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MatrixHeat Operator Manual

1. System Overview

. Introduction

MatrixHeat software was developed to allow operation of the Mount Sopris heat-pulse flowmeter
probe using the MATRIX Logger. Please refer to the Logger Software Operator Manual for
details on the Matrix logger and its associated software.

The software takes advantage of the Microsoft Windows O family of operating systems. These
multi-tasking software platforms can accommodate all the tasks necessary for maximum data
security and ease of operation.

New features have been added to the MatrixHeat logging software:

New binary data format with .MH file extension

Probe firing via on-screen button; replaces thumb controlled hardware button
Ability to scroll through data samples and re-pick heat pulse events
Simplified user controls for calibrations and picking parameters

On screen tabulation of each tool firing, with interactive viewing capability
Export pick times and flow values

Export traces

Time stamped data

=A =4 =4 4 -4 A4 -4 -4 -

No maximum time limit in the acquisition window

ll. Required Components

To operate the heat-pulse flowmeter with the Matrix logger, the following items are required:

Mount Sopris HFP-2293 or 4293 heat pulse flowmeter probe
Calibration data for the heat pulse flowmeter probe

Current .tol for the heat-pulse probe

=A =4 =4 =4

Matrix Logger with firmware numbers equal to or greater than:
0 System controller 112
0 Modem controller 115
o PSU controller 100

1 LoggerSuite operating software installed to provide USB drivers

[1l.Installation

Run the MatrixHeat setup program provided.

The default location for the installation is C:\MatrixHeat, you can accept this location or change it
but make note of any changed location.

A desktop icon and Start Menu folder are created for MatrixHeat.
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2. Software Architecture

. Introduction

The MatrixHeat software is a stand-alone product. It is required when operating the Mount Sopris
Heat Pulse flowmeter on the Matrix logger.

MatrixHeat version 3.2.67 or later is required for operation on Windows 7 and Windows 8.
The Matrix Operating Software, Logger, is not used for this purpose. Clicking on the MatrixHeat

shortcut ¥ or executable file in the MatrixHeat directory starts the software.

The program opens a screen like the one below:

@ Untitled - MatrixHeat 2 =10/ x|

File Edit View Help

D@ (X[ 4% L Pw|?

Depth [m] | Acq. Time | Pick Timels] | Flow[]

| || T Averaged values at same depth
| Ready [ Inum 4

To begin, click on File on the top menu bar:

P/N 7000202e 4
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© Untitled - MatrixHeat

File Edit View Help

New QN b, | R ‘
Open... Ctrl+0

Save Ctrl+S

Save As...

Acquire...

Export, .,

1 CologCal1-19-06.mh
2 CologCal1-19-06.mh
3 Fi\matrixheat| TANKEst.mh

Exit

|
To connect with the Matrix logger, select Acquire.

You will be asked to provide a tol file; you should see the HFP2293_mtx.tol TOL file listed. If not
you will need to navigate to /MatrixHeat/Tol/Current. This tol file is specific to MatrixHeat
software, and should only be installed in the /MatrixHeat/Tol/Current directory. Do not install any
other non Heat Pulse tol files in this directory. It is possible to have more than one Heat Pulse tol
file in the directory, if you have more than one probe, with more than one calibration. If the
Matrix logger is detected by the USB routine on the PC, the tol file will be loaded, and the current
depth value in the Matrix logger will be loaded.

X
D=EE #y S P
’U;,en ﬂ]@
Look in: l@ Cument LI ﬁi‘ '
Bl hofz295. o]
x|
Depth [m] File name: [ms(hof2253103 ]
Files of type: | Tool Files(".TOL) | Cancel

7 Averaged values at same depth

Ready

NOTE: If the logger has been used with a different winch model, it may be necessary to exit the
program and verify (with LoggerSettings.exe) that the proper depth encoder settings are
programmed into the logger. Refer to the Logger Operating software manual for more details.

After the tol file has been selected, a screen like the one below will appear:
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DX |& %2 o ]2

x

| Depth[ft] | Acqg Time | Pick Time[s]| Flow [Gal /mir

4 |

I~ Averaged values at same depth

—Display
(" Depth/Speed
@ Trace

Vertical Gain

~ Telemetry

Trace length...

