16 Install the Sap Flow Meter
Care must be taken to install the sensor. Ensuring the needles are parallel and aligned axially
is imperative to collecting good data and being able to easily and quickly determine
direction of flow. Corrections can be made but there is no substitute for good preparation
and installation of the needles. It is recommended that you watch the installation video
before beginning the installation for the first time.

16.1Selecting a Measurement Tree
Select a measurement tree or plant that is representative of the environment in which you are
sampling. Your experimental hypothesis will provide the necessary guidelines to determine
this. Additional considerations that should be considered providing they do not conflict with
your experimental goals are:
(1) Select a tree that is not obviously dead, dying or that has sustained abnormal
physiological trauma such as physical damage, fire, insect damage or poisoning.
(2) Consider partitioning the sample trees by sap wood area based on a de-facto
parameter of stem Diameter at Breast Height Over Bark (DBHOB). Break the trees into
size classes and measure sub samples of trees within these size classes.
(3) Avoid the impact of “edge effect” by measuring trees on the edge of a forest or
clearing where ambient environmental conditions may be significantly different to
those experienced by the majority of the other trees in the experiment.

16.2Measure the Stem Diameter
After selecting the trees that satisfy the limits of the experimental protocol, begin by
measuring the stem diameter of each tree. Measure all trees at the same point for
comparison. The convention used in forestry is to measure at 1.3m above the ground over the
bark, this is known as Diameter at Breast Height Over Bark (DBHOB) as this provides a wellknown reference for comparison between experiments.
Use an inextensible steel or fiberglass diameter tape that is graduated in centimeters (cm)
and calibrated on both sides; one in diameter and the other circumference.

Photo 21 Diameter tape calibrated Diameter on one side (left) and circumference on the other (right).
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16.2.1 How to convert stem Circumference to stem Diameter
If you do not have a dual calibrated diameter tape it is possible to simply measure stem
circumference with a conventional tape and convert the measurement to stem diameter.
Using the equation for the Diameter of a Circle:
۱

Equation 16

ૈ= ܌
Where: d = diameter
C = Circumference of the Circle
Ǒ 3L 

16.2.2 Stem Diameter Measuring protocol
(1) First determine where breast height or 1.3m is on your body and use this as the guide
for the height at which all measurements will be made on the sample trees.
(2) On uneven or sloping ground always stand on the upslope or high side of the tree as
the reference point for making the measurement at DBHOB.
(3) Remove any old, rough, loose bark that is clearly senesced. The reference point should
be as close to new living tissues as possible to ensure an accurate and stable
measurement. Poor sampling technique that fails to ensure this can result in erroneous
data due to a net contraction in DHBOB between seasonal measurements that masks
the true physiological growth.
(4) Select a location on the stem that is devoid of any obvious swellings, distortions or
branches. If necessary move the tape above and below the obstruction by up to 10
cm and take an average reading.
(5) Wrap the tape around the tree, at right angles to the main stem. Be careful not to twist
the tape then pull the tape tight on either end. Be sure never to cross your arms to
record the measurement as this will obscure the tape and or skew the measurement.
(6) Read the measurement to a resolution of 1 decimal place.

Photo 22 measuring stem Diameter at Breast Height Over Bark (DBHOB) using a diameter tape

16.3Measure Bark Depth
Begin by removing any loose flaky or rough fibrous bark to achieve a datum or reference
point from which to measure. This should already have been done prior to measuring the
stem diameter.
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NOTE 74: The SFM1 should be installed at the same point at which the stem diameter and bark depth
are measured.
WARNING 9 - When preparing the bark surface it is essential that the reference or datum point be
equal for both measurement needles in the axial direction around the heater. This is to ensure all
measurement points are located at the same depth below the cambium and across the radial profile
of the sapwood.

16.3.1 Bark Depth Gauge
Measure the bark depth using a bark depth gauge. This is a dedicated tool that consists of a
sharp curved blade that slides inside a calibrated scale graduated in mm. The handle of the
blade provides a large base upon which to push the blade into the stem. The sharp blade is
specifically curved so that it cuts through the soft outer bark fibres, but cannot penetrate the
denser xylem fibres of the sap wood. If it was not curved the blade could continue to be
forced under pressure into the xylem fibres, splitting them apart and resulting in an erroneous
measurement of bark depth that makes it appear deeper than it actually is.

