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Abstract

With broad investment of smart and real-time monitoring networks for
groundwater resources and water quality protection, the collected data need to be
integrated with a professional platform to enhance the analysis efficiency and
contribute to practical applications. Available platforms mainly focus on the display of
historical data. Less value-added implementations were performed based on the
monitored real-time data. The objectives of the study are: (1) to develop an efficient
interface to bridge real-time monitoring data and dynamic platform; (2) to build, test,
and validate the display platform for dynamic database; (3) to assess different loT
technologies on groundwater quality monitoring; (4) to examine the performance of
different IoT technologies for field-scale cases. The selected experiment site is located
in National Central University. There are five groundwater wells in the test site.
During the verification, the real-time monitoring data will be received by wireless
devices and validate with the results from direct measurements of water quality. The
other test site in Tainan also performed the real-time monitoring to observe the water
quality, and the time series data of groundwater levels for wells and the water quality
for select singe well were to verify the IoT technologies in this project. The validated
real-time monitoring data can be integrated with the dynamic platform to perform

real-time spatial analysis and display.

Key words: soil and groundwater, real-time monitoring, platform, site verification
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Temperature ranges

Operational: -20 to 65°C
Storage: -40 to 65°C
Calibrated: -5 to 50°C

Diameter 1.83 cm

Length 31.5cm

Weight 500 g

Materials Titanium body; Delrin® nose cone

Environmental rating

IP68 with cable attached
IP67 without cable attached

Output option

Modbus/RS485, SDI-12, 4 to 20 mA

Battery type & Life

3.6V lithium; 5 years or 200,000 readings

External power

8-36 VDC; Measurement current: 15 mA; Sleep
current: 40 pA

Memory
Data records
Data logs

4.0 MB
190,000
50 logs

Fastest logging rate

1 per second

Fastest output rate

Modbus: 2 per second
SDI-12 & 4 to 20 mA: 1 per second

Log types Linear, Fast Linear, and Event

Software Windows®: Win-Situ 5
kR k iR Rl

Range Absolute (non-vented)

30 psia: 11 m (35 ft)

100 psia: 60 m (197 ft)
300 psia: 200 m (658 ft)
500 psia: 341 m (1,120 ft)

Burst pressure

Max. 2x range; burst > 3x range

Accuracy

+0.05% FS from -5 to 50° C

Long term stability

<0.1% FS

Units of measure

Pressure: psi, kPa, bar, mbar, mmHg, inHg,
c¢cmH20, inH20
Level: in., ft, mm, cm, m

ERER
METHOD EPA Method 170.1
Accuracy +0.1°C
Resolution 0.01°C or better
Units of measure °C, °F
WARRANTY 2 years. Up to 5-year (total) extended warranties

available
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Temperature ranges

-5 to 50°C (23 to 122°F) ISE: Ammonium and Nitrate 0 -
40°C, Chloride 0 - 50°C

Components Without Fluid -40°C to + 65°C (Non Freezing

STORAGE TEMP. Water) pH/ORP Sensors -5°C to +65°C Ammonium/Nitrate:
0 - 40°C Chloride: 0 - 50°C

Diameter 4.7 cm (1.860”)
Length: 46 cm (18.145”) (includes connector). With bail: 59

Length cm ?23.25”) (

. 0.978 kg / 2.15 Ibs. (includes instrument, sensors, restrictor

Weight
and bumpers)

Materials PC, PC alloy, Delrin, Santoprene, Inconel, Viton, Titanium,
Platinum, Ceramic, Nylon, PVC, Graphite

SENSOR HEX SCREW 0.050, 1.3 mm

DRIVER

Environmental rating

P68 with cable attached
IP67 without cable attached

MAX PRESSURE RATING | Up to 150 PSI Ammonium/Nitrate up to 30PSI

Output option Modbus/RS485, SDI-12, Bluetooth

EXTERNAL POWER 8-36 VDC; Required for normal operation Sleep: < 0.2 mA

VOLTAGE EXTERNAL typical; Measurement: 40 mA typical, 75 mA Max

POWER CURRENT

INTERNAL MEMORY Use external datalogger or telemetry

AND DATA LOGGING

READING RATES 1 reading every 2 seconds

COMMUNICATION Wireless TROLL Com

DEVICE

CABLE OPTIONS Vented or non-vented polyurethane or vented Tefzel®
Integrated display shows status of sonde, sensor ports, power

