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10HS 1 INTRODUCTION

1 Introduction

Thank you for choosing the 10HS soil water content sensor. This
innovative sensor enables you to monitor volumetric water content
of soil accurately and affordably. This manual helps you understand
the sensors features and how to use this device successfully.

There are several ways to contact Decagon if you ever need assis-
tance with your product, have any questions, or feedback. Decagon
has Customer Service Representatives available to speak with you
Monday through Friday, between 8am and 5pm Pacific time.

Note: If you purchased your sensor through a distributor, please con-
tact them for assistance.

Email:
support@decagon.com or sales@decagon.com

Phone:
509-332-5600

Fax:
509-332-5158

If contacting us by email or fax, please include as part of your mes-
sage your instrument serial number, your name, address, phone, fax
number, and a description of your problem or question.

Please read these instructions before operating your sensor to en-
sure that it performs to its full potential.

1.1 Warranty

The sensor has a 30-day satisfaction guarantee and a one-year war-
ranty on parts and labor. Your warranty automatically validates
upon receipt of the instrument.

Index

Accuracy, 4
Background, 3

Cable length, 4
Calibration, 12

Dielectric, 12

Service, 12
Campbell Scientific, 14
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Connecting

ECH20 Utility, 9
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10HS 2 ABOUT THE 10HS

2 About the 10HS

The 10HS measures the dielectric constant of the soil in order to find
its volumetric water content (VWC). Since the dielectric constant of
water is much higher than that of air or soil minerals, the dielectric
constant of the soil is a sensitive measure of volumetric water content.
The 10HS has a low power requirement and very high resolution.
This gives you the ability to make as many measurements as you
want (i.e hourly) over a long period of time with minimal battery
usage.

2.1 Background Info

In 2005, the Decagon research team optimized a sensor oscillator fre-
quency for very high accuracy soil moisture measurements. The first
sensor to incorporate the new frequency was our EC-5 sensor. The
EC-5 quickly became Decagon’s most popular soil moisture sensor.
The new 10HS sensor uses the same 70 MHz oscillator frequency
as the EC-5, but has a larger soil volume and requires no special
calibration when you use it with other systems. The 10HS has two
features that distinguish it from the EC-5.

e The on board voltage regulator allows you to power the sensor
with a wide range of excitation voltages (3 to 15 VDC) without
changing the calibration.

e Large sensing area (1,100 cubic centimeters) that provides a
more representative measurement of soil VWC.

The 10HS sensor runs at the same oscillator frequency that has given
the EC-5 exceptional performance in soils (Kizito et.al, 2008, Bogena
et. al, 2007). We recommend the 10HS sensor for mineral soil appli-
cations where soil heterogeneity is a concern. However, we continue
to recommend the smaller EC-5 sensor for soilless substrate appli-
cations or applications where VWC measurements on smaller scales
(e.g. near surface measurements, laboratory column studies, green-
house applications) are desired.

7 SAMPLE PROGRAMS 10HS

1: 51 Set Port 1 Low

;apply calibration (updated 8/09)

4: Polynomial (P55)

1: 1 Reps

2: 1 X Loc [ ten_HS_V ]
3: 2 F(X) Loc [ VWC ]
4: -1.92 (6{0)

5: 6.69 C1

6: -7.37 C2

7: 2.97 C3

8: 0.0 Cc4

9: 0.0 C5

5: If time is (P92)

1: 0000 Minutes (Seconds --) into a
2: 60 Interval (same units as above)
3: 10 Set Output Flag High (Flag 0)

6: Real Time (P77)718390

1: 1110 Year,Day,Hour/Minute (midnight = 0000)
7: Average (P71)712836

1:1 Reps

2:2 Loc [ VWC ]

*Table 2 Program
02: 0.0000 Execution Interval (seconds)

*Table 3 Subroutines

End Program

16
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10HS 3 THEORY

3 Theory

The 10HS sensor measures the volumetric water content of the soil
using a capacitance technique. Rapidly charging and discharging
a positive and ground electrode (capacitor) in the soil generates an
electromagnetic field whose charge time ¢ is related to the capacitance
(C) of the soil by Equation 1.

