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News from the University of Vermont Proctor Maple Research Center

Using Smartrek’s vacuum monitoring system

BY TIMOTHY D. PERKINS
AND MARK L. ISSELHARDT
Uizersizy of T ermont Proctor Miable Research Conter

Four main factors influence sap yiclds from maple trecs. First
there is the tree resource itsclf. Healthy trecs with adequate
functional sapwood, crown exposure to the sun on fertile soils
with adcqua(t moisture have good grw‘rh rates and product
well. Secondly, weather conditions suitable for stimulating
SﬂP Hﬂw (frttzc—ﬂ'law ﬂfnt&) must ocour to start d'lf Pm.
Thirdly, excellent spout and tubing sanitation practices will
result in slower microbial conmmination of tapholes and slow
the resulting tree compartmentalization during the scason, pro-
ducing stronger sap flows that last later in the spring. Finally,
higher vacuum levels creatc a greater pressurc gradicnt from the
inside of the tree to the outside, producing higher flows from
tapholes. Good artention to all these deails will produce the
best outcome in terms of better production. Changes to indus-
try practices have resulted in rapidly increasing sap yields for
producers utilizing these approaches.

Improved pumps, design and layout of maple tubing sys-
tems, as well improved tubing, fittings and spouts have led ©
higher and higher vacuum levels, However maintaining such
a high level of vacuum Tequires constant attention to monitor
vacuum levels across a widcl}' distributed network of tul:ing
and when a leak is detected, prompt action to locate and fix
leaks. These activitics, although necessary, require considerable
time and effort.

At the University of Vermont Proctor Maple Rescarch Center
(PMRC), we have cxplon:d several different methods of both
custom-built and commercially available vacuum monitoring
over the past fifteen years. In general however, it was not until
quite recendy thar wechnological advances in sensors and wire-
less communications saw the commercial avaﬂability of robust
and cost-cffective remote vacuum monitoring systems suitable
for maple industry applications.

During the winter of 2013-2014, PMRC acquired the
Smartrck Technologies monitoring system as both a way o
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monitor sap Aow variables during the scason for rescarch and
for our production sugarbush of 4,200 taps. Initially our cov-
crage was about 1/3 of our operation. In 2015 we expanded
the system to have coverage of about ¥4 the sugarbush. In
2016 we completed the build-out of the system to provide
coverage for all our sugarbush. Our present system includes

over 72 vacuum/temperature sensors distributed across the two
major sections of our sugarbush, as well as 8 tank level sensors,

and 10 pressure scnsors. In cach casc, it was a very simple mat-
w©r w cxpand our S}’S‘rm by d'lc ﬂd.d.itioﬂ OFHCW nOdCS.

Although this article discusses our experience with the Smart-
ek system (now distribured by H20O, Inc.), there are several
other types of wircless vacuum monitoring systems available.
We have not reviewed all of these, but encourage produocrs o
cxplore their options. We sclected the Smartrck system because
it was one of the carlicst wircless mesh-network systems devel-
oped, had a wide range of features available, and the company
was very casy to communicate with and was open to sugges-
tions for changes and the development of custom scnsors for
our rescarch work. We have been extremely pleased with our
choice.

The Smartrek system as currently configured includes a sta-
tionary “Garcwa)". which connects the various nodes (sensors)
together and connccts them to the internet. The “Gateway” is
typically located at a central position where serves as the base-
station for communications. A “Portable Gateway” is also
available for use in the ficld when installing “Nodes”, trouble-
shooting SENSOTS, OF ﬁxing leaks, While some users may wish
to usc a “Portable Crancway" in such fashion, in practice at
PMRC, we rarely usc it. This may be because our density of
nodes is high, so signal strength is typically not an issue. For
users who wish to have a system with widely spaced nodes or
who wish to use it for locating leaks, the “Portable Gateway”
may have far more utility. The next clement of the system is
an Andmid-based Tablet or Smartphone running the Smartrek
“Sugarheld” software (no iOS version is currendy available).
The tabler and software are primarily used o add, edit, or
calibrate“Nodes” (sensors) and to d.isp]ay the data coming from
the “Nodes” in the woods. “Nodes” are the individual sensors
rhal‘ mgcasurc d‘f \"ﬂriabl( )'Du arc i.nt:m(d iﬂ, a.nd commu-
nicate the information to the rest of the nerwark. Together, a
series of “Nodes” creare a mesh-nerwork of sensors which com-
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municate with cach other in a sort nf]mp—flug manner, and
cventually pass all information to the “Gatoway” and “Tablet”
for display and to the internet for data storage. Data can also
be viewed on an interner browser, :]lhough with fewer fea-
turcs and programming of the system not supported in this
way. The particular software that UVM PMRC has used is a
custom-version that supports addition sensor types, therefore
‘our experience with the software may vary shgl\dy from that of
Cl‘i'lﬂl' Uscrs.

Avaricty of “Nodes” arc available — the most common is the
vacuum node. This type of node comes in two flavors, s'mglc
vacuum or double-vacuum. In the PMRC operation, mast
vacuum IKNEIdE” arc (i'lﬂ Si.l'glﬂ t]"PC, alﬂ]ﬂugl‘lw: dﬂ :mplw a
few double-vacuum scnsors where we have two pumps located
in the same place. Using double-nodes will reduce the cost
somewhat, but are slightly less convenient for menitoring vac-
uum in mainlines, since 5/16” lub'mgwu.l]cl have to be run
b adja.ocm inli For simp licity sake, we amploy
sing]&vac,utun sensors at the end (or sometimes in the middle)
of each mainline. In addition to vacuum, these nodes also
IMEASUIT [EMpErarure, a]lhough because the sensor is inside the
unit, the temperature reflects that of the box itsclf, not air tem-
perature.

