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The CTE Model 3020 is designed only to be used with API specification standard cored
cement samples. These samples must be 1.0in (25.4mm) in diameter and 1.0in
(25.4mm) in length to properly fit in the sample container. Using samples of sizes other
than that specified is not recommended and may be a serious safety hazard.

Instrument Specifications
MECHANICAL
Height:
Width:
Depth:
Weight:

17
12
14
24

ENVIRONMENTAL
Operating Temperature:
Operating Humidity:

(32 to 105F) 0-40C
0-95% non-condensing

in.
in.
in.
lb.

(43 cm)
(29 cm)
(35 cm)
(11 kg)

UTILITIES – COOLING WATER
Nitrogen (N2) or Air:
2500psig (17000 bar) maximum
Cooling Water Pressure:
100 psig (6.8 bar) maximum
Utility Inlets:
¼ inch female NPT

Installation
Upon uncrating the instrument, verify that the instrument and any spare parts on the
packing have been received and are undamaged. Notify CTE if anything is missing or
damaged.
Locate the instrument on a firm level surface. Once the instrument has been moved to
its desired location, water, drain, and air connections can be made. The water inlet,
drain, and air inlet are located on the lower right side of the instrument. All connections
are ¼ female NPT. The drain and water connections may be made with either metal or
plastic tubing.
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If not installed at the factory, the rubber cement holder can be inserted into the pressure
vessel. Be sure to apply a thin coat of grease to all sides of the rubber sample holder before
installation. The base of the pressure vessel can then be placed in the holder located at the
front of the instrument. The outlet connection at the bottom of the holder should be
secured to ensure leak-free operation. The lid of the pressure vessel should remain off until
the core sample is put into place. Use the included copper based anti-seize on the threads
of the pressure vessel to prevent galling. Before operating the instrument, it is a good idea
to check for loose screws or bolts that may have loosened and fallen out during shipment.
This is particularly true for overseas shipments.
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Operation and Calibration
Chapter 2 will discuss in detail the steps required to operate and calibrate the instrument. These steps are
similar to those in API RP 10B-2 Chapter 11.

The permeameter is very easy to use. To operate the instrument, simply follow the
steps listed below.

Preparing the Cement Core Sample
1. Cure the cement slurry in suitable mould as per API specifications.
2. Core the cured cement sample with a 1.0in (25.4mm) ID diamond core drill. The
resulting core sample should be cut to a length of 1.0in (25.4mm).
3. Clean the ends of the core sample to remove any residue. Ensure that the sample is
of the proper dimensions listed above before placement into the sample holder.
4. Push the core sample into the 1.0in (25.4mm) diameter hole in the rubber sample
holder which should be already placed securely into the pressure vessel base.
5. Ensure that the plastic tube is securely connected into the push-on fitting in the
bottom of the pressure vessel.
6. Place the lid of the pressure vessel on and screw down until suitably tight. The lid
should not need to be tightened excessively and there should be approximately .1.3in (2.5-7.5mm) clearance between the lid and the pressure vessel top. Typically a
bench mounted vise and a strap wrench is used to tighten the assembly.
7. Connect the supplied tube connection from the top of the pressure vessel to the
pressure outlet on the front of the instrument.

Operating the Core Permeameter with Water
1. Ensure that all connections are tight and the cement core sample is secured in the
pressure vessel as described above.
2. Turn valves A/B, C, and D to the OFF position.
3. With the regulator turned completely counter-clockwise (closed position) apply air
pressure to gas/air inlet.
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4. Locate the silver colored stainless steel accumulator tank at the back of the
permeameter.
5. Locate the cap fitting at the top of the accumulator tank.
6. Slightly loosen the cap at the top of the fitting.
7. Apply water pressure to the instrument through the supplied water inlet connection
and open the inlet water valve F.
8. Fill the accumulator tank until water can be seen coming out the top and then
tighten the cap.
9. Close the water inlet valve F.
10. Move Valve A/B to the B (water) position.
11. Open Bleed Valve D.
12. Slowly open valve C
13. Slowly increase air pressure as observed on gauge G, with regulator until a steady
stream of water begins to flow out of valve D.
14. Close valve D to divert the water through the cement core sample.
15. Ensure the flow meter knob is turned fully counter-clockwise or fully open for freeflow.
16. Increase pressure on regulator to desired test pressure.
17. Allow small amount of water to flow through flow-meter before recording the flow.
Allow flow to stabilize.
18. Record the flow over time in milliliters per second. Use the lowest possible flow rate
/ pressure for most accurate measurements.
19. Refer to API RP 10B-2 for further information and results analysis.
20. When test is completed, decrease pressure on regulator to 0, open valve D and
allow all pressure to be released. Close valves A/B and C. Close valve D after ALL
PRESSURE IS OUT OF SYSTEM.
21. Disconnect top and bottom tube connections to the pressure vessel.
22. Remove rubber holder and core sample using the supplied hand-driven air pump as
shown in Figure 1. Remove top plug and then apply air pressure to the bottom side
of the pressure vessel. This small amount of air pressure breaks the seal on the
rubber holder and gently pops out of the pressure vessel.
23. Clean pressure vessel and reapply anti-seize as necessary.
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Figure 1