LCD DISPLAY voltage and connectivity, enable/disable BT.
Android™: VuSitu through Google Play and Amazon® App

Software Store 10S: VuSitu through Apple® App Store, Windows:
Win-Situ 5 Data Services: HydroVu
Android, and iOS through VuSitu. PC through Win-Situ 5.

INTERFACE Requires BlueTooth 2.0.

CERTIFICATIONS CE, FCC, WEEE, RoHS Compliant

0 Accuracy: + 0.1 pH unit or better; Range: 0-14pH;

P Resolution: 0.01 pH
Accuracy: £0.5% of reading plus 1 uS/cm from 0 to 100,000

Conductivity uS/em; +1.0% of reading from 100,000 to 200,000 uS;
+2.0% of reading from 200,000 to 350,000 uS/cm; Range: 0
to 350,000uS/cm; Resolution: 0.1uS/cm

Ammonium Accuracy: £10% or + 2mg/L, w.i.g.; Range: 0-10,000 mg/L
as N; Resolution; 0.01mg/L

Nitrate Accuracy: £10% or + 2mg/L, w.i.g.; Range: 0-40,000 mg/L

as N; Resolution; 0.01mg/L
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=
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Bl i ¥ - B roker-ﬁg@%,‘gs o @ A HEL AT A «Q@; LA e end T
i f
F’ sET I 8 AR iE P i o B w—‘*‘(pubhsher)m B 7T i P34 a0 2 (topic ) o
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Modbus €~ fi# =7 F & 4p I &k B3GLE (7 O 301 200 2 25 Modicon
NP 1979 E i VB S ANl a F 4 0404 Modbus @ A G 1 ¥
R MR e R R RV AL I LT I EE L P m@;f@ o g
T ATH* 5 MODBUS 2% #£ 77 e RS485 12 %> 10 #giidt o 12 % o RS485 A4
%%omﬁﬂ*wam FRMARATS 28 LD T RS B i
o B4 FEEFERETIAE 251 £mp (EIA) MA 5% ikl o 3w
B MRET L RFFMGRE TR AL R aF i o AR S

-

w
BRR R T o VL e - BREL G S BERCE o FI Y A1 EHRBRY -

& MODBUS % #£7 » & 82 g ip] B2 = 1 i M % (Master-Slave) » & 8k 3

Jxom ROPI B LK A s BRI PR ¥R 0t &t 45 (Function

Code) » st i1 ¥R ofcis 7 % = Frrik -2 1% RS4BS “4ebrieit e

B 7 5;*5”?’ P UTE g R R IE L g 0 ORI TR RIT L - BT AR R
At iEE - BAK o

g\x

@ % MODBUS # #U53T > a5 ¢ 2 2w BINA ¢

a. P % ID(2 byte) :

- BRPIBL BRI Ak - BaEEBEWNode)2 T 0 F - BRPIE
ID 2 ¥ 11 "_?1’:_7?)3 » F R g =~ Hcigw I-@%pi‘ﬁ ikdﬂ- /z‘?‘fl":‘gﬁ\'i S A5 o

ETS

it 75 (2 byte) :

AFERAGEE R L TR R A dohrE Y o 2 RE 03 T
FEFALNE W F A% ¥ MODBUS - RS485 2. % % » % & ¢ * vt fldic (& ¢
AT @ LR R R E R T A end S aE i S B R R B A MR AT
HH % SRRE TS 22 2 xr%}@ v EEG - AI;*FL%’ R L S
WAL ST B LA ERES A RN

c. % 4 ¥ (Register Address) (4 byte) -

IS

SRR TP ESR AR RETHAR R EE 0 L TRF T R
f#’?%E%wﬂ%&@’ﬂwxéﬁﬁm%$%ié%ﬁﬁéﬁ’§W£%
SRR R A

d. &z ?ﬁ L = 7 (4 byte) *
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g > Hfcd 548 150000 B4 = BHcie & B 2 4byte’ FREBREETE :
0000 - T%“"ﬁf@lﬁﬁs:@_‘?@a 8byte Rl ¢ =~iia v i % 1 4byte 2 #cig »

