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What is CUAHSI?

Consortium of Universities for the
Advancement of Hydrologic Science, Inc.

Founded in 2001, supported by the National
Science Foundation

Research organization representing more than
130 U.S. universities

Develop infrastructure and service for
advancement of water science in the U.S.

universities allied for water research



What is the CUAHSI HIS?
http://his.cuahsi.org

An Internet-based system for sharing
hydrologic data

Developed between 2007 and 2013 with
support from the National Science Foundation

Focused on time series from fixed monitoring
sites

Software stack and functionality now
supported operationally by the CUAHSI Water
Data Center - https://www.cuahsi.org/wdc

CUAHSI

Sharing hydrologic data



CUAHSI HIS Service Oriented Architecture
Enabling Water Science Data Discovery

Water and Soil Quality Weather Evapotranspiration =~ Water Depth and Temp Soil Moisture Any temporal data
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HydroServer

Stores, organizes,
and publishes data
and metadata

HIS Central

Harvests metadata from
the data servers and
allows efficient data

search by clients
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HydroDesktop

Provides users a convenient
way to search, map, graph,
and analyze data

Search Services >




IUTAH: innovative Urban Transitions
and Aridregion Hydro-sustainability

Home | Reporting Sign In | Calendar | Contact Us

T

Statewide effort Science For Utah's Water Future
SZO m i I I io n CO m peﬁtive ! Inoative Urban Transitions and Aridregion Hydro-sustanbility :
award from NSF EPSCoR

Research capacity
b u i I d i n g :oc;t:ral positions in four research

Interdisciplinary and
multi-institution

Focused on sustainable
management of Utah’s
water resources

@ Support:
f EPS 1208732
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IUTAH Research Focus Areas

Eco-hydrology
Expand Utah’s capacity in the natural sciences
through instrumentation of 3 watersheds.

Social and Engineered Water Systems
Studying demographic characteristics, water use &
behaviors, water infrastructure, and other
measures of urban form.

Interdisciplinary Modeling and Visualization
Development of interdisciplinary models of socio- .
eco-hydrological systems to determine how changes ¢
in water availability and use alter water quantity %
and quality.




Gradients Along Mountain To Urban
Transitions (GAMUT) Network

Logan River

Red Butte
Creek

& SNIVINNOW HM¥MINDO

Bear
River
Basin

STV YOMING

Utah Lake-
Jordan
River
Basin

Provo River

Ecohydrologic observatory
deployed in 3 watersheds in
northern Utah, USA: Logan
River, Red Butte Creek,
Provo River

Watersheds with similar
water source (high elevation
snow) but different land use
transitions

Measures aspects of

water inputs and outputs
and water quality over
mountain-to-urban gradient

Mix of aquatic and
terrestrial in situ and re-
locatable sensors



Gradients Along Mountain to Urban
Transitions (GAMUT) Network

Manufacturer Instrument

Variables Measured

Campbell HC2S3
4
‘ } Apogee ST110
) ] Campbell 5106
N7 RM Young 5303
Geonor TB-200
Judd Depth Sensor
Hukseflux NRO1
Apogee SP-230
Barometric Pressure ¥4 $Q-110
(inside enclosure)

e SI-111
ACC-SEN-SDI
€S210
18166

Air Temperature and Relative
Humidity

Air Temperature
Barometric Pressure
Wind Speed/Direction
Precipitation

Snow Depth

Incoming and Outgoing
Shortwave and Longwave
Radiation

Incoming Shortwave
Radiation

Incoming and Outgoing
Photosynthetically Active
Radiation

Surface Temperature

Soil Moisture, Temperature,
and Conductivity at 5 cm, 10
cm, 20 cm, 50 cm, 100 cm
below ground

Enclosure Humidity

Enclosure open door sensor

Sonde
housing

housing

Stage plate

Manufacturer Instrument Variables Measured
YSI 599100-01 Dissolved Oxygen
vs| 599870-01 Specific Conductivity and
Water Temperature
YSI 599795-02 pH
Fluorescent Dissolved
i SRl Organic Matter (fDOM)
Ys| 59910201 Blue Green Algae and
Chlorophyll a
Water Depth and Wat
Campbell  CS451 ity Blapneiit ity
Temperature
FTs DTS-12 Turbidity and Water

Temperature




B AirTemp_Avg: Temperature
RB_ARBR_C: Above Red Butte Reservoir
Climate

.. The Data Deluge

RB_FD_AA: Foothill Drive Advanced Aquatic
Raw data
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One year = 35,040 observations
So far (~1.5 years) = 55,000+ observations

Times 14 Aquatic Sites with ~26 Variables
Times 14 Climate Sites with ~74 Variables

Plus different versions of the data (raw versus checked) = 43,400,000+ observations

You need some infrastructure to manage and share the data. %




Challenges to Managing Sensor Data

Volume of data

Data heterogeneity
Multiple watersheds
Multiple institutions
Multiple personnel
Scale

Data quality assurance
and quality control EPREEEEEE  \Vater quantity
Standardize data ; | e

editing '-
Synchronize timing,
data access, equipment ...
tracking

Rain, Snow, and Soil water and

Climate chemistry
B Gl




Challenges to Managing Sensor Data
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Cyberinfrastructure

-~

Data Storage

* Data Loading
* Data Manipulation
* Data Publication

Database

Tier 3: Data Storage, Processing, and Analysis

Data QA/QC

: «o {Raw Data

Estimation of Discharge and
Concentration from Surrogates

~

Data Visualization
and Analysis
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Sensor Nodes
* Stream gauging
* Surrogate

observations

K Tier 1: Sensors and Monitoring\

Periodic Monitoring

* Water quality
sampling

* Discharge
measurements

Tier 2: Communication

Base Staﬁh

Computer

Telemetry
Network

|

* Monitor Sensor

Node Status
* Retrieve Data/

Horsburgh, J. S., A. Spackman Jones, D. G. Tarboton, D. K. Stevens, and N. O. Mesner (2010), A sensor network for high frequency estimation of water
quality constituent fluxes using surrogates, Environmental Modelling & Software, 25, 1031-1044, doi:10.1016/j.envsoft.2009.10.012.



GAMUT Data Workflow

LoggerNet Server

LoggerNet
Backup ODM
Streaming
Station Loader

Database Server

.dat
Datal.ogger
Text Files
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Archival of ODM
rchiv,
Databases )
of original Virtual
.dat files Machine
Backups

Visualization and Editing of
Sensor Data Streams

ODM Tools Python

Web Server

Time Series Display

(and other plot types)

N

(T i s e

&

File-Based Archival
and Publication
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Sensor Data Acquisition

Database Server

LoggerNet Server
LoggerNet
., Backup ODM
Streaming
Data
Loader
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.dat ’
Datalogger
Text Files
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Archival of ODM Visualization and Editing of
- Databases ) ~
of original Virtual Sensor Data Streams
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WaterOneFlow
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Data Loading and Storage

Database Server

Data

LoggerNet Server QC

LoggerNet _]
f Backup ODM
Streaming
Data

|
Loader |\>

.dat |
Datal.ogger

Text Files

7 N

Base
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Archival /
Archival Dgftg,ggﬂe s - Visualization and Editing of
of original Virtual Sensor Data Streams
.dat files Machine
Backups

B

ODM Tools Python

Web Server

4

Map Base

Time Series Display
(and other plot types)
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File-Based Archival
and Publication

WaterOneFlow
Web Services




Data Loading and Storage
ODM Streaming Data Loader

=/ ODM Streaming Data Loader = ‘D a
o WA}
Server Database File Location Schedue Schedule
0 | Addess Name Type File Locatior Perod Beggnning Last Update
» h focal) ModakeOD  Local C\Working\Proj . 1 houss 70872007 300... 827720071053 .
3 flocal) MudLakeOD Local C:\Working\Proy.. | 1 hours 773172007 500.... |8/27/2007 1108
4 flocal) MudLakeOD Locs CAWorking\Proy.. | 1 houss 718/2007 300.... |8/27/2007 1113
’ 5 flocal) MudLakeOD Loca C:\Working\Prog . 1 houss 7182007 300.... |8/27/2007 1118
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Observations Data Model (ODM)

Groundwater T
Streamflow levels i
Precipitation
. & Climate

Data Qualifiers.

