
The PMAC Dynamic 

Scale Loop 

Original PMAC System for evaluation of scaling tendency and 
inhibitor performance 

The PMAC System is an invaluable research and development tool for tech-
nologists responsible for the design, operation and efficiency of water han-
dling systems in which thermal; pressure or chemical changes promote the 
deposition of scales. 
The PMAC System provides an 
accurate, reproducible and rapid 
method for selecting and quanti-
fying the most effective means of 
controlling scale deposition un-
der dynamic conditions. 
The PMAC series is suitable for 
use where the process or reser-
voir temperature is greater than 
100 deg C. It is also recom-
mended where the effects of 
pressure on scaling tendency is 
to be studied. It is the only means of studying the deposition of Anhydride 
under dynamic conditions. 
The PMAC Series are designed to the specific temperature and pressure 
range conditions desired by the client. 
Temperatures can range from ambient to 250 deg C and pressures up to 3000 
psi or higher. 
Electronic Module The Control panel gives a pictorial flow diagram of the in-
strument processes and 
controls. Digital displays allow the operator visual control of the test parame-
ters. 
Pressure Monitoring 

The outlet pressure is controlled and 
maintained at a constant pressure 
while the inlet pressure varies according to 
the capillary restriction due to 
scale build up. The differential pressure is 
monitored and represents the 
scaling profile across the test coil. The 
pressure sensing is done using a 
differential pressure transducer, which 
tolerates aqueous fluids on the two 
ports and monitors the change in pressure 
across the test coil. The two 
pumps allow different ratios of two brines 
to be mixed in a mixing cell. 
The addition of other channels allows 
evaluation of different chemical 
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Range of Dynamic Scale Loops (DSL) 
ta!/ ƴƻǿ ƻŦŦŜǊ ŀ Ŧǳƭƭ ǊŀƴƎŜ ƻŦ 5{[ΩǎΣ ŦǊƻƳ ǘƘŜ aŀƴǳŀƭ !ǘƳƻǎǇƘŜǊƛŎ tǊŜǎǎǳǊŜ 
Rig through to the Fully Automated Computer Controlled HP HT/ LT (below 
room temperature) model. 
Deviations are custom built to individual 
client needs, such as: 
Multiple dosing: 
¶ the instrument can be built with an 

automated sequencer allowing for 
the automation of serial dilutions, 

¶ programmed for pre-scaling, before 
running the dynamic test, simulating 
ƳƻǊŜ άǊŜŀƭƛǎǘƛŎέ ǇƛǇŜƭƛƴŜ ŎƻƴŘƛǘƛƻƴǎΣ 

¶ programmability for self cleaning after the analysis is complete, before 
coming to a stop. 

Combined these capabilities reduce manpower needs allowing 24 hour op-
erations, offer repeatable conditions thus reducing errors within the lab(s). 
Replacing the Loop with an inline filter: 
- allowing for detection of ideal for lead and zinc sulphide inhibitors 
(reference PMAC Field Sidestream for Scale and SPE paper100627) 
Note: The DSL could be fitted with both the Loop and the Filter, configured in 
series, parallel and or independently to individual requirements. 
Add HP HT pH Measurement Probe: 
- PMAC have devised an inline pH measurement capability, mounting pH 
probe and HT reference probe within the heated zone, at the outlet of the 
test coil providing for pH measurement at test conditions in excess of 100 
degC and up to 2000 psi. 
Heating Module 
- Depending on the application this can be either an Oven or a Water Bath; 
both come with a precision temperature controller. The water bath option 
allows for low temperature monitoring, used in subsea tie-back well studies. 
 
