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Installation and simple correction method for a profile probe “Drill & Drop Probe”

Masaru SAKAI', Nobuo TORIDE! and Yuki SAKAMOTO?

Abstract: The Drill & Drop Probe (DDP) newly devel-
oped by Sentek Pty. Ltd. is easy to install directly into a
soil without using an access tube because the tapered probe
matches auger well. The DDP is suited to situations where
a monitoring probe may need to be moved in short term. In
this study, a 120 cm length DDP was installed in a loamy
field to confirm the installation procedures and propose a
simple in-situ correction method for the volumetric water
content, 6, measurement. Excavating a smaller diameter
hole before using a tapered auger could reduce gaps be-
tween the probe and surrounding soil. The DDP overes-
timated 6 by about 0.057 m* m~> relative to gravimetri-
cally determined 0 at the end of measurements for 6 rang-
ing from 0.26 to 0.37 m®> m~3. Subtracting the averaged
error for stable eight data in ten measurements from the
DDP measured value could improve the 6 measurement.
Since the observed frequency is normalized using air and
water frequencies to minimize the sensor difference, this
simple correction method can improve the 8 measurement
for a uniform textured soil. Judging from the continuous
monitoring data, there were two types of erroneous mea-
surements depending on the connection between the probe
and soil: stable but constant error and fluctuating error.
It would be possible to interpolate these data using adja-
cent data sets in case of the DDP measurement at multiple
depths in a soil profile.
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a7y ANTa—T IR SERE DK BEREN
AEETH Y, MiERmOOEE TP HIZHERT 570 -
DEELR D72, M T OASREDT-DICHHATH
% (FEARS,2006). —F, T EAF2—T L o
IXHEDO B S ICEELE 52, REICEZEZr’H5 Lo
Koy EEE/ NS 2 Z E R mes N TWS (Bell etal.,
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1987; Starr and Paltineanu, 2002). 7=, a7 7 A /L
7' — 7 TOEMHRKSFEREDZDIZE, BEREIC
oW @& CMEM DM IENLETH S (Morgan et
al., 1999 ; J:A 5, 2006 ; # R 5, 2008).

Drill & Drop Probe (DDP) 1%, Sentek #L74% 2014 42>
LIRFELTWAR T e 77y A VTR —TThdH. ZHE
TIZ, Sentek f1:0> EnviroSCAN Probe <> EasyAG Probe,
Delta-T #£:0 PR1 ° PR2 %Dt x 727 0 7 7 A )L 7 —
TRRABEINTNEN, DDP O KX fERIZ7T 7 A
Fa—TL KO Ta—TTHY, FHENLEOES
ThH7e, IR CHEEMSONEN R & TH
5. FZTARMETIE, £9 DDP O L 3iE HikiC
DWTRT. ZLC, DDP OKGEEEE =277
UK DI GBEO R TV, Ko EE DS
LUV TR 7R S 7 Al E & fesd L7z

2. Drill & Drop Probe O#Z

ILxto&RY 7o 2 iEAEHENE o —0
BHRIIE < 22547 T 5 (Deanetal., 1987). Sentek
tixzovr—%MH (Fig. 1), a7y A V7 o—
TERBLCND. (kDT u 77 AT u—7 LR
\Z, DDPIZH Z otk —2 10 cm R THRKR I LT
BY, EEEKE RENUESND. FBAROL
TV a T, BRAGEEICEE U7 BT ORI &
RYRFEA A & & (Volumetric Ion Content, VIC) D
ENARETHD. 7o —7EIFAMIZIET T 60 cm &
(Fig. 2, MIEEEX 5, 15, 25, 35, 45, 55cm) & 120cm
£ Emws 5, 15, 25, 35, 45, 55, 65, 75, 85, 95,
105, 115cm) O 2FFENH .

ko707 74NV a—TIC%3 % DDP O KD
BRI, T78AFa—TL—KBIOT 0 —7127>T
BV, FHOFa2a—TRENAERETHD. BE, T
IR AF 2—T OFREICIE, LEOEME I TDHED
WA A Y FA MEEIRE 2 BRI LiATe % O LRB M
EThY, REOFMPLMEBE~DORENREIND.
DDP [ZFETEER2S#M2 30 mm, Jeiialas 60 cm £ i3 4h%
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Fig. 1 Sentek tLO#FERERK T P —.
Capacitance based soil moisture sensor used
by Sentek Pty. Ltd.