- Arelational database at the single observation level

+ Metadata for unambiguous interpretation

+ Traceable heritage from raw measurements to usable
information

« Promote syntactic and semantic consistency

- Cross dimension retrieval and analysis

Horsburgh, J. S., D. G. Tarboton, D. R. Maidment, and I. Zaslavsky (2008), A relational model for environmental and water resources data,
Water Resources Research, 44, W05406, doi:10.1029/2007WR006392.



Web-Based Data Access

Database Server Web Server

LoggerNet Server

LoggerNet
Backup

ODM
Streaming
Data
Loader
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Map Based Display

Base
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Datal.ogger
Text Files
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Time Series Display
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Archival / ™
Archival Dgiiggﬂes - Visualization and Editing of
of original Virtual Sensor Data Streams
dat files Machine File-Based Archival
Backups and Publication

WaterOneFlow
Web Services

ODM Tools Python




Web-based Data Access

Time Seras Aniyt

[1) data.iutahepscor.org/LoganRiverWOF/WaterML_1_0.aspx Q 9

4] o weanepucce vy c

“ Modeling and Data Federation

rnoxatve Urban Transtions and Ariregon Hydro-sustanabity

CUAHSI WATERML WeB Services FOrR ODM vi_1 DATABASES

Home  Development v = Dataw  About v

Home WaterML 1.0 WaterML 1.1 WaterML 2.0 DataCart WFS Admin

WaterML s deivered over a SOAP AP, caled “WaterOneFiow'. I this version, the API s updated 1o incude a REST endpoont Logan River

There are two methods in these services:

The Logan River watershed s
located in the heart of the
Bear Rwer range with
Test the Rest Interface headwaters near the Utah-
Site: Idaho border. The river flows.

+ REST USGS instartaracis
« SOAP AP ste

Tocos Masdow Cirate
owton Fork Camste
Greon iasirucase Gimste

southwest  through  Logan T y—
Varabe: cum

Clod = O L) Cimata St st W Dans
Begn Date dominated by formerly Experemerta Forest

glaciated peaks, limestone et g e €
End Date: clifs, and the occasional N

sinkhole.  The  underlying
bedrock has numerous caves

Generate
VariableURL | [ Site + Series URL | [ Values URL | [All Sites URL that create nawral springs
Generated URL:

that contribute to the river’s
T year-round discharge. Near
Run the Generated URL e
WaterML is delivered over a SOAP AP, called *WaterOneFiow'. In this version, the API is updated to include a REST endpooint is dammed in three locations
(First, Second, and Third dams) for hydroelectric generation. After exiting the mountains, the river flows
west through Cache Valley and is Impacted by a mixture of agricultural and urban emvironments. The
Logan River converges with the Litti Bear River In central Cache Valiey before fiowing north to the main
stem of the Bear River and Cutler Reservoir.

There are two methods in these services:

Sites

[utah:LR WaterLab_AA] Logan River at the Utah Water Research Laboratory west bridge
futan:LR_Mendon_AA) Logan Rver at Mendon Road (600 South)
wtahiLR_MainStrest_BA) Logan Rver at Man Street (Highway 89/01) Br
wtah:LR_TWDEF_C] Cimate Station at TW Dane's Expermenta Forest Monitoring Sites: Click on a site code to visualize and download data
[utahiLR_GC_C] Cimate Station at Logan Rver Gof Course

The data presented here are provisional and subject to revision

& = € [ dataiutah L wiaterm|_1_1 R WaterLab_AA Site Code Site Name Site Type
This XML il does ot appea 0 ave ay style information assoiied ith . The document tree i hown below. oo Ak i it —
[— - g xode"htps /. 3.0rg/ 2001 /LScheoms” nlng:
V<queryinto> LR _Waterlab AA Logan River at the USU Water Lab Aquatic Aquatic
+Seriveria Nothodcell s
oaranetor name-"sive" vaLue-' uteh IR NatorLab An"/> LR MainStreet 8A Logan River at the Main Street Bridge Aquatic Aquatc [
eiteries
<raryinios T
v Py IRGCC Golf Course
[ARIABLES v<siteInfo> .
vah ArTemp_Avg) Temperature G-‘:‘::"::»: at the Utah Water Research Laboratory west bridge AR TWOEF, Experimental Fore MOdQ'Ing and Data Federation
RH) Relatve Humdty </siteName> rrovane Urtan @ Arerogon My sustanab o Wegera
B Dev s e ure, dew port Setecods natwork="Lutah" siteiDe" 17518 Vatoriab Mc/sitecoder Tl | —
T, i fome  Develop Bl Avout - . T e e
<longitude>-111.795742: ude> LRTCC Tony Grove Cima) % :-&:-‘:‘-:;l;iv.‘w.—:’:
/e . : i
S i 18.TG.8A wenrvernear]  LOgan River at the Utah Water Research Laboratory west bridge | .. L —
i o) Precptaton <t icatoatum » - . po— o
wiarPrece red Precoiaion e — e et
futah:JuddDeptn_Avg] Snow depth at Site Code LR Watertab AA
futah:JuddTemp_Avg) Temperature fane-"Site Type > x Vaeman 1048
[utah:SWin NROT_Avg] Radaton, ncomng shod  S[2Eth0e “Local 0D Getvalues® servicewsdl="http://we.ncde.noss. gov/CUANSISexvices/CUNISISel o Veman .
utah:SWOut_NRO1_Avg] Radation, outgong shor <seriess - : R B . Latitude 41739034 Ol \ine
utahiL Win_Cor_NRO1_Avg) Radation, ncom evartasies [ | ™ potect s s v Projection s ovion oa
L0 Cor N1 Al Pdarie, ougers arlubtecods vocabulary="1utah” default-"true" varlableIo-"S1">Battveltc/variabiecods> ol are thse of the .
SalueTvperield ohearvationt vaineTypes EPSCoR S Longitude -111.795742 sute Uah . .
CiaaTypecontinions/datiypes
VALUES/TIMESERIES Sgeneraicategorysns serumeneacions genoraicategory> Latton o s0% o
uiahiLR_WaterLab_AR] futah:BattVor] Logan R , Sampletetiupiot Relevant</sasplel VLonS s County Cache o
fufah LR WaterLab_AA] utaf:H_enc] Logan R evrovelsae e e
futah:LR_WaterLab_AA] futah:Door_Tof] Logan R <unitTypesPotential Differences/unitType> o o
futah:LR_WaterLab_AA)] jutah:WaterTemp_EXO) L4 o Ve anitabbreviation Elevation 14140 Comments i T e P T I T R R T [ — un
utah:LR_WaterLab_AA] futah:SpCond] Logan Riv e ek mitcade: " o
futah:LR_WaterLab_AA] futah:pH] Logan Rver at Crenataveiues-9935</nopatavaiue Local X None Watershed Logan M om0 OO K
futah:LR_WaterLab_AA] futah:0DO) Logan Rver '?(‘:':)5::“ aRogular= Ty 11 T3 Tls ST Men1d Wes2l I3 Wy el Tu Sedkew T DuS SOl Moo el 11
futahiLR WaterLab AA] futa:ODO_Sar] Looan R ontetaneontnatec/unt ane> Local Y None Site Type  Stream
futah:LR_WaterLab_AA] [utah:0DO_Local] Logan “anittypesTine</anitType
uiahiLR_WaterLab_AA] futah:EXOTme] Logan R Sniiaserevistionind niussreviation
futahiLR_WaterLab_AA) jutah: EXOVo) Logan R Phucrrin aad
: Most Recent Instantaneous Measurements The data presented here are
Cepeciatismnot applicablac/apoctation Data update time: 2014-06-25 11:45:00, past 24 hours sho 4 IO
eiabios
Sixuocount 17087</vatuscom> — T~
v rLabtoTimmiotesval YasstypesiasTotervalyge’> Rpeatare P — [ —
egiioaterings 301310 o< bosianaterios a7
enaterinesa014-03- 317041 451004 endosterines 10.620 | f\ 318.300 \\/—/‘ 8.460 \/.\
desC usfem o
<earabiorinatatorials
« Sonihod methodierss"s
Taetnodbesoriprion. Gvoen, dssoed Grvgen, dsscived Turbidty
Sattory voltage nessured by a Campbe1] Scientific CRI00 datalogger. BREd T
5:830 N / 1.490 Y\,
88.500 g ‘e
X sa w1y
Suegreen agae orophi iored Dissoived
C U A H Sl .(,..M.gm;.?.‘y - " Soonsbexte e
A 67050 “‘\n,J\ ogs0 |
-0:030 \ - -
030 | e e b il e
H I S e ]
55.280 A
Sharing hydrologic data em
WARNING: These data may be povisional and subject to revision. The data are eleased on the condition tht neither IUTAW, Utah State
e e e e e et el