QL

@ Status: Valid
Scope Settings... Cursor value

INUM | 4

ll. Powering the Probe

Once all winch settings have been confirmed, the probe may be powered up using the Tool
On/Off button on the left side of the screen. The correct power settings are read from the Tol file,
and are automatically adjusted depending on the wireline type and length. In general, the probe
operates on 60 VDC and 180 mA of current. Operating current is lower than charging current.
Charging current is applied when the probe is first powered up, or immediately after the probe is
fired. New in version 3 are current and Voltage displays. New in version 3.3.22.8 is an option to
change the Display to Depth/Speed mode which is useful when operating the winch.

a) Checking calibrations

After the probe is powered up, it will take several minutes for the probe measuring array to
stabilize and for the firing capacitors to charge up. This is a good time to confirm that the proper
calibrations for the probe have been entered in the Tol file and saved.

ai Note: Calibration Settings

For the Flow Calibration button to be active the probe must be fired at least one time and the data
added (click the Add button in the lower right side of the Acquisition screen). To access the
calibrations screen, select Edit on the top task bar, and then select Flow Calibration as seen
below:

© TANKtst.mh - MatrixHeat

File | Edit View Help
[  Delete | SR CRTTHIR
Picking Options...

Flow Calibration...

Check the calibration values for the probe being used against the values on the calibration
screen. An example follows:

P/N 7000202e
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Flow Process i x|

Flow
0K
Flow = K1/DT + K2/DT"2 Units: |Gal,a’min. -————————J
Cancel |
Up Flow Calibration

Flow: |U,1 Delta Time: 63 s O
Flow: |0.02 Delta Time: ]18_5 3

K1: IU. 380823
C
|-D.200229

K2:

|

Down Flow Calibration

Flow: |"I Delta Time: IUB s
Flow: |-0.02 Delta Time: |19 s

Rem: Down Flow uses negative flow values

K1: |-U. 37433
C
m K2 |-0.1 35042

Please note that Down Flow values are considered to be Negative numbers.

b) Checking proper probe operation

After entering the calibration numbers, it is recommended that the user check the probe data to
confirm that it is operating properly, and is ready to begin a logging operation. The best way to

see if the probe is sending data is by clicking on the "% 1 button. A screen like the one
below will appear:

Vertical Done

40 pS/DIV

Probe data consists of a ~20 kHz positive pulse stream on the wireline, which will vary with the
response of the sensor pairs to presence of
of data on the wireline scope screen, the probe is not sending data.

After confirming that the probe is sending data, the user should check the main data display

a

P/N 7000202e
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screen to verify that the pulse detection modem is in fact detecting the ~20 kHz signals. The
following screen shows a properly functioning probe and modem, with a baseline frequency of
around ~19 kHz. If a zero value is indicated on the lower portion of this screen, the modem
needs to be adjusted. This might be the case for a long wireline.

- Depth Display

© s KD |

~Tool

" Depth/Speed
@ Trace

Vertical Gain

~ Telemetry
@ Status: Valid

Scope Settings...

il
Time: 6.16 Value: 1187

c) Adjusting the modem

If a normal (18-20 kHz) value is not indicated on the heat-pulse real time acquisition screen
(shown above), modem adjustment may be required. To access the modem controls, click on the

i Settings... | - R
st utton, and then on AAdvancedo to show the mod:¢
The advanced modem settings are embedded in the tol file, depending on the wireline type and
Confldir Pulza Cdijpiears Lj
Analyziz Info

Vertical scale Harizantal scale

multiply by Yolt/Diw

T Lin ™ Log

Configuration
o Megative Pulzes 1 [ Autornatic
Digcriminators Mode: N i
Pozitive Pulses 1 [ Automatic << ddvanced
Input Gain Discriminators
[~ Enable [¥ Enable
Gain Megative [+] Positive [V
X8 X16
X4 x32
X2 X654
X1 128
X0:
[ Automatic

length. In general, the gain of the modem should be left in manual mode, and the positive

discriminator should also be left in manual mode, such that it is centered in the middle of the

modem display screen. The screen pictured above shows proper position and settings for the

heattpul se fl owmeter operating on a 500 meter winch wi

Moving the discriminator slightly closer to the center peak and away from the center of the signal
valley may reduce spikey noise on the data trace particularly on coax wireline.