Besides vacuum nodes, tank-level sensors are available. One
adw.mag: of the Smartrek sensor is thar it is wircless/ultrasonic
and plamd above Ihcsap (or other) tank, so there are no pml)ﬁ
i.nd]esapwgnindwwayordcan. Thﬁcsc.nsolsa.r:vuy
casy to install and calibrate, and are acmally quite sensitive, so
measuring sap tank depth is both simple and accurate. Anoth-
cr “Node” is a relay, which will allow remotely switching on or
off of various types of cquipment.

Because of our work as a research station, we also needed a
Pressure sensor. Upon our request, Smaruck Technologies buile
IVEJEJ custom Pmlt SCNSOCs fﬂl' us. TIIEI SENSOrs SJk’W us
to monitor the amount of pressurc in untapped trecs during
d'lcfrc:z.r.l’d)awcyc.lc, and is used i.rlbothoi.umaplca.ndbi.rch
research. Other types of sensors are also being considered.

Our axperience with the Smartrck system has been very posi-
tive. In use, we will check the system in the morning to deter-
mine which, ifan){ of the mainlines are showmg low vacuum
and note those arcas nccd.'lng work. This allows us to prioritize
the arcas n:cd.ing attention, and to skip those arcas where the
vacuum remains high. The main bencht of the system is
pinpoint the arcas where time must be spent to restore vacuum

levels quic.ldy, therefore al.lowmg a better dep]oymc.m ofpcp
sonnd to t.l\)ul]]c—spms, and aqLL'lck resolution of leaks. This
allows us to be far more cfiicient in the use ofpcraonncl, and
thus spend more time on other things. Since none of the staff
live ar PMRC (it just seems thar way sometimes), the system
also allows us to be confident when we are not on-site that
vacuum levels arc good and that tanks arc not overflowing, In
shorrt, the Smartrek system allows us to loccp an eye on Ihi.ngs
without actually having to be here all the time. Another use is
to locare which mainlines are prone to freezing. For those lines
where good vacuum is not maintained dnr'mg a frecze, a low
spot or small leak which causes icing is usnally to blame. Con-
sistent loss of vacuum dnn'ng frecze pcr')od.s allows us to iden-
liﬁ' these trouble areas for remedial action dLu'i.ng slow times or
during the offscason.

An example of how the system helps is illustrated by the fol -
lowing, Our birch rescarch continues for several wecks after
the maple scason is over. The birch trees at PMRC are widely
spaced and so arc connected to several various parts of our tub-
ing system for our maplc opcration for vacuum. Onc moming
in 2015 the vacuum level was considerably lower than normal.
Instead of having to start walking through the woods trying
to track down a big lcak from 4,200 taps, a quick look ar the
Smartrck data pi.npo.imod the leak to a si.ngl: mainline, and 15
minutes later the problem was fixed and the vacuum restored.
What would have taken hours to half a day a few years ago
was resolved in 15 minutes using the Smartrck system. Sinee
sap flow is d.irccdy pmponional to vacuum (5-7% increase for
cach inch Hg), the abi]iry to find leaks qu.'lddy d!.u'i.ng the actu-
al sugaring scason hr_lps both prevent the loss of valuable sap
while at the same time saving, pmduc:r time and effort spent
looking for leaks manually. Since a fow major leaks during
peak sap flows or tanks running over can make the difference

berween apmﬁlab]e and a poor scason, having an electronic
monitoring, sys'lcmworkmg for you can bebotha MOonCy saver
and provide a sense of sccurity that cverything is going well.

A few shortcomings have been identified after using the sys-
mmforafcwyws. The first is in the arca of how best to site
the sensors. Since the system works |:y connecting a nerwork
DFDDdﬁ (El’lﬁﬂlﬂ) mch mdc must I'IHVC a K]Hd'l, l:ﬂ(.k o [l'lﬂ
gateway in order to be visible. Given that the terrain in most
sngalbushﬁ is varied, there will in:vimbly be areas where com-
munication back to the gateway is spotty or impossible. Sen-
sors alone do not simply dearly let the user know in the fidld
the strength of the signal. Wi have been able to overcome this
dlmugh trial and error, and I:y addi.ng in “ncpﬂmls” in trou-
blesome areas. It is also important that when starting up the
system for the scason, that the scnsors doscst to the gateway
be turned on first and that you progress outward to the most
distant sensors. This ensures that communication with nodes
is well established. A second issue is battery life. Rapid refresh
rares can dcplcr.: barteries in less than a full season, however in
most cascs such short-term updating is not neccssary, and bat-
tery life will be longer. To counter any possibility of a prob-
lem, we replace all batteries (3 D—cells) annually during the
off-season, and leave the sensors in the woods with the power
off until tapping. ‘This represents an added cxpensc in suppl.ics,
time, and labor.

As the sophistication of these types of technological monitor-
ing systems grows and the field marures, possihlc fearures we
would like to scc implemented indude: automatic GPS loca-
tion of devices, i.mpmvcd siting tools for inslal.li.ng the nodes, a
visual d'splay of vacuum, temperature, and bam:ry level on the
sensor itself, logu:—basucl a]a.rm'lng (u:a.mpl:: do not send a text/
cmail alert for vacuum sensors if temperatures are below 30°F),
and improved data handling and analysis capabilitics.

As rmpl: operations grow in size, expense and oomplc:c'rty,
the need for |:bor—savi.ng strategies to maintain h.ighyidds also
increascs. Vacuum monitoring systems can improve the ability
of producers to manage their vacuum tubing systems provided
dlq‘ are installed corm:dy, maintained plopcr]y, and used to
efficiendy focus arcention on areas that need it the most.

** Any reference to commercial products, trade names, or brand
names is for information only, and ne endersement or approval is
intended.
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