Enhanced Web-Based Time Series
Data Access and Visualization

e 006 Time Series Analyst
@ + | @ data.i or.org/tsa ¢
Sk : : : : +
EPSCoR
Q Map E Datasets «h Visualization
- > -
260 £ Plot Options
2404 Al | LastMonth | Last Week
220
Begin Date 5/10/2014
200
180 End Date 6/10/2014
£ 160
g Visualization Histogram ~
140+
g
@
o o
100
80 ‘ = Legend
60 B ODO: Oxygen, dissolved
404 RB_CG_BA: Cottams Grove Basic Aquatic
20 B WaterTemp_EXO: Temperature
RB_CG_BA: Cottams Grove Basic Aquatic
92 93 94 95 96 97 98 99 10 101 102 103 104 105 B )
Oxygen, dissolved (mg/L) Summary Statistics
Arithmetic Mean 9.35
Geometric Mean 4.7
Maximum 10.46
Minimum 8.38
Standard Deviation 0.42
2
£
g 10% 8.57
R
a 25% 8.95
Median, 50% 9.29
75% 9.57
90% 9.74
Number of Observations 2977
11 1M 12 12
Temperature (degC)




Sensor Data QAQC

LoggerNet Server

LoggerNet
Backup

ODM
Streaming
Base Data
Station Loader

Database Server

.dat
Datal.ogger
Text Files

oy €5
(rninie S

Archival

Archival of ODM
rchiv,
Databases )
of original Virtual
.dat files Machine
Backups

Web Server

Time Series Display

.

ODM Tools Python

(and other plot types)

~

(e o e

&

File-Based Archival
and Publication

WaterOneFlow
Web Services




Development of a QAQC Plan

Quality Assurance:

“..protocols developed and adhered to in a way
that minimizes inaccuracies in the data
produced ... produces high-quality data while
minimizing the need for corrective measures to
improve data quality.”

e Sjte Standardization

 Data Curation (Datalogger Programs
and Files, Data Averaging, Database
Structure, Equipment Management)

* Replicate Sensors

@ a o

* Factory Maintenance

* Field Maintenance Schedule and
Procedures

USU32 - Oxygen, dissolved (mgil)
9

* Field Calibration Schedule
and Procedures

*  Manual Data Monitoring

USU6 - Temperature (unk)

* Automated Data Monitoring and Alerts

Quality Control:

“occurs after the data are generated and tests
whether they meet the necessary requirements
for quality outlined by the end users.”

® Data Qualifiers and Flagging

® ODM Tools Python (data management
software)

® Quality Control Levels

® Data Processing Steps

dy Hollow near Paradise, Utah

USU-LBR-Paradise - Little Bear River T USU-LBR-SFLower - South Fork Little Bear River below Davenport Creek near Avon, Utah
2 4 .i 4% §
i = Sensor driftand
! L w calibration shift
{ %0
* ' Sediment g 0 |
* ' sensor cup £
2 4 5.
o1 3 N S _—
25‘M T 2amar | S1Mar SA | BAp | OA S 2w 6 &
Date Date
USU-LBR-Confluence - Little Bear River below USU-LBR-Mendon - Little Bear River at Mendon Road near Mendon, Utah
Confluence of South and East Forks near Avon, Utah f
’ 100 +
“ Strange ©) o e\ Dead battery
© anomalies () 0) Foo \ .
ol | I : 3\ .
{ © Z 1 .\ ﬁ $ o: -~ .
10 4 2 - ~
| I VAT B
o
Now-2007 2008 V.xk 2008 Now- 2008 ® 9-Oct ’ .H()ct . 30c o .()cl. o Oc o
Date Daty

* Recording Events

Campbell, J. L., Rustad, L. E., Porter, J. H., Taylor, J. R, Ethan, W., Shanley, J. B., ... (2013). Quantity is Nothing without Quality. BioScience, 63(7), 574-585. doi:10.1525/bi0.2013.63.7.10



QAQC: Automated Alerts
(Enhancements to ODM)

Technicians receive email alerts daily
1. Power: battery voltage < 12 volts
2. Persistence: value of a variable is unchanging
3. Updates: data are not being reported
4. NaNs: sensor is reporting “NaN” values

Additional alerts will be implemented as needed
(e.g., variable-specific range checks, internal
consistency, spatial consistency).

USU3 - Battery voltage (V)

USU35 -pH (1)

iUTAH Data Alerts <data.alerts@usu.edu>
to chris.cox, amber.jones =

The following results are have repeated values in the past day.

SitelD  SiteCode VariablelD VariableCode DataValue Start End ValueCount
3 LR_MainStree 61 0DO_Sat 84.90 2014-02-17 21:15 2014-02-18 01:15 17
4 LR _TWDEF_C 9 Precip_Tot 9.74 2014-02-17 18:00 2014-02-18 00:45 28
4 LR TWDEF_C 13 SWin_NR01_Avg -4.88 2014-02-17 20:30 2014-02-18 00:30 17
4 LR_TWDEF_C 14 SWOut_NRO1_Avg 00 2014-02-17 18:30 2014-02-18 04:00 39
4 LR _TWDEF_C 24 PARIn_Avg .00 2014-02-17 18:45 2014-02-18 04:00 38
4 LR _TWDEF_C 25 PAROut_Avg .00 2014-02-17 18:45 2014-02-18 04:00 38
4 LR _TWDEF_C 41 SoilCond_20cm_Avg .00 2014-02-17 06:15 2014-02-18 04:00 88
4 LR _TWDEF_C 45 SoilCond_50cm_Avg .00 2014-02-17 06:15 2014-02-18 04:00 88
4 LR TWDEF_C 48 SoilTemp_100cm_Avg -2.06 2014-02-17 09:15 2014-02-17 13:15 17
4 LR_TWDEF_C 49 SoilCond_100cm_Avg 00 2014-02-17 06:15 2014-02-18 04:00 88
4 LR _TWDEF_C 91 Precip_HrDiff .00 2014-02-17 19:00 2014-02-18 01:00 25
5LR_GC C 5BP_Avg 86.00 2014-02-17 21:45 2014-02-18 01:45 17
5LR.GC C 9 Precip_Tot -9999.00 2014-02-17 06:15 2014-02-18 04:45 91
5LR. GC C 45 SoilCond_50cm_Avg .00 2014-02-17 06:15 2014-02-18 04:45 91
5LR GC C 91 Precip_HrDiff .00 2014-02-17 06:15 2014-02-18 04:45 91