P/N 7000202e 8
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Using the winch controls, lower the probe to the zero point. The probe zero point is the junction
between the probe top and the cable head. Once the probe is placed at this point, referenced to
c | é @bkittomam theé degth window and a dialog box like the

the zero depth locat i o n ,
one below will appear:

Depth and Speed can be shown in the Display panel by selecting the Depth/Speed menu item
located on the right side of the Display panel (v3.3.22.8 and later only). Select the Trace menu
item to return to data display mode. Units for depth and speed will be those set in the Matrix

Logger using LoggerSettings.

~ Telemetry
@ Status: Nodata

Scope Settings... i

Ready

Display

Change depth i

& Depth/Speed

x|

X

Cancel
| Zero Tool

[T hom [

Select Zero Tool, and the depth should automatically be set to 0.97 meters (or 3.18 feet), which is
the mid-point of the sensor array. Keep in mind that the probe is actually 1.22 meters (4 feet)

long.

Once the probe has been zeroed, it can be lowered to the first firing depth. In general, the first
depth depends on user preference. It is sometimes preferred to begin measurements at the top
of the borehole, so as not to disturb the fluid flow patterns in the lower sections. Movement of the
probe (and the close fitting flow diverters) can temporarily influence the borehole flow regime.

To avoid interference from eddy currents that might be induced by lowering or raising the probe,
the operator should wait a few minutes at each shot depth before firing the probe. This will
provide the most accurate data, and avoid erroneous readings.

Note that the Depth/Speed colors are controlled within the Matrix.ini file located in the
C:/MatrixHeat folder. The default color is red characters on black background.

lll. Firing the probe

a) Picking Options

Before firing the probe, the operator should set the picking options to match the estimated heat
pulse arrival time. In a new well, with no information, it is best to set the parameters so that a
long time interval is available. Two Time Sample settings are required. One is in the Flow Pick
window, and the other is in the Shot Window display. The Time Sampling for the Shot Window
controls the actual length of the record. The Time Setting in the Flow Pick Window only controls

the display of the saved fl o w

trace.

As

t he

|l ogging

proceeds,

parameters to make the best use of time available. For faster flow rates, the time window can be
decreased to save time. However, even for faster flows, the probe must recharge between shots,

and this time is fixed.

To set picking options, click on the Pick Options icon on the top selection bar. The various
selections on this are shown below:

P/N 7000202e
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& TANKtst.mh - MatrixHeat

File Edit VYiew Help

Automatic picking Piski optians Time scale

Picking options can also be accessed by clicking on Edit, Picking Options.

The picking options window is shown below:

© TANKtst.mh - MatrixHeat

File Edit View Help

DSE X |+= |0 0w
x|

— Parameters
k 0K
1 Window Time Min: IU‘B sec

Window Time Max: |1 0 sec
Load defaults

- Threshold ratio: |3 %FS ———————— | .

[ store as defaults

Cancel

lal

The Window Time Min value should be kept low, in general. It is the minimum time after which a
pick will be allowed. Normally, there is no measurable flow before 0.6 seconds, as the flow is so
fast that the sensors cannot see the heat pulse.

The Window Time Max value is the maximum time in which a pick can be allowed. Once this
value is reached, the program will stop recording, and automatically make a pick on the maximum
or minimum peak produced by the heater grid within these times.

The Thresholdratioi s t he fAdetection | evel o above which the
For low heat pulse peaks, the level may need to be decreased, and for very high peaks, the level
can be raised.