Photo 23 Bark Depth Gauge (left) and using a Bark Depth gauge to determine bark thickness (right)

16.3.1.1 Using a Bark Depth Gauge
Place the end of the bark depth scale against the stem of the tree then firmly push on the
handle of the tool forcing the blade through the bark. The blade will cut through quite easily
until it strikes the sapwood. At this point the user will feel a difference in the resistance and not
be able to push the blade any further. It may also be possible to hear the subtle audible
impact of the blade striking the xylem as it ceases to move deeper into the stem.

16.3.1.2 Using a Flat Blade Screw Driver for Bark Depth
Alternatively, use a flat blade screw driver turned in the horizontal plane. Using a hammer,
hammer the screw driver into the stem until it stops moving. You should hear quite an audible
change in the pitch of the noise of hammering the screw driver that coincides with an abrupt
change in resistance as the blade strikes the sap wood. Continuing to hammer the screw
driver will not increase the depth of the screw driver into the stem; this indicates the sap wood
has been reached. Mark the edge of the tree on the screw driver, remove and measure this
distance. That will be the bark thickness.
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Photo 24 using a flat blade screw driver to measure bark thickness
WARNING 10 - If using a flat blade screw driver in the vertical orientation the screw driver will merely
split the fibres and not provide a true measure of where the bark, phloem and cambium stop and the
sapwood commence.

16.4Measure Sapwood thickness
Use a coring tool to determine the trees sapwood depth or thickness. Bore the coring tool into
the stem at least half way through the tree to ensure that the core passes through the sap
wood into heartwood. Remove the sapwood core and stain with an indicator dye and
measure the sapwood thickness. Knowledge of the sapwood thickness will ensure that the
measurement points of the SFM1 needles can be correctly positioned within the water
conducting xylem of the tree.

Photo 25 stem cross sections of two different tree species Eucalyptus sideroxylon (left) and Callitris
glaucophylla (right) illustrating the variability of sap wood and bark thickness. This variability between
species highlights the importance of knowing the thickness of both bark and sapwood so that the
radial measurement points of the SFM1 needles can be positioned in water conducting tissues.
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16.4.1 Setup the Coring Tool
Unpack and setup the coring tool by following sequential steps below:
Step 1 - Unscrew the extractor from the
handle.

Step 2 - Remove the borer auger (bit) from
the handle along with the extractor.

Step 3 - Turn the lock and insert the auger (bit)
in the handle. Then gently turn back the lock
until the auger is secured into the handle.

Step 4 – The borer is now ready for use.

Figure 84 the 4 steps to assemble the coring tool

16.4.2 Extracting a Sapwood Core
At the start and until the borer engages into the tree a few millimetres, push only moderately
hard. Do not use force and do not mistake the increment borer for a hammer! If doing so, the
result will most likely be the broken tip of a perfectly good instrument. The boring should be
initiated with a gentle press and at the same time screwing movement. This will help maintain
a proper borer alignment and provide a stable pivot point for the core barrel and prevent
cork screwing.

Photo 26 gently guiding the coring tool at the start of a sap wood core on a tree
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WARNING 11- When screwing the corer into the tree, Do NOT use force when starting the penetration.
It may cause damage to the corer and small chips may come out of the tip. Gently guide the
penetration with one hand and gently push and turn clockwise with the other hand at the centre of
the borer handle. Hold the corer handle steady. When the initial 2-3 cm has been penetrated, use
both hands to turn the handle.

After the coring tool has penetrated the sap wood, use two hands to apply more force, but
continue to maintain a level and perpendicular orientation to the tree. Continue boring into
the stem until the centre of the tree has been reached. This will ensure the full thickness of the
sap wood has been sampled.
Once the centre of the tree has been reached, the coring tool will have cut a thin continuous
core of wood crossing the bark, sapwood and heartwood interfaces. Insert the extractor
sleeve and twist the handle in the opposite direction to break the core attachment to the
tree. Keep the extractor sleeve pushed firmly into the handle of the coring tool throughout
this process. This is very important to ensure the core stays intact. Slowly remove the extractor
sleeve together with (hopefully) the intact core sample.