(15 rows affected)
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t t t t } t t
26-Nov 29-Nov 2-Dec 5-Dec 8W 11-Dec 14-Dec
Date

86T 41

®
~
L

hed
N}
L

®
o
L

N
®
|

N
o
|

~N
N
L

y y L ' ' 4
t t t t t t

30-Aug 6-Sep 13-Sep 20-Sep 27-Sep 4-Oct
Date



QAQC: Data Visualization and (2
Management

Plot Display

e | Plot | Edit | View | Date Range

a0 b = & i 5 (7 D Restrictions
;Zni; Probablity Histogram Box/Whisker Summary i i m Apply Fl::l '[‘);:e

Site: Logan River at Main Street (Highway 89/91) Bridge Site: Logan River at the Utah Water Research Laboratory west bridge
VarName: Specific Conductance — VarName: Specific Conductance
QcL: 0 QcL: 0

.
M u Itl | e Site: Logan River near Tony Grove Site: Logan River at Mendon Road (600 Sa
VarName: Specific Conductance — VarName: Specific Conductanca

Zooming
and Panning

Specific Conductance (microsiemens per|

300 | [ L

229"

a20%% 6203

sep cep ? cep ?

¢ Qe @) @ @ M T x-0cto1, 2014 05:43, Y= 293.1460 (Specfic Conducta Series Selecﬁon

Nl series: mssql:/Amber@iUTAHdbs.uwrl.usu.edu/iUTAH_Logan_OD

Simple Fifter Advanced Filter FI |te rS

———

Time Series
Selection

[LR_WaterLab_AA-Logan River at the Utah Water Research Laboratory west bridge
Variable ISpCond-Speciﬁc Conductance v]

SeriesID SitelD SiteCode SiteName VariableID VariableCode VariableName Speciation VariableUnitsID  VariableUnitsName Sa dium  ValueType

5 1 LR_WaterLab_AA  Logan River at the Utah Water Research Laboratory west bridge 58 SpCond Specific Conductance Not Applicable 192 microsiemens per centimeter SyjféCe Water  Field Observatiol
31 2 LR_Mendon_AA Logan River at Mendon Road (600 South) 58 SpCond Specific Conductance Not Applicable 192 microsiemens per centimeter rface Water

57 3 LR_MainStreet_BA Logan River at Main Street (Highway 89/91) Bridge 58 SpCond Specific Conductance Not Applicable 192 microsiemens per centimeter Surface Water  Field Observatior
362 9 LR_TG_BA Logan River near Tony Grove 58 SpCond Specific Conductance Not Applicable 192 microsiemens per centimeter Surface Water  Field Observatiol ~
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QAQC: Data Visualization an
Management

Number of Observations

Number of Observations

Logan River at Main Street (Highway
89/91) Bridge

Logan River near Tony Grove
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QAQC: Post Processing

Common Filters on

Data Points

Value Threshold

Editing Tools

Value >

File | Plot | Edit | View

= = Value< 4
dit Functions Recording Options

OB ./ X NPOR M o oo |

Restore Save || Filter Reset Change Interpolate Linear Flag Add Delete | New Open Save Value:

Series Points Selection Value Drift. Point Point || Script Script Script [l (|

) Time Period: | cecond = Fonsole =BAx
Logan River at Mendon Road (600 South) dit View Options Help
) Date cols Python Console -
s o on 2.7.8 |Continuum Analytics, Inc.| (def
art 10/ 2/2013 B~ o00:00:00 = 2 2014, 15:12:11) [MSC v.1500 64 [
G - n win32
1 1 nd: - 10/13/2014 @  23:59:59 = "nelp", "copyright", "creg
Commit Edits to more infommacion Python Code
) Value Change Threshold
the Database Console
L i Value <
= U A J 4 edit_service
| 15 - . . X itools.controller.logicEditTools.}
2 Filter from previous filter ance at 0x0000000021B10FC8>
edit_service.filter_value(2.0,
LE OK ] [ Cancel ] [ Apply ] points = [
— [datetime.datetime (2014, 8, 11, 1, 0),
'H!'ﬁcime.date\:ime(zole, 8, 11, 1, 15), datetime.

L datetime (2014, 8, 11, 1, 30), datetime.datetime(
2014, 8, 11, 1, 45), datetime.datetime (2014, 8, 11
, 2, 0), datetime.datetime (2014, 8, 11, 2, 15),
datetime.datetime (2014, 8, 11, 2, 30), datetime.
datetime (2014, 8, 11, 2, 45), datetime.datetime(
2014, 8, 11, 3, 0), datetime.datetime (2014, 8, 11,
3, 15), datetime.datetime (2014, 8, 11, 3, 30),
datetime.datetime (2014, 8, 11, 3, 45), datetime.
datetime (2014, 8, 11, 4, 0), datetime.datetime(
2014, 8, 11, 4, 15), datetime.datetime (2014, 8, 11

. 914 A-;_ol“ ot 2014 _ﬂq_m‘ 51014 , 4, 30), datetime.datetime (2014, 8, 11, 4, 45),
Dyna|c Data 2 sep sep oct® acecine acerive 2004 iSO\ daceiize
Date x
e - . Valu... Dat.. Val.. LocalDateTime DateTimeUTC S.. V. Off. off... C. Qu M. S. Sa.. De. Q|12
Ed In ng D I S p I ay 2833 2013-10-02 13:: 1 51 None None nc None S0 1 None None O E
2834 1 51 None None nc None 50 1 None None O
2835 1 51 None None nc None 50 1 None None O
§ T & O @ X=Jul 29, 2014 02:30, Y= 12.9183 (Oxygen, dissolved (milligrams per liter)) 2836 1 51 None Nome nc None 50 1 None None 0
2837 1 51 None None nc None 50 1 None None 0O
Editing a new file = 2838 1 51 None None nc None 50 1 None Nome 0
5 - 2839 1 51 None None nc None 50 1 None None 0 |
I Execute ]I Execute Selection ][ Execute Line 1 51 None None nc None 50 1 None None O |
4 #series_service = SeriesService(connection_string='mssql+pyodbc://Amber:@iUTAHdbs.uwrl.usu.edu/iUTAH_Logan_OD") S ean | |
s edit_service.filter_value (2.0, '<") 1 51 None None nc None S0 1 None None 0
6 edit service.reset filter() 2844 13.34 None 2013-10-02 16:00:00 1 51 None Nome nc None 50 1 None Nome O
ry - . _ . " - 2845 13.29 None 2013-10-02 1¢ 1 51 None None nc None S50 1 None None 0
7 #Perform linear drift correction based on calibratioon 8/13/14 e o Ton heaen e e
8 Hpoints = [ 2847 13.32 None 2013-10-02 1¢ 1 51 None None nc None 50 1 None None 0
10 edit_service.select points([], points) 2848 13.26 None 2013-10-02 1 1 51 None Nome nc Nome 50 1 None None O
a N N - N 2849 13.22 None 2013-10-02 1 1 51 None None nc None S50 1 None None O
= ed.lc_servlce.dr.lfc_m?rreclnon(o.o’ls) 2013-10-02 17:: 1 51 None None nc None 50 1 None None O
12 #Interpolate anomalous points 1 51 None Nome nc None 50 1 None None 0
13 Fpoints = [ 1 51 None None nc None 50 1 None None O
: i : : 1 51 None None nc None S50 1 None None O
15 edit_service.select_points([], points) s
16 edit_service.interpolate() Tabular Data 1 51 None None nc None 50 1 None None 0O
17 #Flag period of sensor malfunction P thon 1 51 None Nome nc None 50 1 None None O
18 edit service.filter value(2.0, '<') y 1 51 None None nc None 50 1 None None 0
o — - S I tl 1 51 None Nome nc None 50 1 None None 0O
[Series: mssql://Amber@iUTAHdbs.uwrl.usu.edu/iUTAH_Logan_OD Editing a new fil& SC ri t Ed itor e ec On i : :x: :x: :z :::: ;g i :::: :2: g
1 51 None None nc None S0 1 None None 0
1 51 None None nc None S0 1 None None 0
2863 13.11 None 2013-10-02 2 1 51 None None nc None S0 1 None None 0
2864 13.1 None 2013-10-02 2 1 51 None None nc None S50 1 None None O