(1)

t=RC In Té@

Vi—Vy

where R is the series resistance, V is voltage at time ¢, V; is the
starting voltage and V is the applied or supply voltage. Further,
for a capacitor with a geometrical factor of F', the capacitance is
related to the dielectric permittivity (¢) of the medium between the

capacitor electrodes by
C =gl (2)

where ¢ is the permittivity of free space. Thus, the ¢ of the soil can
be determined by measuring the change time t of a sensor buried in
the soil. Consequently, as water has a dielectric permittivity that is
much greater than soil minerals or air, the charge time ¢ in the soil
of Equation 1 can be correlated with soil volumetric water content.

7 SAMPLE PROGRAMS 10HS

7 Sample Programs

You can use the following examples with data loggers from Campbell
Scientific. The first program is for a CR1000 data logger, but can
be easily adapted for other “CRBasic” type loggers. The second
program is for a CR10X data logger, but can be easily adapted to
other Edlog type loggers. The 10HS needs 3 to 15 V DC excitation,
and therefore cannot be excited with the 2.5 V excitation port of
many Campbell Scientific data loggers. We recommend that the
switched 12 V or CAO port be used to excite the 10HS.

Cr Basic type data logger

"CR1000 Series Datalogger

’program to read one Decagon 10HS sensor
)

’wiring

’white - SW - 12
’red - SE CH1
’bare - gnd

Public tenHSmV, VWC

DataTable (Tablel,1,-1)
DataInterval (0,60,Min,10)
Average (1,VWC,FP2,False)

BeginProg
Scan(10,Sec,0,0)
Swi2(1)
Delay (0,10,mSec)
VoltSe (tenHSmV,1,mV2500,1,1,0,_60Hz,1.0,0)
sWi2 (0)
VWC = $2.97e-9 * tenHSmV~"3 - 7.37e-6 *

tenHSmV~™2 + 6.69e-3 * tenHSmV - 1.92 ’mineral soil calibra-

tion updated 8/09
CallTable Tablel
NextScan

EndProg

14



UOT}R[[eISU] [RIMOZLION ‘T POYIRIN

‘uoryeejsur Ajrenb y3g v ysiduosoe 03 spo
-[[J0W OISR( OM) dIR 9IS ], [I0S POQIN)SIPUN OUI PAGISSUL 8¢ PINOYS
IOSUSS O} ‘SIMSOI 9)RINDOR JSOW IO ‘[0S PUR IOSUSS o) Usam)
-9 10BJUOD SZIWIXRW 0 dAljeradwr ST 91 SHOT 9Y) SUI[[RISUT WA\

aanpadoid T'¥%

‘Ul W)
surgsnd uoym posn SI 9010J SARMOPIS AISSO0Xd JT jealq ued ssuord
9YY) S ‘[I0S 9SUOP OJUI SIOSUOS O} SUILIOSUI UM [IJoIRd 9 ‘A[[RUL]
‘SBUIpeoI Jo0]je A[OSIOADR [[IM UOIYM ‘STU0Id I0SUSS 97} Uoomioq Jonjs
[BLIDYBUL IOYJ0 IO SJO0I ‘NIeq ‘SYI1)s 108 0} 9[qIssod SI J] "OIUI IOSUDS
oY} SUI}IOSUL 918 NIOA WNIPOW 977} JO 9ZIS 9o1)Ied o) IOPISUOD 0} Jue}
-1odwr ospe st 31 ‘sSuoxd s31 uoeomjoq sde3 sey SHOT oY} osneoog

"AoeInooe 9onpal
pue [10s 9} JO INO PUIXd UD POY OI}oUIRUOIINA[ O] JO dWIN[OA
SUISUSS 91} I0 ‘90RJINS [I0S Y} JO WD G UIYIIM PI[[RISUI 9 J0U P[NOYS
J0Suds SHOT oY) ‘UOIIPPR U] "SSUIPLAI J00je A[oSIOAPR PUR POl Ol10U
-3eWI0I)09[0 SIOULdS dY} 9)eNUIIIR URD SIYJ, ‘Soye)s I0 so[jod [ejoul se
ons s300[qo [ejow 281R[ 01 JusdR[pe I0SUSS A} [[RISUL JOU Op ‘OS[Y