Photo 27 withdrawing the intact sapwood core using the extractor sleeve

Photo 28 applying the indicator dye Methyl Orange using a pipette
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WARNING 12 - The increment borer should be removed from the tree immediately after the core has
been extracted. Only a few moments too long in certain tree species will make the unscrewing
procedure almost impossible, since the fresh wood in the tree immediately starts its healing process to
seal the hole.

When the core is removed apply an indicator dye to the sample, such as Methyl Orange
(provided by ICT with the coring tool). The indicator dye will stain and differentiate the
sapwood from the heartwood. Allow sufficient time for the indicator dye to absorb into the
fibres before measuring.
After approximately 15 minutes (response time varies considerably between species) a
distinct colour change becomes evident between the actively conducting xylem of the
sapwood and the non-conducting xylem of the heartwood. The lighter coloured area is the
sapwood and the dark region is the heartwood. The heartwood stains darker due to the
build-up of tannins associated with the lignification process of heartwood.
Depending upon the pH of the sap wood different dyes may be required. As an example
Methyl Orange works well with many Eucalyptus species as it turns the sap wood yellow and
the heart wood a deep red colour. Now use a rule or callipers to precisely measure the radial
depth or thickness of the sapwood.

Photo 29 measure the sap wood thickness, as identified by the distinct colour difference between
sapwood and heartwood using a set of callipers

16.4.3 Preparing an Indicator Stain
Methyl Orange (C14H14N3NaO3S) is the most common indicator stain used in determining sap
wood thickness because its colour changes depending upon the pH. Methyl Orange is a pH
indicator that measures within the Acid range of 3.1 to 4.4. It will turn Red in strongly acid
solution (pH 3.1) or tissues such as the heartwood consisting of tannins with comparatively low
moisture content, and Yellow in very light Acid solutions (pH > 4.4 to neutral pH 7) or tissues
such as sapwood that have a relatively high water content which is often close to pure
water. In most trees species this range is adequate to discern between regions of Heartwood
and Sapwood.
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Methyl Orange is supplied by ICT International as a premixed solution in a 15 ml eyedropper
bottle ready for use. However, if additional stock is required it can be mixed by the end user.
Methyl Orange can be purchased from Laboratory and Chemical supply companies in the
form of a dry, granular powder.
16.4.3.1 Mixing instructions for Methyl Orange Indicator
Methyl Orange is very potent so a small number of granules are all that is necessary to make
sufficient volume of solution. The standard mixing concentration is a 0.1% solution. In a glass
beaker measure out 0.1 gm per 100 ml of deionized distilled water. Best results are obtained
when dissolving Methyl Orange in hot, deionized distilled water. Stir the granules until they fully
dissolve. Allow the solution to cool, but prior to reaching room temperature decant into an air
tight sealed container. Shake the solution vigorously for a several minutes to ensure all
granules are dissolved into solution with no precipitate. Finally, decant into a 15 ml eye
dropper bottle for use in the field as required. Store the remainder of the solution in the air
tight storage container.
WARNING 13 - Be sure to take appropriate care following safety guidelines both of the Methyl Orange
MSDS and when using hot water.

16.4.4 Destructive Sampling to Measure Sapwood
In some plant tissues it is not always possible to obtain a definitive sap wood thickness
because the color differentiation between heart wood and xylem is indistinct even when
using a pH indicator. An alternative option is to perform destructive sampling. This has obvious
disadvantages in that it signals the end of the experiment to measure sap flow in the tree.
Nevertheless, if performed at the end of the experiment it can provide a definitive verification
of the sap wood thickness using more precise and definitive methods. The first is obviously a
direct empirical measure of the transverse section of the stem segment using a rule. Again this
may not yield definitive answers as with the coring and staining approach.

Photo 30 a destructive empirical measure of a transverse stem section a rule to determine the sap
wood thickness. Species such as Calitrus glaucaphylla (left) have a distinct delineation between
sapwood (white tissue) and heartwood (reddish brown tissue towards the centre of the stem). Other
species may not and require microscope evaluation of the vascular tissue.
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16.4.5 Microscopic analysis
Ultimately, where macro visual analysis is unable to differentiate active and inactive xylem,
microscopic analysis of transverse thin sections will be able to definitively determine if xylem
vessels and or tracheid’s are open conducting water or fully lignified, closed off and not
conducting water.