These three parameters are represented on the plot record by dashed lines. The Time windows
are vertical, and the Threshold ratio is indicated by a pair of dashed horizontal lines equidistant
from the zero baseline. An example is shown below:

P/N 7000202e 10
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® TEST.mh - MatrixHeat [ =10 x|
File Edit View Help
DS @ X[ +% S P R
-
Window Time Min. Window Time Max.
N
Threshold Ratio (% FS)
Depth : 18.64 ft
Acq. Time : 03/03/2006 15:22:59
Pick Time : 6.00s
Flow : -0.07 Gal./min.
hd|
x
Depth [ft] | Acg. Time | Pick Timels] | Flow [Gal./min.] |-
18.64 03/03/2006 15:22:59 6.00 0.07
18.64 03/03/2006 15:25:07 216 -0.21
1004 e R lata B ia T TuTadl § ~Sa Tal I ) 19 na"7

The Time Scale parameter is set by clicking on the time scale icon on the menu bar. It brings up
a window like the one below:
X

Time Scale

—Scale
| oK I
o 0.0 Cancel
High(s): |12 12.0

This time scale is the maximum time scale that will be displayed on the Flow Picking screen. This
Time Scale is not the same time scale that is presented on the Shot Window, which is described
in the following section

A third icon on the main menu is the AutoPick selection. It is used to re-pick a heat pulse event
in the data records, if the operator does not believe that the first pick was correct. It is used after
picking parameters are adjusted, and when pressed, will automatically select a new pick, based
on the new parameters.

b) Firing

Once all parameters are set, the probe can be fired. The fire button should only be pressed if a

smooth baseline, with a frequency of around 20 kHz, +/- 2 kHz, is present in the shot window. If

the baseline is wavy or changing with time, this is usually caused by probe induced flows. The

operator should wait until this backgr tasmathfinoi seo
baseline is shown on the next page:

P/N 7000202e 11
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] Depth Display
@

~Tool———
in | [ @ 60 W
off || @I 188w

" Depth/Speed
@ Trace

Vettical Gain

(] Charging...
Telemetry scelenat
©@ Status: Valid fZlear
Scope Settings... Add
'I%me: 6.16 Value: 1157 [ nom [ 7
Note that the Time Scale on the Shot Window is set by clicking Trace length.. button:
- Depth - Display
Depth: m " Depth/Speed
O s KD | & Tiace
Trace Length
[ Tedl Wertical Gain
T | @ e s
of || & e Q
: mis X
Equalize Fire
felemehy -
@ Status: Valid Ges I
Scope Settings... ad
Tine: .16 Vake: 1197 [

The length of the time scale on the Shot Window must be long enough to capture the heat pulse.
If it is not, the operator should increase the time to make sure the pulse is detected, if one exists.
Normally, there is no usable data past a time of 25 seconds. When the end of the time scale is
reached, the system stops, and the probe begins its recharge cycle.

If the trace goes off the top or bottom edge as it draws across the screen turn the Vertical gain
dial counter clockwise towards min to shrink the trace size. To increase the trace size, turn the
dial clockwise towards max.

Once the probe fire button is pushed, a real time plot of frequency vs. elapsed time will appear in
the shot window. This green line indicates the differential temperature being sensed between the
two thermistors, which are located equidistant from the heater grid in the center of the probe. The
direction of the flow is based on the net frequency response. If the frequency goes down, the
flow is down. This is shown graphically on the shot window until the elapsed time passes the
Time Scale setting chosen for the shot. After the firing event, the probe begins an automatic
ficharging cycl eo, in preparation for the next shot.

If the shot record appears to indicate a successful flow event, the operator should press the Add
button at the lower right hand corner of the shot window. If the record is questionable, it can be
deleted from the display with the Clear button.

An example of a real time shot record is shown on the following page.

P/N 7000202e 12
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File Edit

== #y Ao

.

o

© s I |
Tool

—

@ af

Telemetry
@ Stus Valid

Scope Settings.

Sampling

[

Display

Charging

Ready

This sample record appears to be valid, so it is added to the Pick Window register by clicking the

- [=]x]

[
Pick Time[s] | Flove [Gal. /mir

Depth [Feet] | Acq. Time

I Awveraged values at same depth

Add button. The record is then moved into the Pick register table, which shows the pick

information and calculated flow rate for the current shot.
'O Unlitie:

MatrixHeat:
File Edit View Help
DEE[(X &= o8| F
Depth 356 Feet
Aca, Time: 07/04/200613:38:26
Pick Time 7405
Flow : 0.06 Gal. /min,
T
| Depth Display
vept: | NI
@
N
Tool
Fire
@
Qff
Telemetry
@ Status Valid
Scope ESettmgs
Sampling
Settings...