Step 1: Select a Time Series for

] ODM Tools [ @] =]
File | Plot | Edit | View
Main Edit Functions
= e el 3
@ - Y / & l 0 (.
Edit |Restore Save || Filter Change Interpolate Linear Flag Add Delete Record
Series Points  Value Drift Point Point
8.45 ) Little Bear River at Mendon Road near Mendon, Utah )
- [
Drift and
Edit Series !
" =530 L
w
[0
@
5 8251 L
‘in
c
@
E 820/ L
z
T
2 8151 L
8.10 F
8.05 F
8.00 T T T T T
7 o7 Qo7 o7 o7
200 20 20 20 20
gep O cep ©® cep?® cep?? sep 2®
Date
POO +[E]@e v
Series Selector X
@ Al I
SeriesID  Sitel abl... VariableCode VariableName Speciation Variabl... VariableUnitsName SampleMedium ValueType TimeSupport
[ 13 1 uUsu33 Oxygen, dissolved per... Not Applicable 1 percent Surface Water Field Observation 30.0 :
[ 14 1 USU~N Little Bear River at Me... 34 Usu34 Specific conductance Not Applicable 192 microsiemens per cen... Surface Water Field Observation 30.0 [
— . . S ) R - 5 . -
I 16 1 USU-LBR-Mendon Little Bear River at Me... 35 usu3s pH Not Applicable 137 dimensionless Surface Water Field Observation 30.0
4 T TSU-LBr-menaon TRTIE Bear Rvar st e, 35 (10K ] ot Appicanie 37 LsllgaC=t i a5 CUTace viaear TETT Obearvaten E{RY i
71 18 1 USU-LBR-Mendon Little Bear River at Me... 36 usu3e Temperature Not Applicable 96 dearee celsius Surface Water Field Observation 30.0
< | m




Step 2: Select Data to Edit

r

1 ODM Tools [=[@][==]
File | Plot | Edit | View
—
N 3 I& | K (e Data Filter
Edit |Restore Filter Change Interpolate Linear Flag Add Delete Record
Points  Val Drift Point  Point '@' VBIU’E Threshold
6.5 Little Bear River at Mendon Road near Mendon, Utah Value =
Value <
8.40 4
8.35 | ) Data Gaps
.
8.30 _ g ‘ Value:
3 ~ i
@ . -
£ Time Period: 550N
§ 8.25/ n
‘w
c
o ) . _
£ 8201 ' ) Date
T : Before:
8.15
10/31/2007 B~
8.10 4
After:
8.05
10/ 1/2007 B~
8.00 T T T
2007 2007 2007 -
sep O sep 0° e ¥® () Value Change Threshold
P00 + - @ v [ | Filter from previous filter
Series Selector
@ Al () Simple Filter Advanced Filter [ QK ] [ Cancel ] [ Apply ]
SeriesID SitelD  SiteCode SiteName Variabl... VariableCode VariableName Speciation Variabl... VariaWreormerrarme ST TETT O TETOETy P
== = R o TS e e i o — R S e ot T
[ 13 1 USU-LBR-Mendon Little Bear River at Me... usu33 Oxygen, dissolved per... Mot Applicable 1 percent Surface Water Field Observation :
[ 14 1 USU-LBR-Mendon Little Bear River at Me... 34 Usuz4 Specific conductance Not Applicable 192 microsiemens per cen... Surface Water Field Observation [
[ 15 1 USU-LBR-Mendon Little Bear River at Me... 34 usu34 Specific conductance Mot Applicable 192 microsiemens per cen... Surface Water Field Observation
16 1 USU-LBR-Mendon Little Bear River at Me... 35 Usu3s pH Not Applicable 137 dimensionless Surface Water Field Observation
| 17 1 USU-LBR-Mendon Little Bear River at Me... 35 usu3s pH Mot Applicable 137 dimensionless Surface Water Field Observation
71 18 1 USU-LBR-Mendon Little Bear River at Me... 36 usu3e Temperature Not Applicable 96 dearee celsius Surface Water Field Observation %
< | ([ »



Step 3: Linear Drift Correction

P

5] 0DM Tools . . X
Fie | Plot | Edit | View Linear Drift Correction
Main Edit Functions
= / + 9 HC Enter a negative value to move points down.

Add Delete Record

Edit |Restore Save

Filter Change Int&rpolate Linear Flag

Series

pH (dimensionless)

Points  Value

Point

Point

Enter a positive value to move points up.

-0.15]

7"Oo0O +

Series Selector

@ Al

~-J0mEOEOt

©) Simple Fitter

SeriesID  SitelD

13
14
15
16
17
18

e

8.45 ) ; g Bear River at Mendon Road neal FII"IE' GBD
8.40 4
8.35 1 1 L
8.30 | U v : L
A .
8.25 s L
fa
4! b
8.20 4 b “ F
I
8.15 4 F
8.10 4 F
8.05 1 -
8.00 T T T T T
2007 2007 2007 2007 2007
sep o sep 08 sep 1 sep 22 sep 29
Sl . K]
x
Advanced Filter

SiteCode SiteMame Variabl... VariableCode VariableName Speciation Variabl... VariableUnitsName SampleMedium ValueType
oo TS L B i i e . e . =
USU-LBR-Mendon Little Bear River at Me... 33 usu33 Oxygen, dissolved per... Not Applicable 1 percent Surface Water Field Observation i
USU-LBR-Mendon Little Bear River at Me... 34 USU34 Specific conductance Not Applicable 192 microsiemens per cen... Surface Water Field Observation L4
USU-LBR-Mendon Little Bear River at Me... 34 usu34 Specific conductance Not Applicable 192 microsiemens per cen... Surface Water Field Observation
USU-LBR-Mendon Little Bear River at Me... 35 USu3s pH Not Applicable 137 dimensionless Surface Water Field Observation
USU-LBR-Mendon Little Bear River at Me... 35 usu3s pH Not Applicable 137 dimensionless Surface Water Field Observation
USU-LBR-Mendon Little Bear River at Me... 36 Usu36 Temperature Not Applicable 96 dearee celsius Surface Water Field Observation o