Mok BriE A - THABRBIEE > T o ARP RREZEEH 2 oo A B EP
B E R o T At a,:.u,g;hxp@ﬁ;\r‘;qﬁ;,.ic‘ * 3 ,F,;\gﬂg o

e. %ﬁ | 5 P

MU g~ “0103 0000000171 5 pli#48 3 d Modbus ipIE B ML 0 T 5
i&gﬁﬁéu Pﬂgzﬁﬁ*m;ﬁd Modbus it 3t 2 3 & Fedq £ 300 “01”5 R ID

“03” % 7 s #5 (function code) 5 “00 00”5 FHLE 4%  “00 01”5 B~ T &
K o Bl 28 75:\ BRI E G o
W Modbus Bl — v
wE
colte: [coms Tt AR ATt
@R ¢ (9600
At [ AR SERIR

BA SRR EET A& |01 03 00 00 00 01

S SIS

Em
=m

#| mm |

® 28 Modbus #Fj Lo
RFEdps B FARFATESTRS > R REAERIRITRR S L
PP EA BN LTS BT S EE Y 5 d Modbus i 2R 718

#3 LoRaWan § & » A# 7 55d Bl 284p £ i frfz > REFEA LB w > {4
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e RHRsE
COMIE : JCOM3 7] B RN et [ 100 ms
A ¢ (3500 -
i ¢ [0 BiE e

A1 (CROKEHEF g A 1 |01 03 00 00 00 01

EEEH
010300000001 84 0A

T -
010302000088 44 00

e | me |

W 29 Modbus &= F it

He o 901”5 %% ID;

“03” 5 # it # (function code) ; “00 00”5 F L% 4
“F 90000 B8 447 : % 1 K A FAL(16 £ ) 0 BB F I 5 <00 007
RAREEREE 2 4BFEES 16 ed o blhe 0101 2 16 T4 E
5057 2 10t =8 -

B30 231455 #FFRFMQTT4p 4 ¥ 3 LoRaWan & 8-2 R & -
¢ “140.115.124.1227% MQTT i 45 1P “9c65f9fffe375049” % LoRaWan
§8-1D > 4 ID 4% * LoRaWAN % 4§ » B3t B ri— ch— w507

mosquitto_sub -h 140.115.124.112 -p 1883 -t "application/1/device/9c65f9fffe375049/rx" -d -v

W30 B gckfcd 4

mosquitto_pub -h 140,115.124,112 -p 1883 -t "application/1/device/9c65f9fffe375049/tx" -m '{"confirmed":true,"fPort":10,"data" " cAEDAAAAAQ=="}

W31 @i &k E4h4
o B @e‘zf#ﬁé i F
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LoRa Gateway © = = ift 4§ > MQTT
s T_E I L 0 Ft R %’

P ELE Rl AL -
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BTk K T TR 2 A TSR R R
B30 & M31L L2 454 p 50 “h”: 3 @Edy 4 3] MQTT iy 2 IP; “-p”:
W 18835 “+t7 @3%\‘%’:}% £ “application/1/device/9c65f91ffe375049” . %
L3R T2 & B Node) ;5 “data” : & @i MODBUS-RS485 iy £ 5
“0OAEDAAAAQ==": ¥_a001030000001 ‘i base64 & 75 {s 2_ Fc g > 1L B4 B>
a0 5 &4 FE MQTT Bix 2 dp 4 > L& 8hau 59 8 U558 MQTT #1424