Photo 31 Microscopic analysis of a sapwood transverse section showing the open vessels which
confirm the sample to be sapwood

16.5 Attach Installation Guide
Select the site on the stem to be measured. It should preferably be a flat, straight section of
stem large enough to fit the drill guide with no branches, knots, nodes or obvious insect or
pest damage present. Before installing the drill guide, calculate the position within the
sapwood of each measurement point. The ideal position of the Outer measurement point is
approx. 2.5 mm below the cambium-sapwood interface. This is to ensure the region of highest
sap flow, being the outer youngest layers or rings of sap wood are measured.
If the measured bark thickness is greater than 10 mm the Outer measurement point, located
approx. 12.5 mm from the base of the measurement needle will not be located in sapwood
and result in erroneous, and difficult to interpret data. In this situation it will be necessary to
remove sufficient bark to ensure the Outer measurement point is located correctly within the
outer sapwood.
NOTE 75 if it is necessary to remove bark, ensure that a sufficient area is removed to accommodate
the drill guide so that it can be placed firmly and squarely to the stem, otherwise it will be difficult to
achieve accurate parallel drilling of the holes which will cause erroneous sap flow data.

Attach the installation guide to the tree using the 4 anchor pins of the guide to locate and
secure the guide to the tree. For small diameter stems between 10 mm to 25 mm diameter it
may be necessary to pack the back of the installation guide with a stick to ensure a stable
mounting of the guide on the stem. This should then be held in place with clear adhesive or
sticky tape so the holes of the guide are easily visible and can easily be drilled through.
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Photo 32 SFM-SK1 Drill guide attached to a smooth barked Eucalyptus camaldulensis (left) and installed
on a small diameter branch using sticky tape to secure it in place
WARNING 14 – Removing the installation guide can be dangerous. The force required to extract the
guide from the bark is significant and causes it to be released rapidly with little control. Under these
circumstances the very sharp mounting pins have the potential to cause minor injury to the users
fingers. To avoid this potential issue it is recommended to use a flat blade screw driver to lever the
guide out slowly and carefully.

16.6Begin Drilling
Commence drilling three holes, beginning from the top position of the drill guide, moving
sequentially to the bottom hole. The operator should be positioned in a comfortable manner
that ensures complete control of the process. Wherever possible perform the drilling process
at chest height in the drilling stance, avoid holding the drill well above or below chest height
as this takes the drill out of a manageable eye line in which level operation can be
maintained. Standing to one side, perpendicular to the drill allows the operator the ability to
monitor the level of the drill during the process and maintain level. Be sure to complete drilling
each hole before moving to the next one. Use only the dedicated SFM-55 drill bits provided.
Do NOT attempt to drill each hole in a single pass. Only drill short increments of 1-2mm depth
on each pass. Within only 1-2 mm depth of drilling the flutes of the drill WILL fill with xylem fibres
and require cleaning. Choosing to continue to drill with the flutes full of fibres causes’ friction,
this generates heat.

Photo 33 a comfortable drilling stance, perpendicular to the drill, positioned at chest height in the
drilling stance to will enable the operator to control and maintain level of the drill
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As the drill bits are very thin diameters, heating of the drill bit will result in a loss of mechanical
strength. This will cause the drill bit to “wander” through the sap wood finding the path of
least resistance. At this point you are no longer drilling a hole with control or direction. You are
now effectively using a blunt nail. This has the effect of pushing the xylem fibres apart rather
than cutting and removing them. Therefore, as soon as the drill is withdrawn the fibres relax
back into position and no hole for inserting the measurement needle has been prepared.
WARNING 15 - Holes must be drilled slowly. If you attempt to force the drill into the stem you WILL break
the drill bit. The power drill should be set to “drill speed” (for variable speed power drills) and the trigger
fully depressed so that the drill bit is spinning at the highest speed. This will produce a clean cut of the
fibres and reduce tearing and bruising of the xylem cells. The drill bit should not be pushed or forced
into the stem under any circumstances. This simply increases wounding and forces fibres to be
compressed into the end of the hole making needle insertion difficult or impossible. Use short, slow
increments in drilling the hole removing the drill bit regularly to remove waste fibres and debris from the
flutes of the drill bit. A small wire brush is useful for cleaning drill flutes during this process. Installing sap
flow sensors is not for the “Fast, and the Furious”! Remember Aesop’s fable of the Hare and the Tortoise,
slow and steady wins the race!
NOTE 76: If installation holes are drilled longer than the measurement needle it has no bearing on the
health of the plant or the accuracy of measurements. Therefore, it is best to drill the holes too deep
rather than too shallow. Additional drilling to lengthen the holes without the use of the drill guide is
possible but must be kept to an absolute minimum to avoid expanding the diameter of the drill hole
near the surface.