1




Step 4: Interpolate

A ODM Tools (o=@ ][=]
File | Plot | Edit | View
Edit Functions
= = ) o ) x
. E g Er.
‘:—) = || Oy / e |_‘ Z I U (.
Restore Save Filter Change Interpolate Linear Flag Add Delete Record
Points  Value Drift Point Point
8.45 ) ) Little Bear River at Melndon Road near Mendon, U;ah )
8.40 4 -
8.35 4 L
= 830 . L
v
Q@
§ 825/ L
z : ; 3
@ : .
E 8201 4 |
o < 3
= T
& 815 | i
8.10 4 3
8.05 4 L
8.00 T T T T T
2007 2007 2007 2007 2007
sep ob cef 08 cef 15 cep 22 cef 29
Date
P00 + @ w
Series Selector X
@ Al ) Simple Filter Advanced Filter
SeriesID SitelD  SiteCode SiteName Variabl... VariableCode VariableName Speciation Variabl... VariableUnitsName SampleMedium ValueType
=== = I .  r P oo T T oo R i — e ST e
[ 13 1 USU-LBR-Mendon Little Bear River at Me... 33 usu33 Oxygen, dissolved per... Not Applicable 1 percent Surface Water Field Observation :
[ 14 1 USU-LBR-Mendon Little Bear River at Me... 34 Usu34 Specific conductance Not Applicable 192 microsiemens per cen... Surface Water Field Observation [
E 15 1 USU-LBR-Mendon Little Bear River at Me... 34 Usu34 Specific conductance Not Applicable 192 microsiemens per cen... Surface Water Field Observation
16 1 USU-LBR-Mendon Little Bear River at Me... 35 usu3s pH Not Applicable I dimensionless Surface Water Field Observation
[ 17 1 USU-LBR-Mendon Little Bear River at Me... 35 Usu3s pH Not Applicable 137 dimensionless Surface Water Field Observation
[ 18 1 USU-LBR-Mendon Little Bear River at Me... 36 usu3s Temperature Not Applicable 96 dearee celsius Surface Water Field Observation s
4 | i | b




Step 5: Flag

A.] ODM Tools
| File | Plot | Edit | View
Main Edit Functions

Edit |Restore Save

Delete Record
t  Point

Filter Change Interpolate
Points  Value

(= =] =]

Flag Values

Qualifier

USU-I-Value Interpolated from previous and next value

Little Bear R|
8.45 L L
8.40 4
8.35 4
- 8.30
v
Q@
§ 025 oK || Cancel
v
—
E 8204 L
=
5 8154 i
8.10 4 3
8.05 4 H
8.00 T T T T T
2007 2007 2007 2007 2007
sep o sep o sep 15 sep 22 sep 22
Date
s =g =
POOC +- @ ¢
Series Selector X
@ Al ) Simple Filter Advanced Filter
SeriesID SitelD  SiteCode SiteName Variabl... VariableCode VariableName Speciation Variabl... VariableUnitsName SampleMedium ValueType
=== = I .  r P oo T T oo I B i — N i e
[ 13 1 USU-LBR-Mendon Little Bear River at Me... 33 usu33 Oxygen, dissolved per... Not Applicable 1 percent Surface Water Field Observation :
1 14 1 USU-LBR-Mendon Little Bear River at Me... 34 Usu34 Specific conductance Not Applicable 192 microsiemens per cen... Surface Water Field Observation ]
F 15 1 USU-LBR-Mendon Little Bear River at Me... 34 Usu34 Specific conductance Not Applicable 192 microsiemens per cen... Surface Water Field Observation
16 1 USU-LBR-Mendon Little Bear River at Me... 35 usu3s pH Not Applicable I dimensionless Surface Water Field Observation
17 1 USU-LBR-Mendon Little Bear River at Me... 35 Usu3s pH Not Applicable 137 dimensionless Surface Water Field Observation
[ 18 1 USU-LBR-Mendon Little Bear River at Me... 36 usu3s Temperature Not Applicable 96 dearee celsius Surface Water Field Observation e
< |

1 |




Step 6: Save Modified Data Series

Save.. Save... Save... ( Save... Save.. @

C Summary

@ Automatically geng @) Select an existil Site it
- - ) - Code: USU-LBR-Mendon
LT () Select an existing Y Code s - Mame: Little Bear River at Mendon Road near Mendon, Utah
® Save Description -9999 Unkn..] © Select an existing Variable
) Water terperature | 0 Raw .. - Code: USU35
§ - m Code  Name
@ Save Turbidity measured
Water level measure 2 Deriv... usus Battery vo - Units: dimensionless
Battery voltage meag 3 Inter... UsU4  Turbidity - Sample Medium: Surface Water =
Air temperature mea Knn... UsUS  Turbidity --Value Type: Field Observation
Relative humidity m () Create Quality UsUe  Turbidity - Time Support: 30.0
T Fr e Fm e e Code: Usuz Turbidity - Time Units: minute
(71 Create a new Meth USU8  Turbidity -~ Data Type: Average
- Definitior [ om | - General Category: Water Quality
Method Description ' Method
Sl (0 Create New Variak ‘... Description: Values derived from ODM Tools Python M
Source
E Organization: Utah State University Utah Water Research Laboratory
Description: Continuous water quality monitoring by Utah State University
Citatinn: ('nnfinlmu‘awaff-r auality monitoring by leff Horshurah David Ste ™
0 P




Recording Edits

5 ODM Tools [=[=@][==]
File | Plot | Edit | View

) ? e/ 2 W | )

Edit |Restore Save Filter Change Interpolate Linear Flag Add

Dete |Record

Points  Value Drift Point Po
Editing a new file X
) Li;tle Bear River at [Vlendon Road near Mendon, Utah ) =
8.45 Execute “ Execute Selection ” Execute Line
8.40 1 from odmservices import EditService
’ )’ 2 from odmservices import SeriesService
835 3 edit_service =
) 1 i 4 series_service = SeriesService(connection string='mssql+py

— 830 3 % 1 E T 5 ## To run commands from th co UNCOMMENT
[t » g o 3% 3¢ ¥ i & #edit_service = Tools
% 2 . " 3 7 edit_service.select points([datetime.datetime( g, 1, 20, 0), datetime.da
2 8251 " Y v " _ P&t r 8 edit_service.drift_correction(-0
bt X, - ! . ) ! . 9 edit_service.select_points([datetime.datetime (20 g, 14, 8, 30)1)
g 8.20 4 ’ V. ' i F 10 edit_service.interpolate()
2 " 11
T d
o 8.154 L3 F

8.10 4 F

8.05 4 F

8.00 T T T T

o7 007 007 007 007
o 20 6 2 P o2 2
pug gep © qep ¥? gep 2 qep 2’ \
Date

| Automatically
NOO ++ @ v generated Python

Series Selector X
@Al © Simple Fiter Advanced Fiter code with each editi ng
SeriesID SitelD  SiteCode SiteName Variabl... VariableCode VariableName Speciation Ste p
= 14 1 USU-LBR-Mendon Little Bear River at Me... 34 Usuz4 Specific conductance Not Applicable ~
[ 15 1 USU-LBR-Mendon Little Bear River at Me... 34 usuz4 Specific conductance Not Applicable i k j
16 al USU-LBR-Mendon Little Bear River at Me... 35 Usu3s pH Not Applicable | &
/| 17 1 USU-LBR-Mendon Little Bear River at Me... 35 usu3s pH Not Applicable
[ 18 1 USU-LBR-Mendon Little Bear River at Me... 36 uUsu3e Temperature Not Applicable
[ 19 1 USU-LBR-Mendon Little Bear River at Me... 36 usuze Temperature Not Applicable
[E 20 1 USU-LBR-Mendon Little Bear River at Me... 37 usuz7 Turbidity Not Applicable
E 21 1 USU-LBR-Mendon Little Bear River at Me... 39 usuzge Phosphorus, total P il
= _nn A TR PO Lau_ A mioo s an Limtina AL ool i n
< | 1 ] » 4 Ll »




Monitoring Equipment Management

When was the last i T sl Which sensors were
deployed at this site?
Who installed them?

time we cleaned this
sonde?

What were the field
conditions of our discharge
measurement?

Has this turbidity
sensor been serviced
at the factory?

Who programmed
this datalogger?

What is this
dissolved oxygen
sensor’s calibration

history?

How long has that
battery been
deployed?

Which soil moisture sensor
is buried at 40 cm?