L oo

>
3

% MOTT ifFi frefkiFa o RV MR ct v BEEMEET - 4oF
320 ATEY “data”:a0” IR 0 R TS AFETEFEE LG KRB
#BiE D MQTT A #8475 b4t F o2 el L33k = LB W20 4k o
Bptd ATy Rk et Bk T o Bt e Srdicd (2 8 45 ©000002a8” ¢ G
“0000” > F& s REERIKT 0 2 2 R -

application/1/device/9c65f9fffe375049/rx {"applicationID":"1","applicationName":"NCU-
PlanA","time":"2019-03-
20719:18:39.2606675Z","devaddr":"009bc62f","deveui":"9c65f9fffe375049","devname":"jii
moo-049","gatewayeui":"c61802fffe00013b","rssi":-
75,"Isnr":7.8,"size":8,"data":"a0010302000002a8","b64_data":"oAEDAgAAAqg=","freq":923
.4,"datr":"SF7BW125","adr":true,"rxInfo":[{"gatewayID":"c61802fffe00013b","name":"GW9
310","rssi":-
75,"loRaSNR":7.8,"location":{"latitude":0,"longitude":0,"altitude":0}}],"txInfo":{"frequency":
923400000,"dr":5},"port":1,"uplink_count":51260,"gateway_list":["c61802fffe00013b"]}

W32 RENSGDT ¥ IRE
THEFH P i R EY LoRaWan & 82 {5 » & ¥ 177, LoRaWan & 2
BaEan L Fah R B PIUEL 0 BT Es B i% T LoRa gateway © 2 ¥ ap drak IR
Bad Wi BRI EZ B3 LoRa gateway > { &% 3% MQTT i
BT @k o Fpt o A8 7 %% LoRaWan & 2%+ 22 LoRa gateway 1
¥k mi g REN 0 R LoRaWan 87 n#g REALE @ v B2
21 4 4ol 33 -
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application/1/device/9c659fffe375049/rx {"applicationID":"1","applicationName":"NCU-
PlanA","time":"2019-03-
20T19:08:54.1508156167","devaddr":"009bc62f","deveui":"9c65f9fffe375049","devhame":
"jiimoo-049","gatewayeui":"c61802fffe00013b","rssi":-
77,"Isnr":10.2,"size":10,"data":"001d0ff9000000000000","b64_data":"ABOP+QAAAAAAAA=
=","freq":923.2,"datr":"SF7BW125","adr":true,"rxInfo":[{"gatewayID":"c61802fffe00013b","
name":"GW9310","rssi":-
77,"loRaSNR":10.2,"location":{"latitude":0,"longitude":0,"altitude":0}}],"txInfo":{"frequency
"':923200000,"dr":5},"port":1,"uplink_count":51201,"gateway_list":["c61802fffe00013b"]}
Client mosqsub/2143-cudareceived PUBLISH (dO, q0, r0, moO,
'application/1/device/9c65f9fffe375049/rx', ... (572 bytes))

W 33 LoRaWan & 2Lt % B 54t 4 w Bk 1y
RS- R imi ¥ LoRaWan & gh=t# ¥zl S w B > (e & 8L 2 R 5 R B
EL o B A MQTT A 48R ¢ EF4r> R EHLA ST - % "data":"a001552a00" >

application/1/device/9c65f9fffe375060/rx {"applicationID":"1","applicationName":"NCU-
PlanA","time":"2019-03-
20T20:01:52.3291831862","devaddr":"01761ac6","deveui":"9c65f9fffe375060","devname":"jii
moo-060","gatewayeui":"c61802fffe00013b","rssi":-
81,"Isnr":7.8,"size":5,"data":"a001552aa00","b64_data":"0AFVqgA=","freq":923.4,"datr":"SF7BW
125","adr":true,"rxInfo":[{"gatewayID":"c61802fffe00013b","name":"GW9310","rssi":-
81,"loRaSNR":7.8,"location":{"latitude":0,"longitude":0,"altitude":0}}],"txInfo":{"frequency":923
400000,"dr":5},"port":1,"uplink_count":7193,"gateway_list":["c61802fffe00013b"]}

Client mosqsub/3035-cuda received PUBLISH (dO, g0, rO, mO,
'application/1/device/9c65f9fffe375060/rx', ... (574 bytes))
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