16.6.1 Drill bit specifications
The drill bits are 1.3 mm diameter x 75 mm long. The specifications of these drill bits were
chosen to exactly match the diameter of the SFM1 measurement needles. They provide a
snug, but not excessively tight. The tolerance of both the drill bit and the measurement
needle are high, but the fit should not be considered an interference fit. The needles should
still be able to be removed without using excessive force. This very close matching of
diameters ensures the measurement needles are perfectly coupled thermally with the stem
resulting in a good, even heat transfer between the measurement needles and the xylem.
The length of the drill bit is designed to provide sufficient length to be secured in the chuck of
the power drill so that a 35 mm hole can be drilled into the stem with the drilling guide left in
place.
NOTE 77: The drill bits used are made of high speed steel with to improve cutting performance and
longevity. The drill bit is 75mm long and has a very precise diameter of 1.3 mm. SFM1-55 drill bits are
non-standard specifications and cannot be bought from a local hardware store. Replacements drill
bits are readily available from ICT International.

16.6.2 Cordless Power Drill
Use a cordless power drill that has a high rotational speed (Revolutions Per Minute – RPM) so
that you get a good clean cutting action.
NOTE 78: A Dremel cordless power drill is recommended as it has a long life Lithium Ion battery for long
field use and does not have a large, heavy battery located in the handle at right angles to the drill.
Such physical designs acts as a counter weight and cause the operator to unconsciously drag the drill
down while drilling. This causes the holes to diverge from parallel. Typically, if the operator realises this
mistake the instinctive, rapid overcorrection results in the drill bit breaking off in the tree.

Insert 25 mm or less of the drill bit into the chuck of the cordless drill. Use the length of a sensor
needle (35 mm) and thickness of the drilling guide (10 mm) to gauge the correct depth of
insertion. Approx. 5 mm of space should be left between the chuck and the drilling guide
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when a hole of correct depth has been drilled, meaning that approx. 50 mm of the drill bit
should extend from the chuck of the drill.
All holes must be drilled prior to the removal of the drilling guide. That is, it is not appropriate to
drill one hole and then remove the drill guide, for any reason, and then replace the drill guide
in order to drill another hole in the same triplet. The small error created by replacing the
drilling guide generates an asymmetry between the probes, which although usually
correctable if small enough, is nevertheless unhelpful to the data gathering process.

Photo 34 Drilling a hole through drilling jig attached to tree

The holes should be a “snug fit”, but you should not need to physically force the probes into
the holes. If this is the case the holes require further cleaning. If cleaning does not improve the
fit of the needles the holes may have become skewed during drilling due to incorrect drilling
technique as a result of excessive speed and force. The complete installation must be
discarded and redone on a new site that is unaffected by the previously drilled holes.
NOTE 79: Try to avoid wherever possible, the need to clean the holes once the drill guide has been
removed. Although, it is acknowledged that the xylem fibres of some species are held under extreme
tension and would appear to “relax” after the hole has been drilled making the insertion of the
measurement needle very difficult. In this situation the hole will need to be reamed out by carefully
running the drill back and forth through the hole to cut away the expanded fibres that encroach into
the hole. Do NOT attempt to redrill the hole. Simply hold the drill without pressure and allow the drill bit
to run in and out through the existing hole.
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Photo 35: Cleaning the holes made once the drill jig is removed

16.6.2.1 Drilling Tips
If using a conventional cordless power drill rather than the recommended Dremel cordless
power drill, best results are achieved when the power drill is held in the horizontal plane rather
than the vertical, (conventional up and down) plane. This is because the power drill is
unbalanced with the majority of the weight distributed in the handle and the battery below
the drilling position. The uneven weight distribution causes the operator to initially lower the
drill and then upon realising over compensate and push the power drill up. The result is either
a broken drill bit and or a skewed hole that is difficult to push the needles into.