Models 
 
The PMAC DSL-2A Series is a dual channel DSL. 
Operating at atmospheric pressure, the DSL-2A is designed within a single electronic 
module, providing twin dual-headed pumps and an oven unit. Giving the operator the 
flexibility to run either two different samples or the same sample in duplicate at the 
same time. Thus reducing analysis time. Each operation has independent differential 
transducers, which can also be automatically set by the operator. The oven is situated 
to the side of the unit being the similar height and similar dimensions to the main 
module and contains all the plumbing required including preheat coils and test coil. 
Electronic Module 
This contains the main signal conditioning hardware and pressure monitoring trans-
ducer and associated power supplies. 
The front panel contains the following function controls: 
Offset. 
The offset is required to be able to zero the baseline pressure reading to remove the 
impressed signal due to the initial fluid viscosity. 
Pressure Trip. 
This is useful to prevent over pressure occurring due to blockages etc in the coil.  It 
can also be used for performing pressure v time curves. The rear panel contains the 
pressure inlet port from the oven and all the required electrical connections, each 
coded for identification. 
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Pumps 
These are two-peristaltic pump units with dual heads and are situated either under 
the electronic module or along side. 
These are of the latest design, which gives accurate tube loading each time. 
They feature remote stop start facility (optional). 
Forward and reverse and fast fill settings. 
Data Logging 
The software is easily loaded and quickly developed to plot time, system pressure, 
differential pressure and temperature. 
A simple programme is supplied, in order to demonstrate its simplicity and allows the 
operator to effectively plug in the system and run. Output is through a standard 
RS232 port to a PC. 
Oven Unit 
The internal piping, is be duplicated to provide dual analysis capability, consists of 
two 2 metre precoiled preheat coils which terminate onto the test or scaling coil. This 
can be of any diameter or length, but the standard is 1.1mm I.D and 1 metre in 
length. Other coils can be supplied to order. 
 

The PMAC DSL- 250 Series  
Designed for operating at pressures up to 250 psig, the DSL-250 is a low cost HPLC 
delivery system, built within a single electronic module, containing two manually op-
erated pumps and an oven unit. The pump heads are 10cc constructed with ceramic 
insert liquid-contact parts. The System set-up gives a maximum flow rate of 20ml per 
minute (optional 50ml per minute available). The HPLC pumps do not have pressure 
regulation installed and therefore at elevated pressures the flow rate will be slightly 
reduced. PMAC compensate this by pre-calibration of a fixed flow rate of 5cc/min 
with a backpressure of 250 psig. 
 
The oven is situated to the side of the unit being the similar height and similar dimen-
sions to the main module and contains all the plumbing required including preheat 
coils and test coil. 
 
The electronics are all fully enclosed within IP boxes for enhanced safety. The oven 
comes complete with independent temperature control and thermo cut-out as stan-
dard. System pressure and the differential pressure both come with pre-set with in-
built safety cut-out. 
 
Backpressure control is through a Swaglok 4R3A pressure release valve. Given the 
aggressive nature of the fluids inside the heated zone fittings the pre-heat coils are 
constructed in Monel; with the outside in 316SS. The system is constructed com-
pletely within a lightweight aluminium frame. 
 
Control & Data Collection 
A Pico Logger logs the relevant data in real time, displaying operating criteria directly 
on a PC. The raw data can be transferred into Excel spreadsheet for manipulation. 
The Pico displays and logs System Pressure, Differential Pressure and Temperature 
against time. 
 
Note: This is a low cost no frills unit but it does deliver highly repeatable results at 
elevated pressures and temperatures. There is no control panel display (as in the 
PMAC DSL 6000); the oven and the pumps are manually set and not programmable. 
 

The HP/ HT Semi-Automated PMAC DSL-6000 
This System is designed with two Knauer pumps with PMAC Firmware loaded, plus 
the PMAC 4-channel Solvent Organiser. This option removes the necessity of a third 
HPLC pump utilising the Solvent Organiser to pre-mix the anion and anion + inhibitor 
solution prior to the pump. This option also provides the capability of programming 
{ȅǎǘŜƳ ŎƭŜŀƴƛƴƎ ǘƘǊƻǳƎƘ ǘƘŜ ǘǿƻ άǎǇŀǊŜέ ǎƻƭǾŜƴǘ ŎƘŀƴƴŜƭǎ ǇǊƻǾƛŘŜŘ ƛƴ ǘƘŜ hǊƎŀƴƛǎŜǊΣ 
providing an automated System, once the differential pressure transducer has been 
engaged. 
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The System is designed with two HPLC pumps, a master and a slave. The pump heads 
are 10cc, constructed with ceramic insert liquid-contact parts. The System set-up 
gives a maximum flow rate of 20ml per minute (optional 50ml per minute available). 
System design pressure and temperature are to a minimum of 6000 psi (reduced to 
3000 psi for the higher flow rate) and 250 degrees centigrade respectively. Flow con-
figuration is programmable at flow ratios between 0-100%. The Systems process is 
fully automated and simulated on the electronic flow display panel. 
 