Fig. 2 60cm & ® Drill & Drop Probe.
60 cm length Drill & Drop Probe.
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Fig. 3 SF LIRS KEOREMK (O) & DDP THW S
o (3) ), BLOFEBRETREOENE (x, A).
Volumetric water content as a function of Scaled Frequency
SF (), default calibration curve used in DDP (Eq. (3)),

and a dataset observed in the end of field experiment (x, A).

27.5 mm, 120 cm £134M% 24 mm &\ 9 kBT 72T — %
i CIER SN TE Y, RERBROERA—T—T+L
WCRZBTDZ LT, ZTu—7 L 128X < Bifih L 7= 0kRE
THRETAHILLENTED., TI7BAT 2a—THEDOTM

RN &G, TEORIEA 7 ¥ 2 —/WZE DT
BB T 2 LERD IEEZICHEDITHD EE X
bivs.

HEAEE VT —IIHFERICHEEST LN A HE
JAPE D HARFEE KL 2 HEE T 5 (Starr and Paltineanu,
2002). HEREE T —CHIESNDEKEF &
P—JED O L OFERE C, BLOWFESE & ORI
R LD,

1 1
F= =
2n\/LC, 2m\/Lgé&

ZIT, LFEOA o HE T B R, gl —DF
WIHRAFT 2R T L. WESNDIEEEF 177k
AF a—TOEBEZTDHED, T/ EAF2—T I
ANEDOZEL EROREMEZ FAWT, L ToOREMEE
BT 5.

6]

_ FA—Fs

SF =
Fa —Fy

2

2T, SFIFEH LI JBE, Fo, Fy, Fs 3%
NZER, K, THTOREHRTHSH. ZOERKIZE-
T, K rP—DHEZ 025 1 OfiiL bz, &
Y —OEREE R/INCT H 2 &N TE S (Starr and
Paltineanu, 2002). &+, v —2Ai, ¥+HEr—AICB
5 SF LIRS AKEOREMICH-SE, Sentek #1 Tl
UToXBHWsn5.

1

SF—-C\?
62( " ) 3)

ZIT, 0 EREEEKRE (%), A, B, CIIHETKRES
RETHY, 0.1957, 0.404, 0.02852 NIEEIN TV 5.
Fig. 3 1%, Sentek th0/R3 SF L RFEE KO EHE &
(3) > DDP THWHNL LM TH %. DDP T,
HIFRED Fo & Fy ZHWTHET 2) RoER{LELT
vy, (3) ek Sentek AR HNT WA IRT A —Z TRDT-
0 EHI17 5.

3. REREFAE

3.1 DDP 0%E

2014 4E 12 J 11 BRI =B KW B EE N OB,
120 cm £ DDP % #% (& L7=. WHILF A RINER I HE
ELZWTHD. MTeEe—2E T, ERMTLEY
BN TR LS 1.50 ~ 1.55 gem ™ EIERICE <,
FAFEAAREIE 1077 em s™! LLF SARVEAMEZ 55, %
77, 50 cm DABICIZER 10~ 15Secm BEDOT L NVED
THARRE L.