Photo 35: Horizontal drilling using a conventional cordless power drill

16.7Check the Holes are Parallel
After drilling all three holes, remove the drill guide and check the installation to see if the three
holes are aligned axially and parallel to each other. This can be done by inserting three drill
bits into the holes and inspecting them visually. A piece of 5 mm lined note paper can be a
very handy guide.
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Photo 36 two methods of physically verifying that the holes have been drilled parallel before inserting
the needles
NOTE 80: Drilling the three holes for installation CANNOT be done quickly. A set of three holes will take
between 5 to 10 minutes to drill correctly. In the event of the guide slipping off or a drill bit breaking in
the guide that cannot be removed without removing the guide, it is advised that the installation be
abandoned and a new site be found to start a fresh installation.

16.8Use Spacers
Before installation you must determine the location of each measurement point in the
sapwood. This is done by knowing the bark depth and sap wood thickness from the bark
depth measurements and sapwood cores done initially. If the bark thickness is greater than
10 mm thick it is recommended to remove some bark to allow the outer measurement point
to sit 2.5 mm below the cambium in the outer sapwood. If the bark is thinner than 10 mm it is
recommended to cut small spacers of the exact thickness required to locate the outer
measurement point approx. 2.5 mm below the cambium in the sapwood. Spacers can be
made from electrical cable sheath stripped from the figure-8 power cable used for charging
the SFM1. Use a single edged razor blade to cut all three spacers the same length with square
edges on both sides.

16.9Grease Needles
Prior to inserting the needles it is advised to use a small amount of inert silicon vacuum grease
to aid both installation and removal of the needles. Used in moderation it is very safe and will
not affect the plant or the measurement in a detrimental way. This will improve the thermal
coupling of the needle to the sapwood, and minimise the cementing action of sap and gums
produced by the tree in response to wounding around the invasive holes drilled into the sap
wood. This will be of significant benefit when it comes time for un-installation.
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Photo 37 Use a 10 mm offset syringe filled with silicon grease to apply grease to the needles. Note the
red spacer located against the hub of each needle

16.10Insert Needles and Attach SFM1 to Tree
If all three holes are satisfactory and the needles greased and spacers fitted (if necessary)
now insert the needles. Begin by inserting the top needle first, then heater and finally the
lower needle. You should only require light finger pressure to insert the needles into the drill
holes.
WARNING 16 – NEVER use a hammer or heavy object to hammer the needles into place. This will
damage the needles.

Slot the mounting bracket into the custom mounting slots on the back of the SFM1 to attach
the instrument to the tree. Position the instrument so that a gentle curve in the cable of the
measurement needles is created to take the strain off the cables. Then fix the mounting
bracket in place. The bracket provides for many attachment options such as; using a 25 mm
long flat head nail on either side hammered into the sap wood of the tree. Alternatively, a tiedown strap and buckle can be passed through the slots on either side and tightened around
the tree.
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Photo 38 SFM1 Sap Flow Meter Installed

NOTE 81: If you are installing in an area of known rodent activity it is recommended to cover the cable
with conduit and or bury the cable. If the cable is damaged or cut, repairs are very straight forward
and are clearly outlined in a separate document describing joining cables:
www.ictinternational.com.au/splice.htm

16.11Insulation
Generally, no radiation shielding or thermal insulation is required around the instrument or
stem of the plant. This is because the SFM1 is a Heat Pulse Technique and the measurement
protocol involves measuring and accounting for thermal gradients before commencing the
measurement process. If, it is anticipated that temperatures are likely to change within the
100 second measurement cycle (e.g. transient sunflecks that can warm needle hubs),
reflective bubble-foil shielding can be used to insulate the needles. If temperature differences
between the tree and SFM1 are expected to exceed 15 ºC, the use of reflective shielding
over the sensor should be employed.
16.11.1
Insulate Needles on Small Diameter Stems
If needles extend beyond the stem they should be insulated from direct sunlight which will
conduct heat back along the stainless steel needles and confound or swamp the
temperature increase from the measurement heat pulse. The insulating jacket taken from
stripping the end of the figure-8 charging cable is ideal and with the aid of a small amount of
silicon grease slides straight on. Alternatively, some insulating foam could be used. Finally
cover the full installation with aluminum foil to reflect direct radiation. The insulating
conductors or foam will prevent heat transfer from the needles touching the aluminum foil.
For further reference it is recommended that you watch the small stems installation before
working with small stem installations for the first time.
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Photo 39 installing insulation conduit on exposed needles extending beyond the diameter of the stem
(left) and applying additional foam insulation (right)