Time: 8.13 Value: 38414

To fire the probe again, the user must wait until the probe cap

E|
Depth [Feet] Acg. Time Pick Time[z]  Flow [Gal./mir
356 07/04/20 740 0.06

I~ Averaged values at same depth

acitors are fully charged. This

process is indicated in the window with the bar graph meter, right under the Fire button. Itis a
good idea to make at least two firings per station, to confirm the accuracy of the measurement. A

second firing, in the same interval is shown below:

P/N 7000202e
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LA 0nitied S MatrixtEat _J Jd‘

File Edit View Help

DS (X [4=% o8| T

=

Depth [Feet] | &cq. Time | Pick Timefs] | Flow [Gal./mir
356 07/04/20.. 740 0.06
356 O7/04/20. 7.50 0.08

B

Depth: LBE Feet

Acg. Time : 070472008 13:38:26
Pick Time : 740¢

Flow : 0.04 Gal /min. [~ Averaged values at same depth

e Depth Display
Dept: | N

@
S

Tool
[0
@ Qff
Charging

Telemetry
@ Status: Valid

Scope Settings

Sampling
[

Time: 3.60 Value: 1246

c) Re-picking

In the event that the automatic peak picking did not actually pick on the correct pulse, it is

possible to adjust the NMirnacaknedt oMatxh et icrnoer rweicntd opwsl steo,
the Threshold ratio and then press the autopick button again. It will re-pick a new time within the

new parameters. In general, this should only be necessary when a large change in flow

magnitude occurs.

Re-picking can be done at any time, simply by highlighting the shot on the list of data in the Pick
FI ow tabl e. I t ipy oecwesrs Op @S <ikbsl d atteerirasrsi ng the pr
connected. Simply start the program, open the data file, and proceed as above.

V. Exporting Data
AU © 1-21-0sioofiowmh -Matriieat ]
created, it should be saved as an

|Fle Edt View Help

*.mh file, by clicking on the main
task bar File selection, and ey SN Bk | R then
on Save or Save As. This Dpenily CHO saves
the data in a binary file that 288 Skt can
then be displayed or re- PAVE B

processed using MatrixHeat. Acquire. .,

To obtain a text version of the :'Ck b S data
results, for use in other 1 1-31-08MHORFIoW. mh rores..

programs such as WellCAD, i or
Excel, select File,

ExportéPick times and flow values, as shown in the

Example of exported *.txt flle

P/N 7000202e 14
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-loix

' File Edit Format Help

{|IDepth,Acq. Time,Pick Time,Flow A
i|£t, ,s,6al. /nin.

18.6418,03/03/2006 15:46:33,0.909091,0.727696
18.6418,03/03/2006 15:47:35,1,0.630327
'|18.6418,03/03/2006 15:48:36,0.8,0.885455
(|18.6418,03/03/2006 15:49:44,1,0.630327
18.6418,03/03/2006 15:50:37,1,0.630327
18.6418,03/03/2006 15:51:37,1.05,0.586155
18.6418,03/03/2006 15:53:05,0.95,0.680796
18.6418,03/03/2006 15:56:14,1,0.630327

Figure 1 Export Pick times and flow values .txt file

Figure 2 Export Traces .txt file

In the traces export file above, the first and second line Depth,Acq.Time is a label followed by the
acquisition time digitization sequence which beginning with 0 and ends with 12(seconds) on line 12. Note
the trace amplitude values are sampled every 0.06 seconds with trace length time equal to the longest
used during the acquisition.

Line 13 is ft. label, which depends on the Software Depth/Speed Units; see MatrixSettings.
Line 14 begins: 0,31/01/2006; which is depth, date

Line 15 begins: 12:53:10, 500.042; which is time stamp, first amplitude data point additional amplitude
data points per time slice follow.

The next amplitude trace record is at line 32 the sequence of Line 14 and 15 is repeated on this and
subsequent records. Traces may vary in length depending on the trace length used.

P/N 7000202e 15