FEE, OA—F—HH =" HokE, @ v K4—
H—IZ L DR OIEH], @ DDP A — 7 —Ic &k 57
Hl, @ DDP OfF AN, OFIETIT-72. (E¥EDEE% Fig.
4R, T, MREEEOICKRESL, 4 — T —4Hibh
JAD =2 A R T ICERE L=, Wiz, DDP LV ¢



o —E EE: Fu 7 7 A L7 v —7 Drill & Drop Probe D% Sk & i B MIE OB 29

Fig. 4 DDP & EHERDOFIED ~ @.
Pictures of drilling a DDP installation hole.

AN 22 mm DN RA— T —% T, S 100 cm 2
BE DR ZHEEI L7=. %\ C, DDP BEfA— 7 —% W
TS 120cm OREMERK Lz, ZORE, K5 cm i Y i
DTHAIL 72 LAY MIEEELYIET Z & T, RO
BRSNS L 725 K5 NI 2. IS, BEEE R
5372912 DDP 2 FW & Tl b8 T A L7z. DDP g
BRI —T L LOBEEHRT DI, Bo¥—
RN BAKERAKL, EAREOHEMOELET —F 1
#— CR1000 (Cambell Sci.) (Z##c L7z PC CE=4 —
L7-. Sentek #tD 7 — 53— (Sentek Pty. Ltd., 2014)
WA SN TWEIREBE~Y=a T VOEE T, M~
RA— A — %l - AL OHEH] (FIEQ) #1T7HFI,
DDP A4 —H —CE#HE R EZH T T\ D, £ 2 THK
B O FIEQ 2 EM L7- 71T DDP & E 21TV,

FRRICKEBKL T r—7 L L0 EELHER LT
REL 2014412 A 11 H2vH 201544 A 27 HE T
1TV, CR1000 & H T, RREE KSR, HuR, WA 4
VEBOWEME 15 pRHBCTHRE L. AHTIE, &
KEL L OB ORIEICERE Y TH.

3.2 DDP AlFE{EDHIE

PR L R E KR DO BRIRIZ ANV B 415 Topp
XA, BAROLOEKKREZ W/ NEET 5 X918 (FEA -
7z, 1998 ; =4 - 10, 2014 ; ®E S, 2015), DDP TH
WoHid 3) Kb BAORICHEM L2 BE I ES &
BElEZOND. TZTCHEKTRIO 4 A 27 RIZ, 4%
WERS DL OV TV T E{Tol-, FTHIER LT
DDP 759 20 cm BEN 7235 ATICE S 130 cm F2E 0 143
Wrii & #i > 7-. DDP O&HIEESIZHE N T, 100 cm® =
TH T TR EFRICH HIALRR L L, 7Y
> 7'1% DDP 2> 5 /KT HEBER 10 cm O {E 5 & A G 3
RP2ATW, WFHE CTHRBEEKEL RO, kTR
Wiz R KSR L DDP HIEfEDRZES KD, DDP HIEME
DORHIEIZ DWW TRRE L 7=,

4. HFREBE

41 HBEIZDONT

RILOHEH] (FIEQ) %1749\ DDP %% i#E L7
B, T—Hul—(Z8H Lz PC Wi L CTHIERE NS O
BOKBOEKRFEEZHRLIZE Z A, TEOREM
2 EEOREM L FRIC ERTOFRE o/, U
Tu—7EHIZBRMENTE, Tua—T %27 > TK3HR
BB TRICBE L= EELbND. —F, FIA
@Mz D LT, BAOLROVERBIEIERTE, 7
n—7 ¢ LEBEMEICRBETLIZENTE. FIEOQOE
AT HBITRRICH D > T2FERIE 40 DRREE L, iRy
R CRRIET D Z LN TE.