"PIOY oY) 01 SUIOF 9I10Jo( 9IRMIJOS PUR 9I1AD FULS
-30] e1ep INOA [JIM SIOSUDS O} }S9) NOA Jel) SOSIAPR UOSRII(] ®

“SUTI)YSI] /WOD WOFRIIP" MMM
pe ojoN uonpeorddy Ino oos oseod ‘10830[ e)RP POPUNOIS ®©
s eore ouold SUTUIYSI] € UL SIOSUSS SUI[[RISUI IR NOA J[ e

‘s8urpeal oy} sousnpul Ajpunojoxd
ued sguord IOSuas o) UaMId( Ul puUR JOSUSS o) punore uoroeduwrod
[10S 9AISSe0x0 10 sded Ire Auv oIOJOISY ], [IOS YY) JO JUSIUOD Id)eM
OLIJOWIN[OA 9] SOINSeoUW JIOSUSS 9} Jey) pur JUIpeaI IOSUss 9y} UO
OOUONPUI 1S0FUOI)S O} SR 9ORLINS I0SUDS 9} 07 Juade[pe [10s oY) Je1)}
JOQUIdWRL 0} JUeIodull ST 1 ‘UOIR[[RISUL I0J 9)IS B FUIJIO[OS UYAA

I0oSuag 9y} Sul[elisuy ¥

SHOT HOSNYIS HHL ONITIVLSNI ¥

el

*(W02 U0ZeIOPH)SO[RS) 9ITAIS SI) UO UOTY
-RULIOJUT 9I0W I0J U0SRID(] 10BIUO,) 0310 ‘sreroyewr guryjod ‘ysodwrod
se yons ‘sferejew [ros-uou o} sorpdde ospe sd1AleS UOIYRIGIRD SIY T,

*SIOUWIO)STLY INO
09 suorjeIqIRd dourads [10s SUIpraoId 991AISS ® SIOPO MOU UOFeII(]
‘"woryeIqI[Rd UMO II9Y)} jonpuod 03 juowdmbo 10 owr) oY) oARYy jou
OP SIOSIL DWIOS 9OUIS "SIOSTAS dINJSIOW [0S INOA FUIpeIqI[ed I0J Suol}
-onasut dogs-Aq-degs o) SuImor[oj pue (woo uosesep mmm//:diiy)
91ISgeM TOSeID(T o) w0y soqoid aInjsiowr [10s OgHOH SurprIqie)
par3ty 9jou uorjesridde o ur SUOIILIIP oY) SUIMO[[0] AQ UOTIRIGI[RD
IOSUSS UMO INOA 93edId Ued NOX -d[qereae suorjdo omj) ore 9197}
‘GHOT INOA I0J UOIYRIQI[ED OYIDSdS-[IoS © Ul PajsaIajul aIe NOA JI

‘wnipowt
snoxod 1970 10 [10S AUR UL 0z 0} T 01 POAOIdWI 9([ [[IM SIUSUISINSLIUL
DMA 93 Jo £oeinooe oY} ‘uoIyRIqIRd oPads-[ios € YA\ odAy ios
oygmads oA 03 SHOT 92 93eIqI[ed 0} A1eSsedoUu oq ABUI 1 ‘S[I0S 9501}
uy (DY uommos w/gp O] <) ANAIONPUOD [RILIID]O Y3 AIoA [IIM
S[Ios Ul Iopns Arvur SHOT oY) JO Adeinoor o) ‘A[euonippy ‘(spues
gOLL, "8'9) uonsoduwod [RIDUIM DLIDS[RIP-YSIY [IIM S[IOS Pue ‘Juo)
-T0D 191)eW JIURSIO YSIY A[[RULIOUR [IIM S[IOS ‘S[TOS A}ISUSP [N MO]
AToA ‘sTI0S pojoedurod ATUS3Iy a1k siy) jo sejdurexe swog Ajraryjruriod
OLIJO9[OIP I0J JUSWRINSBIW 9jeIndoe ue 931dsop 100d o( URD JUSW
-onseawr DA A 93 Jo Adornodor oy} ‘s[ros jo Ayxerdwoo oty 09 on(y

(9) T6'T — AWk ¢ O X 69°9 + ;AW *
00T X LEL — oAWK _0TXL6°C = (W/ 1) D MA

‘O A G PUE ¢ U0oM)9( UOIIR}IOXD IOSUSS Aue

NOILVYHdITVD 9 SHOT



10HS 4 INSTALLING THE SENSOR

Excavate a hole or trench a few centimeters deeper than the depth
at which the sensor is to be installed. At the installation depth,
shave off some soil from the vertical soil face exposing undisturbed
soil. Insert the sensor into the undisturbed soil face until the entire
sensing portion of the 10HS is inserted. The tip of each prong has
been sharpened to make it easier to push the sensor in - be careful
with the sharp tips! Backfill the trench taking care to pack the soil
back to natural bulk density around the black plastic portion of the
10HS.