The electronics are all fully enclosed in IP boxes for enhanced safety. The oven comes 
complete with independent temperature control and thermo cut-out as standard. 
System pressure and the differential pressure both come with pre-set with inbuilt 
safety cut-outs. Backpressure control is through a pressure release valve. Given the 
aggressive nature of the fluids inside the heated zone, fittings and pre-heat coils are 
constructed in Monel; outside is 316SS.  The system is constructed completely within 
a lightweight aluminium frame. Semi -automation of the System is controlled from 
ǘƘŜ άaŀǎǘŜǊέ YƴŀǳŜǊ ǇǳƳǇ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ŘƛŦŦŜǊŜƴǘƛŀƭ ǇǊŜǎǎǳǊŜ ǘǊŀƴǎŘǳŎŜǊ ŀƭŀǊƳ 
criteria, once the System pressure and flow rate stabilise and the differential trans-
ducer engages. 
 
Back Pressure Valve 
The backpressure valve controls the system pressure and is a constant flow valve. The 
valve is manufactured in 316 stainless steel and is a standard Swaglok component 
with optional internal seals, and varying pressure ranged spring mechanisms. 
Oven 
The oven is the heart of the instrument, the oven contains the brine preheat coils and 
the test coil. The oven is a fan assisted ambient to 250oC. The PMAC oven is a stan-
dard oven unit from GenLab with safety cut-out feature, although controlled from 
the DSL control panel the oven has a independent power supply from the DSL. 
Pumps 
Two HPLC Pumps fitted with heads rated at 10ml/minute heads and a back-flush fa-
cility manufactured from SS with ceramic liquid contact parts. The pumps are sup-
plied in a 100-0 / 0-100 % configuration. The pumps are operated from the program-
mable Master pump. A pump manual is supplied with the document package, which 
fully describes the pumps and their functions. 
Solvent Organiser System 
The Solvent Organiser is a fully automated solvent mixing system with a four-valve 
solvent chamber. All wetted parts and connections to the pump-head are manufac-
tured in PEEK. The Solvent Organiser is programme driven from the master pump to 
deliver pre-mixed anion + inhibitor concentrations to the pump-head e.g. Port One 
ǎǳǇǇƭȅƛƴƎ άǇǳǊŜέ ŀƴƛƻƴ ŀƴŘ ǇƻǊǘ ¢ǿƻ ŀƴƛƻƴ Ҍ ƛƴƘƛōƛǘƻǊΦ ¢ƘŜ {ƻƭǾŜƴǘ hǊƎŀƴƛǎŜǊ ǇǊŜ-
mixes the solutions at the desired ratio prior to the pump-head. The two remaining 
ports can be utilised to provide programmed cleaning of the DSL with descaler and 
deionised water. Each of the ports is programmable to supply 100-0%. 
Transducers 
Two pressure transducers are used in the PMAC DSL: 
A system transducer to measure the system pressure, 
A differential transducer (measure the change in differential pressure across the test 
coil caused by scaling of the coil). 
The Electronic Display 
The display gives a pictorial view of the System functions and operating conditions: 
Power Switch gives an override power to the System electronics. 
Temperature Display shows the oven temperature in degrees Centigrade. 
Pressure Display for system pressure is a panel-mounted LED type 3½ or 4½ digital 
display. The System pressure transducer is independent of all the other settings and 
unaffected by any of the panel or computer controls. 
The Differential pressure transducer has a panel-mounted LED type 3½ or 4 ½ display 
with manual input controls for DP1 and DP2 scaling end-points. A second LED type 
ŘƛǎǇƭŀȅ ǿƛƭƭ ŦǳƴŎǘƛƻƴ ŀǎ ŀ ǎŀŦŜǘȅ άƻǾŜǊ-ǇǊŜǎǎǳǊŜέ ǇƻǿŜǊ ŎƭƻǎǳǊŜ ŎƻƴǘǊƻƭΦ 
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Control & Data Collection 
A Pico Logger will log the relevant data in real time. This can be transferred into Excel 
spreadsheet for easy manipulation. The System offers a similar degree of automatic-
ƛǘȅΣ ōȅ ǳǘƛƭƛǎƛƴƎ ǘƘŜ YƴŀǳŜǊ ƳŀǎǘŜǊ ǇǳƳǇΩǎ ǇǊƻƎǊŀƳƳŀōƛƭƛǘȅΣ ŀǎ ǿƻǳƭŘ ǊǳƴƴƛƴƎ ǘƘŜ 
System directly from a PC, and allows for operation even when the computer is un-
available. The PMAC DSL Control panel displays the System Pressure, Differential 
Pressure and Temperature (optional) allowing for manual operation if required. 
Programming Requirement Specification 
PMAC will pre-programme the Knauer pumps, prior to shipment, to meet the four 
experimental processes as detailed: 
(1) Single dose, no pre-scale; (2) Single dose, pre-scale; (3) Multiple dose, no pre-scale 
and (4) Multiple dose, pre-scale. 
 