4.2 AIEEDHIE

Fig. 512 DDP & JFReyh CHIE L2 RFEE KR O g
ZRY. 35cm & 105 cm OHFEEZFENT, 0.26 15
0.37 m® m~3 &R L2k o & k3% DDP (21315
—ICBRFEM L7z, — 5T, 2 AOLSORIERIE, H#
RIMOHEEE 15 cm LLROY— 727K 5355347 OFGIR % 8 1
WHIE L TWAH Z &Ebd 5. Fig 3 12i%, 4 Eo DDP
DEKRENE (3) REMHWTRDE SFE & IFHEOE
KBOBBL AR L. 7238, 35cm & 105 cm DOHIE
EIXRBILTF ey b Lz, SEOEEITHREREZ K
HOHBEIE DT — X DXL X OFPHANICINE 5 b
DO, HBERIT35em & 105cm D 2 SEHBRL EROE
K2 TITFERREE W REG Lz, BARDO HIXAEHmE
BEODRNEICHS, FUEKRTINSWGFEERE
RTZERFEINTWS (B LW, 1998, = - %
H,2014). SFIZHFBEBROUMOERTHDL Z L1 b,
Fig. 3 ORAEIIMOFERIK & P — & R E
ERLTNDEEZLND.

DDP O#rEREL VY —IF, SRS TRLZ —Eoi
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FZER LIS, 35cm & 105 cm ZFR< 8 ADFEAFED
EHEEZE LI Z & T, AN MIEEZTT 7=,

Ocatib = Oppp — Opr “4)

Z T, Ocaip 1 IHIER DK EKE (m3 m,3)) Oppp 1T
DDP OHIERE (m® m™3), Oy [ZERS D Oppp &Ik
EOREM (Boven) PEDFEEHMTHS. 35cm & 105
cm RNz Bgy 120.057m> m™3 Th o7, Ocyip 135
cm & 105 cm ZFR< 2 T Ooyen & L < —E L7 (Fig.
5). BRI OPWEMIE, 2) RizX o TEEER/NEL
A X O EHRbEhTEY, FEGETEERABLE—
BRI THoTd, R T EDRELRLIE LS
AbNd. AEOFIET, FMOZKEOFM (0.26 -
037m’ m™®) CTHIBMAMENTERLLERX5. L
OWPEMIZIE, 4) X THIEL7EERT.

4.3 REDKZWEIERE

AR OBPETIE, 35cm & 105 cm OBEIERZEN, fho
I LR TREL R -7 (Fig. 5). Fig. 6alZ 35cm
@, Fig. 6b 12 105 cm OEKFEOKREELELE, ThEh
BEE4 5 25cm & 95 cm ORI & & HITRT. 2
OREMFL, BERAERMHICAE TS THY (Fig.
6a), LJEETIZ/NA A A Y 3 L7223 5 0.06 m3
m7 BRI L, TR T 0.02m’ m™3 FAE
D SR ZTR L7, 105 cm ORIEEIE 95 cm &
IR D BIME A % 78 L7228, 12 0.07 m® m—3 F2EER
Ea/RL7. —J7, 35emiE25cm EIEIER U A 2 >
7 TRy OB A R T, 25 em £V G KR E O T
IERWHIRINAE U, 2 oS OHIEMBOREZEL, R
RHNE = DBFEDEE R LTz, Ebbbtrih—

L+ OEMR—EBEN &, 105 cm [ZHOWTIE YL B
BOHHWOEENFERE LTEFONS. MLOEELY
$hoCDDP ##%BELHATH, HEBREDOKERA
DECDAMMEERFEICHL EEZOND. KRS OWE
EOTRMES X, Fig. 5 ISR TRMEKRESM & ORIz
AT, - R 7 0 E AR D 28 8 A 307 B oD I E A D 28
e L, ZTOXLEENLHETOLERDHD.
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Fig. 5 JFizi%k (A) & DDP (Bi&Edi: @, ME# @ x)
THIE LTk o3 5346,

Water content profiles measured with the gravimetric
method (A) and a 120 cm length DDP without (@) and
with calibration (x).
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Soil water content changes at depths showing larger errors with daily precipitation.
(a) Comparison between 25 and 35 cm, and (b) 95 and 105 cm.



o —E EE: Fu 7 7 A L7 v —7 Drill & Drop Probe D% Sk & i B MIE OB 31

0.0 T T r

Depth (m)
o o
o i
1 1

o
o
T

1.2 : : : :
0.25 0.30 0.35

Water Content (m3m'3)

0.40

Fig. 7 &I & b7 5 KRG HHOEAL. .
Soil water content profiles in an infiltration process.
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Daily soil temperature profiles.