16.12Uninstall
SFM1 needles are relatively easy to remove. The key is to be gentle and slow the same as with
installation. Begin by grasping the hubs of all three needles and turning them in a block about
a quarter turn anticlockwise, then a ¼ turn clockwise. You should hear and feel a cracking
sound as the stainless steel needles break the gummy bond with the sapwood. Remove
each needle individually. Place your left hand index knuckle against the stem to brace as a
pivot point and your right hand as a guide on the cable. The right hand will not and should
not apply any pulling force as this could damage the needles.
If the needles are especially tight you may need to use an additional lever such as a flat
bade screw driver. If this is required it must be used very carefully and only in short distances.
Attempting to lever the needle out in a single pass with a screw driver WILL bend and most
probably break the needle.
16.12.1
Needle Removal
Begin by using a small lever or flat screw driver inserted against the edge of the epoxy
base of the sensor to gently prise the needle back from the edge of the tree. If bark or
cambium remain in place around the needles this can now be scraped away to give
access to the lever or screw driver.

Photo 40 removing small layer of bark or cambium from around the needles to give access to the epoxy
base of the needles to allow access with a small lever.
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Insert the flat blade of the lever or screw driver between the tree and the centre of the
epoxy base of the needle. Only mild leveraging force is necessary to break the seal
between the needle and the sapwood. Once the seal is broken and the needle begins
to move try withdrawing the needle by hand. If it is still too difficult to do by hand
reposition the screw driver and continue levering the needle out and guiding the base of
the needle with your other hand. Be careful not to bend or break the needle. Repeat this
procedure for the remaining two needles.

Photo 41: Using a flat screw to slowly and evenly prise the sensor needle out of the tree

NOTE 82: If the SFM1 Sap Flow Meter is being uninstalled because of a fault or, damage sustained to
the measurement needles please contact ICT immediately for assistance with repair. Do not store the
damaged instrument as this will cause unnecessary delays when the Sap Flow Meter is next required for
deployment.

16.13Repair
The SFM1 needles are extremely well manufactured and robust however, it must never be
forgotten they are delicate scientific instruments that must be treated with care. Uninstallation
is the activity where they are most likely to sustain serious damage, especially if the tree has
grown rapidly and substantially calloused around the needle hubs and or cemented the
needles into the sapwood with sap, resin and gums. Below are examples of damage that
can occur if the preceding instructions for removal are not expressly followed with great care.

Photo 42: Broken needles

Any or all of the three needles can be cut and replacement needles soldered on to the wires without
compromising accuracy. All soldered connections must be electrically isolated from one another using
heat shrink tubing or similar. A detailed tech support sheet for replacing SFM1 needles is available from
the ICT International website www.ictinternational.com.au/hrmjoin.htm
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16.14Care & Maintenance
SFM1 Sap Flow Meters are designed to be reused in multiple installations and applications.
The Instrument is fully water proof and environmentally sealed. Web based Firmware
upgrades can be performed by the user so the instrument can always be updated with the
latest features or advancements. Individual measurement and heater needles can be
replaced if bent or broken for any reason. There is no reason not to expect many years of
reliable service from your SFM1 Sap Flow Meter if maintained and treated well.
16.14.1
Cleaning
When all the needles are removed clean them with a damp sponge using a mild
detergent (if necessary) to remove any gums or tannins residue left behind from the tree.
Dry the needles store in a cool dry place until you next require instrument.

Photo 43: Needles that require cleaning
NOTE 83: Gums and tannins on the needle of the SFM1
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16.14.2

Storage

The SFM1 is shipped in a custom designed storage box. It is recommended that this box be
kept and used to store the SFM1 when not in use. This will protect the needles from damage
and make the instrument easy to store neatly on a bookshelf or cupboard ready for the next
deployment.

Photo 44: store the SFM1 in the custom design box that is was shipped (left) this makes for ease and
convenient storage on a book case or cupboard
NOTE 84: To maintain the longevity of the SFM1’s internal lithium polymer battery, it is recommended
that periodically every 3 months the instrument be charged. This will ensure the lithium polymer
chemistry is maintained in a healthy state and will ensure a long and productive service life of the
instrument when deployed in the field.
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