The HP/ HT Semi-Automated PMAC DSL with optional inline Filter 
The System was originally designed for lead and zinc sulphide inhibitors; built to the 
same standards as per the PMAC DSL-6000 except it has a 3000 psi operational limit, 
with two Knauer pumps plus a Solvent Organiser; in addition to the traditional Test 
Loop it also has an inline Micron Filter, either in series or parallel (reference PMAC 
Field Sidestream for Scale and more recently SPE paper100627). 
 
The System is designed with two HPLC pumps, a master and a slave. The pump heads 
are 10cc constructed with ceramic insert liquid-contact parts. The System set-up 
gives a maximum flow rate of 20ml per minute. System design pressure and tempera-
ture is to a minimum of 3000 psi and 250 degrees centigrade respectively. Flow con-
figuration is programmable at flow ratios between 0-100%. The Systems process is 
fully automated and simulated on the electronic flow display panel. This DSL is fitted 
with an inline filter to enable potential scale build up / fouling across a fine micron 
mesh. The DSL has a single System pressure transducer and two differential transduc-
ers: one measures the change in differential pressure across the test coil and the sec-
ond across the inline filter. 
 
The HP/ HT Fully Automated PMAC DSL-6000 (Latest Model) 
This is the latest model in the PMAC DSL range; it is built to the same specification as 
the DSL-6000 above except it is now fully automated using LabView (hardware and 
software) developed specifically for the PMAC DSL. All inputs are through a standard 
Windows format screen display, all parameters are displayed during the run, selec-
tion of no pre-scale/ pre-scale single run or serial dilution operator options. 
Again, as in the Semi-Automated DSL it has inbuilt ability for self cleaning before com-
ing to a stop; overall smaller footprint, easier to set up for routine analysis. 
 
New Optional Capability 
HP/ HT pH Measurement Probe 
 
HP/ HT pH probe and HT reference probe can be mounted within the heated zone 
(oven) allowing for pH measurement at test conditions (in excess of 100 degC and up 
to 2000 psi). It can connect to a standard pH meter, however it would involve calibra-
tion and correction for the water dissociation constant at system temperature; alter-
natively, we would propose to use the voltage or potential measurement function, 
and just measure the potential of the pH probe against the potential of the reference 
probe. You can then derive pH using the Nernst equation. A panel-mounted potential 
measurement display that would give a continuous analog output can be installed. 
 
¢ƘŜ ǘǿƻ ǇǊƻōŜǎ ǿƻǳƭŘ ōŜ ŦƛǘǘŜŘ ƛƴǘƻ ǘƘŜ ƻǳǘƭŜǘ ǿŀǘŜǊ Ŧƭƻǿ ǳǎƛƴƎ ŀ ǎǘŀƴŘŀǊŘ ѹέ {ǿŀƎπ
lok cross fitting. The back end of the reference probe would however have to be fit-
ted to be external of the heated zone, so as to assure the internal component (AgCl) 
does not decompose during a test run. The reference probe will require regular main-
tenance of the electrolyte otherwise it will be damaged. 
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