Method 2. Vertical Installation

Auger a 4 inch hole to the depth at which the sensor is to be in-
stalled. Insert the sensor into the undisturbed soil at the bottom
of the auger hole using your hand or any other implement that will
guide the sensor into the soil at the bottom of the hole. Many peo-
ple have used a simple piece of PVC pipe with a notch cut in the
end for the sensor to sit in, with the sensor cable routed inside the
pipe. After inserting the sensor, remove the installation device and
backfill the hole taking care to pack the soil back to natural bulk
density while not damaging the black plastic portion of the sensor of
the sensor cable in the process.

With either of these methods, the sensor may still be difficult to
insert into extremely compact or dry soil.

Note: Never pound the sensor into the soil! If you have difficulty
iserting the sensor, you may need to wet the soil.

This will obviously result in inaccurate VWC measurements until
the water added during installing redistributes into the surrounding
soil.

Orientation

The sensor can be oriented in any direction. However, orienting
the flat side perpendicular to the surface of the soil will minimize

6 CALIBRATION 10HS

6 Calibration

6.1 Dielectric calibration

The 10HS comes pre-calibrated to measure the dielectric permittivity
of the soil with the accuracy stated in the specification section above.

With Decagon’s Em50, Em50R, Em5B, and Pro Check readers, the
following standard calibration function can be applied

€q = 7.449 x 10~ % raw counts® — 1.969 x 1077 * raw counts®+
1.890 x 10~ % raw counts® — 6.691 x 10~2 % raw counts + 7.457

3)

With non-Decagon data acquisition equipment, the following cali-
bration can be applied. Note the this calibration function is valid for
any sensor excitation between 3 and 15 V DC.

£, = 2589 x 10710« mV*x —5.010 x 1077 * mV3+
3.523 x 1074« mV? — 9.135 x 1072« mV + 7.457  (4)

6.2 Mineral Soil Calibration

For convenience, Decagon has also developed a standard calibration
equation for mineral soils to be used with the 10HS. With this stan-
dard calibration equation and careful sensor installation, accuracy of
better than +3% VWC (0.03 m?®/m?) is possible with most mineral
soils. In these soils , it is generally not necessary to calibrate the
10HS for your particular soil type, and the standard mineral calibra-
tion below can be used. Em50, Em50R, Em5B and ProCheck:

VWC(m3/m3) = 1.17 x 107 x raw counts®—
3.95 x 107% % raw counts® 4+ 4.90 x 1073  raw counts — 1.9 (5)

With non-Decagon data acqusition equipment, the following calibra-
tion can be applied. Note that this calibration function is valid for

12



‘9[qesnun Josuos
97} OYBU PUR SUOIJOOUUO0D [RULIDIUI eI ARUL 0S SUIO(] jo[qeo 9y} £q
[10s o1} JO 1Mo 31 [[nd J0U OP ‘[I0S 97} WOIJ JOSUSS O} FUTAOWDI U AN

J0osuog 9} Suraoway

‘3dop 910I0SIp 9I0WL © 1B DA\ A OINSLIUT [[Im
UOT)RIULALIO [RJUOZLIOY © J[IM [[3dop WD ()T B I0A0 DA\ A 9PeISoUl [[Im
UOTR[[RISUL [BOTLISA B OS ‘[)SUS] SII SUOTR YA\ A OFRISAR ST} SOINSRIUL
JOSUDS o} 1R} purtt Ul doo3y] "JUOUWOAOW JOJeM PIRMUMOP UO S109[D