Fig. 712 3/29 LIRE D Wrist i 72 BRI 6975 K53 50 A1
DO ERT. T T, 35cm & 105 cm OBEEEIL
A L7, 2 ROBIEARRH -T2 LThH, YD 10
RCREIEBRDO KT M ORHEZRAD Z LN TE .
12 RCRFICHIES 5 2 & T, ZE LIfHA N2 A

BDAELTHETYH, FHUHEPED 8 DKS S ORIRE
BEZENTEDLZ LI, Tr7 74T u—TOF&
ThdrEE2D. £235cm & 105 cm (382 55850
WRE =2 TR Uiz, NS — AR ERBEGICOWT
X, WTFhoEEL ETFTORSOBEM»SEKEEE
BLEMMTHZENAETHLEEZLND.

Fig. 8 1%, /K4r4iAi & RIRFZIG 52 RSy o A28
{LDOREFTH 5. HEAMARAR TEKERE THREL L
7235cm & 105 cm (IZ2W T, BEOREICHEEXA
LTy, B —& LoMICRENFEEL LA,
BRBEOWEITEROEELZ KX ZIT P, REOR
EXEL BB LT TH LIZEEE2RTT-OTHD. H
RETHROBEENRE  TEITITE A EZE L2V IR
OHEEHE 2B CTHEISHET S LN T

5. BHYIC

Sentek #7117 7 4 )7 —7 DDP 2>\, #&
BIE & RBEEAKREREOMEEC DN THRFF LEZ. 7
JYAF a—T N BEL LR —@FEOTa T 714V
Ta—7ThbH, {EROT o —T | H SR AR
MCADICHEENATHETH > 2. DDP & RIEIK D HH
A —H =% 5 NS, MDOF—T— TR Z RS LT
BLZET, BAONSWEBHLEZIERTE, Yu—7
L o L.

DDP HIE &KL, a7V 7V 7 LFEgETH
ELIEEGKREFES TIRIEH TR RGHME L2, B
#ED SF — GIKFEGR & FERIED SF — EKFERITE—
EDEETRTZEND, KRS O DDP JIEEKFE L E
ERBOEDEE)EE Z LI S HEEEIRE LD, &3
S0k o —HHEIZFER O EHL CREEZER N SN
W, MBEGNB LEY e ORI, Zoffisn
RMEETHEDTEHRSZM ETESEEZLNDE. &
%, BARY e P o Mok LT b DDP
AL THEREDEREFERT L LICED, =6
IR EVE SRS L CTE D LB X D

FLOEBROLETDDPAHELIZELTYH, Tu—
7L LOBEMA RIZ L APEAMSA U B ATREMEIT I
5. WEEKBEORREERE LR, RHESH)
BRTIREL —ERBED 2 A=A BN, FIH
WREARMIEMNE 5 ix, a7V 7 7 oliko
H TR L, MEBKEORIELEN G E O TREE 2
EEOERERFTTIMLERS D EE2D. —F, 781
TrANT =T ILREEFRFICHECTCE 57D, %
DOPWERGEENELTZELTYH, HERNOKS /O
RERZ DN TE D, £, BETINEEND
EREEMMTHIELELAMETHH LEZDND.

DDP i, EEARPELCHGEEDOE /K - MR 2 HIE T
57, FERFREOIRE, R ORKE G AR RE
DKEER O E RIS, K5y - BARIRRE B OWE & iR
M GFIES, 2007) ~O@EANHFES S
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2720 F Lz, ZZIUEHoBEE T LET.
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