Monitoring Equipment Management

( N
Attributes of variables
Detail librati YT , ; measured by a sensor
etails on calibrations, [ ————
d d d X / EquipmentMadelID = 5 |
MadelManufacturerID InstrumentOutputVariableID ODM2Core.
standar S, an materials ModelPartNumber (v} ModellD 59 Vet ReferenceMateriaValuelD
MadelName “+—————————e% Variableld ‘o variabler Ve ReferenceMateriallD S
ModelDescription o InstrumentMethodID 0 Va :ablec"; e ReferenceMaterialvalue
IsInstrument InstrumentResolution ) Var ableNO L cv ReferenceMaterialAccuracy a
MadelSpecificationsFileLink (n] InstrumentAccuracy o var!abch:rrm;t‘ o VariableID S
ModelLink o InstrumentRawOutputunitsID ) Specatiancr Il 5] UnitsID 50
r el CitationID 0
NoDataValue /
‘—nnu i Calil i L
~ ODM: i Calil Actii
BridgeID
ALt og ActionID Oy
EquipmentiD Oy CalibrationCheckValue (=) i
::"Slgume“'g‘m’““’a"ab'em =) (=] c i ReferenceMateriallD
alibrationEquation BridgelD .| ReferenceMaterialMediumCyV
ActionID og ReferenceMaterlalOrganizationiD N
|7 opm2equipment.Equipment | Referen e g Raferenceetrsk BT o
(] EquipmentID ReferenceMaterialPurchaseDate o
= EquipmentCede ~  ODM2Core. eatures ReferenceMaterialExpirationDate N]
RelationID EquipmentName + & ReferenceMaterialCertificateLink [N]
EquipmentID 50 EquipmentTypeCV SamplingFeatureID SamplingFeatureID (v}
RelatonshipTypeCV EquipmentModellD Oy SamplingFeatureTypeCV
RelatedEquipmentiD A EquipmentSerialNumber SamplingFeatureCode
RelationshipStartDateTime EquipmentOwneriD og r ) -
RelationshipStartDateTimeUTCOffset EquipmentVendarlD 0g ~  ODM2Core.Methods SamplingFeatureDescription N
RelatonshipEndDateTime o EquipmentPurchase Date S i (] N DataloggerFileColumnID
RelationshipEndDate TimeUTCOffset o i chaseOr b o MethodID FeatureGeometry o ResultiD 0
EquipmentDescription o ::::ggz?;zcv Elevation_m o DataLoggerfilelD "o
EquipmentDocumentationLink (1] ElevationDatumCV 8] [nstrumentOutputVariablelD
MethodName r ColumnLabel
MethodDescription o CelumnDescription n)
| | g:;::?z’j’t‘l‘;nm 8 MeasurementEquation ()
H ~ ODM: i i -9 ScanInterval o
Attributes of P ScanIntervalUnitsTD 0 o
S oth ES :
ecordingIntervaluni O
sensors ana other Equipmeniiiy g =] ODM2Core.Results Agar cv o
1 ResultiD f
equmem‘ - - ResultUUID
| cti FeatureActionlD o) |~ opm: i t.Datal
- = = ResultT: o
ActionID ) -~ ODM2Core.Actions | |~ ODM2Core.FeatureActions V::;’gleyr;cv k‘\J‘ DataloggerFileld
IsFactoryService H9————+ - ActionID FeatureAction]D UnitsID og| ProgramID Ox
Meintenarioe oo o ActionTypeCV SamplingFeatureld o TaxonomicClassifieriD O ™ DataLoggerfileName
MaintenanceReason o Action1D 05 DataLoggerfileDescription o
MethodID o0 ction! 2 ProcessingLevellD g A O
BeginDateTime ResultDateTime 0 DataLoggerFileLink o
X BeginDateTimeUTCOffset ResultDateTimeUTCOfset )
|_ ODM2Core.RelatedActions [ EndDateTime o ValidDateTime N
RelationlD B e u ValidDateTimeUTCORfset ) - -
: L ctionDescription StatusCV "
Information on ActiontD - AdtionRielink piedvied
RelationshipTypeCV SampledMecEER ProgramID
. ValueCount AffiliationID Oy
Rel 05 o
malntenanCe and alatedh ol 9 ProgramMName
/nf m t7 n ProgramDescription )
4 P Versi [
factory service ormatio ate th ProgramPeiny g
on sensor Relate the ;
. ; Details on
deployments equipmen
ploy , , datalogger
information to
i programs and
Data Model developed to relate: Observations
.

* Equipment

* Field Activities » Measured Variables
* Deployments e Datalogger Programs

e Calibrations

\L

output files

Database serves as underlying
structure to web interface.



Monitoring Equipment Management

Amber & Logout
Amber g Logout Amber & Logout
. e . : 5t
Sites Site Visits Equipment Vocabularies . i . .
ManageSites  MamageSiteVisis  Managefaulpment  ManageVocabularies iUTAH m Sites  SiteVisits  Equipment  Vocabularies Sites Site Visits ~ Equipment  Vocabularies
Manage Sites Manage Site Visits Manage Equipment Manage Vocsbularies
Sites Site Visits .
Equipment
Keyword ]
Date | site Name. Z'“ Crew Keyword
Site Code 4| Site Name Site Group Site Type roup A
2014/02/11 TWDEF Climate Station Logan River | Chris Cox, Jobie Carlise, Joel Martin Serial Number #| Type Model Manufacturer Owner
RB_KF_C Knowlton Fork Climate Red Butte Creek | Climate 030 At
6500000 Sensor SDI-12 Soil Acclima, Inc. Chris Cox
RB_KF_R Knowlton Fork Repeater Red Butte Creek Repeater 2014/02/05 TWDEF Climate Station Logan River Chris Cox, Allison Chan
00w 6500840 Sensor $DI-12 Soil Acclima, Inc. Chris Cox
RB_KF_BA Knowlton Fork Basic Aquatic Red Butte Creek | Basic Aquatic
2014/02/03 Golf Course Climate. Logan River | Chris Cox 6500841 Sensor $DI-12 Soil Acclima, Inc. Chris Cox
RB_KF_S Knowlton Fork sapflux Red Butte Creek | Sapflux 12:50 PM
Amber &} Logout Sensor SDI-12 Soil Acclima, Inc. Chris Cox
RB_ARBR| Abosenostnaan, P S 2014/02/03 Main stre
Amber g3 Logout  [l—1 12:00 PM Sites Site Visits Equipment Vocabularies 3 Sensor SDI-1
RB_ARBR MinsteStes  MansgeSteVists  Manspe Equiament  Mansge Vocsbulares i ) . »
- Sites Site Visits Equipment Vocabularies | 2014/01/31 Main Stre : Sensor SDI-1. UTAH m Sites Site Visits Equipment !
s Mirstsie  MasgeSievats  Mavsp baupment M
RB_RBG_|| 03:35 PM
| 5 Sensor SDI-1
RE_GIRF ooz colfcowrsl Site Visit Details
— 03:00 PM Sensor SDI-1
w5 o a Site Details Details
B | 2014/01/24 Main stre EditsiteVisit Description J  Delete  J{  View Full Visit History for thissite 3 sensor SDI-1
R_c_3/ == e e
| B 2 ] Sensor SDI-1
LR_TWDE T T ﬂ Red Banks. £ Serial Number: 61012151
) § Nt — = L > sensor SOl odel Name: 2
LR_FB_C b=osfh = ® 7 2, + o Model Link
] e T R : | £ oo — s aplatons, nding, conciesons. or | vl e b Sensor SDI-1 Model Description: Humidity and temperature
18 e e - n o B iy Coppnd inventory Number:
g _ " Sencar sni-1 Purchase Date: 2013/04/02
o i ' Order Number: 192016
§ o, m= S Wi ‘ Notes:
ez H 0 o ok *
H R 5 ® Owner Information
Any opinions, fi : i 3 o of the Thismatacialie bacat oo ok cucooctad 1 Contact: loe Crawford
= I i | Institution: Brgham Young Universty
: A bk o = r5tah Address:
: ik o A Phone: 435-760-8334
_ $ o 5 : s o014 o remertee nesecsrnerr| |l | [TEEVE] AR S i aamtape e
Site Code: LR_MSB_BA Latitude: 41721091 Lat/Long Datum: WGS84 Site Visit Location Manufacturer Information
Site Name: Main Street Longitude: -111.83509 Vertical Datum: MsL Site Code: LR_TWOEF C ) Deployment Details Names gt
Bridge Basic Aquatic Site Type: Basic Aquatic Site Group: Logan River Site Name: TWDEF Climate Station A:: act Name: unknown
— ress:
Elevation: 1377 Latitude: 41.864805 = o
gout Longitude: -111.50743 Web:
be! . - (L Equipment Description ebsite: www.rotronic-usa.com
ployment Measured Variables . o ) ) Elevation: 2628 o
UTAH Sites Site Visits Equipment Vocabularies Equipment Serial Number: 1201/
Variable Name ~[Recorded ¢ ] VosweSites  MasageSiteVists  Mamagelouipment  Manage Vocabularies Site Visit Description Equipment Type: Sensor Vendor Information