SHOT HOSNYIS HHL ONITIVLSNI ¥

1T

‘PUNOIS ST 9IIM dIR( O} PUR
‘mdno ST par ‘UoIeIIOXo ST 9IIM IYM O} :dA0(R TS S UOIJeurl
-107) WIS o1} 9ARY SoIIm 9[qed Iojdepe pouur) pur poddriys o) yrog
‘( Joydepe [re13id, ' se 01 PalIojol U)o ST o1im Jo odA) s1r)) I0830]
RJRP ® 0] UOIIDOUUO0D I0J PUS IOYI0 ) UO SOIIM 91U} PUR ‘pUS U0
uo yor[ I0SUSS 9YY) I0J I0J00UU0D B SRY 9[qrd Iojdepe IOSUdS oIlm-¢
9, ‘uoSedo(] wogj o[qes Iidepe ur urejqo o} st uolydo Ielo Ay J,

"19830[ ®JRP 10 JIUN INOPRDI UOTRII(] © YIM 8Injny
oY} UI Posn A[ISed 9 JOUURD 1 ‘IoAoMOY podsn[dun SUImooaq I0suas
9} JO 9OURIP OU [IIM UOIIDSUUO0D 1D2IIP B SUIPRSID JO 93RIURAPR 9]
Sey STy, "I0880[ ejep oyj OJUI A[JO9IIpP I oIIM PUR ‘SoIlm o) UIY
pue dugs ‘e[qeo 1osues a3 uo Snpd oY) go dip ued nok ‘9sirg ‘suol}
-do om) aaey noA ‘19830[ vIRP UWOSRIS([-UOU ® 09 I 109UUOD 0} jURM
noA pue gnid wwr ¢'¢ prepuels o) Ypm paddmbe st SHOT oA T

‘wod A I payopums
oy fo [fo suosuas oyy uomod 03 paau Jjun nofi ‘suabbor DIV 21 13ud0g
1199dwiny) 9Yy3 ypm 40suas uobvora(q 4nofi pvas 03 ysun nofi [T DA
GI 07 & wouf s1 s9bD0n U0DYITI Jo abuvs 2]9DIdIID Y[, IION

I9330 eyR(] 03 SULIIA\ PUY [RISIJ ¢ 9In3rq

1abbojeieqg

uj
Bojeuy DA ASL-€
;| H PeYdlNs

unou o
P 2 bojeuy Ayddns

O i

SHOSNHS ONILLOANNOD ¢ SHOT



10HS 5 CONNECTING SENSORS

5 Connecting Sensors

Decagon designed the 10HS sensor for use with our Em50 series data
loggers, the Em5b, or the ProCheck handheld reader. The standard
sensor (with a 3.5 mm “stereo plug” connector) quickly connects to
and is easily configured within a Decagon logger or ProCheck.

The 10HS sensor incorporates several features that also make it an
excellent sensor for use with third party loggers. Customers may
purchase the sensor with stripped and tinned wires (pigtail) for ter-
minal connections.

The 10HS sensor comes standard with a five meter cable. Customers
may purchase sensors with custom cable lengths for an additional
fee (on a per-meter fee basis). Obtaining custom length cables elim-
inates the need for splicing the cable (a possible failure point). The
10HS is accurate with cable lengthes up to 40 m.

Connecting to an Em50/Em50R Logger

The 10HS to works well with the Em50 data logger. Simply plug
the 3.5 mm stereo plug connector directly into one of the five sensor
ports. Next, configure the logger port for the 10HS and set the mea-
surement interval.

Connecting to ECH20 Utility

Please check your software version to ensure it will support the 10HS.
To update your software to the latest version, please visit Decagon’s
software download site at www.decagon.com/support/downloads.
Note: You must use the ECH20 Utility, DataTrac 8 or a termi-

nal program on your computer to download data from the logger to
your computer.

5.1 Wiring

3.5 mm Stereo Plug Wiring
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Ground

\\ Data
/ Power

Figure 1: Stereo Connector

The following software support the 10HS sensor:
e ECH20 Utility 1.12 or greater
e ECH20 DataTrac 2.77 or greater

Connecting to a non-Decagon Logger

Customers may purchase 10HS sensors for use with non-Decagon
data loggers. These sensors typically come configured with stripped
and tinned (pigtail) lead wires for use with screw terminals. Refer
to your distinct logger manual for details on wiring.

Pigtail End Wiring
Ground (Bare)

\
«4—Data (Red)

4— Power (White)

Figure 2: Pigtail End Wiring

Connect the wires to the data logger as Figure 2 shows, with the
supply wire (white) connected to the excitation, the analog out wire
(red) to a analog input, the bare ground wire to ground as illustrated
below.
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