Calculating Liquid Permeability
Calculating liquid permeability with Darcy’s Law

K (md) = millidarcy; permeability.
µ (cps) = centipoise also abbreviated as cp; viscosity of liquid. Water is usually
somewhere close to 890 cp depending on temperature.
Q (mL/sec) = liquid flow rate. Read the location of the ball in the middle and then
use the flow table located at the end of the operation manual to determine the flow
rate.
1 CCM = 1 cm3/min = 1 mL/min. divide by 60 sec to get mL/sec.
L (cm) = cement sample length.
A (cm2) = cross sectional area of cement sample (A=πr2).
Pi (psia) = inlet pressure; add 14.7 to psig to get psia.
Po (psia) = outlet pressure; add 14.7 to psig to get psia.
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Operating the Permeameter with Gas
1. Turn valves A/B, C, D, and F to the OFF position.
2. Ensure that all connections are tight and the cement core sample is secured in the
pressure vessel as described above.
3. Apply gas to the gas/air inlet.
4. Move Valve A/B to the A position.
5. Open Valve D and allow a small amount of air into the drain through valve D.
6. Close valve D to divert the gas through the cement core sample.
7. Ensure the flow meter knob is turned fully counter-clockwise or fully open for freeflow.
8. Increase pressure on regulator to desired test pressure.
9. Allow small amount of air to flow through flow-meter before recording the flow.
10. Record the inlet pressure from the pressure gauge and the mm location at the
center of the ball. Use the lowest possible flow rate / pressure for most accurate
measurements.
11. Refer to the next section Calculating Gas Permeability and API RP 10B-2 for further
information and results analysis.
12. When test is completed, decrease pressure on regulator to 0, open valve D and
allow all pressure to be released. Close valves A/B and C. Close valve D after ALL
PRESSURE IS OUT OF SYSTEM.
13. Disconnect top and bottom tube connections to the pressure vessel.
14. Remove rubber holder and core sample using the supplied hand-driven air pump as
shown in Figure 1. Remove top plug and then apply air pressure to the bottom side
of the pressure vessel. This small amount of air pressure breaks the seal on the
rubber holder and gently pops out of the pressure vessel.
15. Clean pressure vessel and reapply anti-seize as necessary.

Calculating Gas Permeability
Calculating gas permeability using Darcy’s Law
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K (md) = millidarcy; permeability to gas.
µ (cps) = centipoise also abbreviated as cp; viscosity of gas. Air is usually
somewhere close to 0.018698 cp depending on temperature.
Qb (mL/sec) = gas flow rate. Read the location of the ball in the middle and then
use the flow table located at the end of the operation manual to determine the flow
rate.
1 CCM = 1 cm3/min = 1 mL/min. divide by 60 sec to get mL/sec.
Pb (atm) = adjusted barometric pressure. Local barometric pressure is usually given
in inches of mercury and can be converted to atmospheres.
L (cm) = cement sample length.
A (cm2) = cross sectional area of cement sample (A=πr2)
Pi (atm) = inlet pressure; add 14.7 to psig pressure to get psia and then divide by
14.7 to get atmospheres.
Po (atm) = outlet pressure; usually 1 atm or Pb.
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Maintenance, Servicing, and
Troubleshooting
This chapter contains information about the necessary periodic maintenance of the
instrument as well as common service and troubleshooting guidelines.

Maintenance
Permeameters can be relatively reliable and trouble free—provided they are serviced and
maintained properly. Instruments that are neglected and receive infrequent service or are
subject to abuse are certain to cause trouble.
General Maintenance
The instrument requires very little general maintenance. The small amount of
maintenance that is required is listed below.
1. If the rubber sample holder in the pressure vessel becomes dirty or contaminated
with cement, it should be replaced.
2. Thoroughly clean the pressure vessel after each use to remove all traces of cement /
grease.
3. Lubricate the rubber sample holder in the pressure vessel with grease before each
use.
4. Apply anti-seize the threads of the pressure vessel.
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The following is a table of frequently used replacement parts along with the CTE part
numbers.
Description
¼ Turn Brass Valve
Three way valve
Pressure Vessel
Pressure Vessel Top Plug
Rubber Sample Holder
Elbow, ¼ MNPT x ¼ Tube
Connector, 1/8 MNPT x ¼ Tube
Flow meter
500 psi Pressure Regulator
Pressure Gauge, 600psi
Air pump
Shrader valve
Connector, 1/8” FNPT x ¼” Tube

Part Number
C-0056-1
C-0122
23-0011
23-0012
23-0013
C-0054
C-0057
C-0577-1
C-0623-4
C-0625-1
C-0355
C-1338
C-0187
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Plumbing Diagram and Flow Tables
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C-0653 Bulkhead
C-0520-1 Street Tee C-0399 Bracket

PRESSURE OUTLET
C-0520-1 Street Tee
Fill Cap

C-0689
Check Valve

C-0625-1 Pressure
Gauge
C-0735 Connector

PRESSURE

D
BLEED VALVE

C-0178 Connector
SAMPLE
HOLDER
ASSEMBLY

WATER ACCUMULATOR

FLOW METER
C-0571-1
C-0178 Connector

C-0520-1 Street Tee

WATER
PRESSURE

C-0180 Elbow

C

Water Outlet

C-0051-1 Tee
C-0122 Valve
C-0054-1 Elbow (2)
C-0644 Connector

C-0058-1 Cross

GAS

C-0057 Connector

C-0493

C-0056-1 Valve
C-0054-1 Elbow
C-0732 Connector

A

G

C-0056-1 Valve
C-0180 Elbow
C-0732 Connector

F

C-0653 Bulkhead
C-0399 Bracket

WATER INLET

B

C-0653 Bulkhead
C-0689
C-0544
C-0399
Bracket
Check Valve Toggle Valve
C-0921 Conn, port

"GAS PRESSURE
ENHANCED" WATER

Nitrogen Inlet
C-0653 Bulkhead GAS/AIR REGULATOR
C-0399 Bracket
C-0623-4 Regulator
C-0696 Elbow (2)
C-0590 Plug (2)
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