Oxygen, dissalved

oH

Specific Conductance

Temperature

Deployment History of Main Street Bridge Basic Aquatic

Be,

uTC Offset:

Crew: Chris Cox, Jobie Carlise, Joel Martin
Date Time: 2014/02/11 10:30 AM
End Date Time: 2014/02/11 12:00 PM

-07:00

Environmental Observations: Light to moderate snowfall.

Orygen, dissolved, transducer signal Visit Notes: Noticed some riming on Rotronix and ST110 but did not think it was worth trying to clean.
Keyword . :
ViewDeployed Equipment ]| Viewsitevists | Field A ies Perform
Equipment Equipment - -
Date B s" ’IN " r" ‘ Manufacturer :| Model site Activity _| Begin End Description
erial Number | Type Type Date/Time | Date/Time
This materal s based upon werk supported by o e | e 2E Rad Campbel] L e Equipment | 2014/02/11 2014/02/11 I had accidentally connected the jump
ey oo, g concisens S e Sors e e S o s | 2055 oot oot rater s
i
Sridge Equipment 2014/02/11 2014/02/11 Completely drained and refilled Geonor bucket. | added about 1.5L of
Cs Adjustment 4 AM 30AM new zntifreeze and new oil (roughly .25L).
Aquatic
Sensor 2010/02/11 | 2014/02/11 | Tried o clean solar sensars. Some e covered the Auksafiux and
25858 Oatalogger | Campbell crso0 Main Ceaning | 1135 AM 12:009m Incoming PAR. | ried to remove without scratching sensor domes
Sclentific street
Sridge Add New Calibration 7dd Other Field Activity
sic
Aquatic
201 1200 | e Battery Power Sonic 358t wain
M to Present street

* Record site information, site visits, and field activity details
* Store information on physical equipment
* Track equipment deployments, calibrations, service events

Model Name: £X020H
Description: EX02 Sonde pH probe
Purchase Date: 2012/11/12 Contact Name: Kevin Rhodes
Equipment Notes: Address: 815 West 1800 North, Logan, UT 84321
Link: Phone: 435.227.9000

ail
Website: htto\\www.campbellsci.com

Name: Campbell Scientific

Owner Institution: Utah State Un
Owner Contact: Chris Cox
Owner Address:

Owner Phone: 505-250-5885
Email: chris.cox@usu.edu

[ oviormen sy I tomswicarinons Y cuesienriners §

Deployment Description
Site: Below Jordanelle Aquatic

Deployment Begin Date: 2013/09/25 10.00 AM

Deployment End Date: 2013/11/26 01:00 PM

See Retrieval Information

Deployment UTC Offset: -07:00

Currently Deployed: No

Deployment Type: Fixed monitoring

Deployment Deseription: This is the pH sensor installed on the sonde.
Deployment Notes:

Horizontal Offset Description: The sonde and the sensors were installed about 34' away from the data
logger.

Horizontal Offset Units ID:

Horizontal Offset Value:

Vertical Offset Descrip
Vertical Offset Units 1D
Vertical Offset Value:
Parent Equipment: EX025onde
Deployment Schematic:

Measured Variables

New Deployment Measured Variabl
No content found.

[ e nipmertsomtomersoy Y oosievit ]




Publishing Data with the CUAHSI
Water Data Center

1. Load your data

into an ODM
database

Database

The iUTAH
workflow focuses
on this step

2. Deploy a WaterOneFlow
web service for each ODM
database on a web server

[ data.iutahepscor.org/LoganRiverWOF/WaterML_1_0.aspx Q9

CUAHSI WaATERML WEeB Services FOR ODM vi_1 DATABASES

Home  WateML10  WaterML 1.1 WaterML20  DataCart WFS  Admin

WaterML is deivered over a SOAP AP, calied *WaterOneFiow'. I this version, the AP! s updated to inciude a REST endpooint
‘There are two methods in these services:

. RE
. S0AP API

Test the Rest Interface
Ste:

Varabe:
Bagn Date
End Date: €« C [} data.iutahepscor.org/LoganRiverWOF/REST /waterml_1_1.svc/siteinfo?location=iutah:LR_WaterLab_AA
Generate This XML il docs not appes to have any wod with i, T shown below,
VariableURL | [ Site + Series URL | [ Vall
Gonar [ p—— £30L/1.1/" mlns sxad="nttps /i 3.05/2001 /XL Schona’ xalns:xais nets)
Generated URL: equoryiator i
v<oritoria Nethodcallad--Cotsitetnio™
[Run the Generated URL ] [ Reset | oaranator namer atter waluon: tuiah i1 Nateriab AN"/>
<emiteris
WaterML s defvered over a SOAP APL | </quesymato>
There are two methods in these services] T LEEIRES
jan Rives at the Utah ater Reseazch Laboratory vest bridge
s </eitevones
iTES Sootode retwockeutah asteroe 1A Natastah pre/ttocode>
tarLR WaterLab AA] Logen Rveratt]  v<geolocati
futaniLR_Mendon AA] Logan Rver at el e >

it tvudes 41,3503 4/ Lat o>

utah:LR_ManStreet_BA] Logan Rver
utah:LR_TWDEF_C] St
utah:LR_GC_C] C

/geogiocation
</geotoeation>

<elevation r>1414</elevat or

yocache</aiteProperty>
tate >0tane/aitoProperty>

st dofaulie’true” vasisbleron’s1 > Bateole</variablocode>

Flonc/gooesicatagory
ampiovediumorer Relovant</sanpion

VARIABLES veunit>

tarArTemp Avg) Temperature e
futah:RH) Reiatve Homidty Sihtbreviationsv</umtcasprevis
wtah: DewPt_Avg] Temperatuse, dew po!

</unie>
Crebaievaiues-9999</sepatavaiaes
e WS Ave Wod speed vtisescale Lsneqii
[utah:WindDr_Avg] Wind

<unitTypesTine</unitType
<unitABbreviationminunitabbreviation
<unitCode>102</uni tCode>

</unit>

</tinescate
<speciationiot Applicable</speciation>

<iasies
fufahLWin_Cor_NRO'_ Ave) Radaten b
a0 Cor. NG1_Ava) Radaton, { e i o3 183131 o

<endbaterine>2014-03-31T04:145:00</endDateTine

</variapl erineTaterval>

wtah: BattVor Lg v <method methodro-

A] futah:RH_enc] Lg v<methodbescription>
utah:Door_Tot] Battery voltage neasured by a Campbell Scieatific CR3000 datalogger.
wtah:WaterTemd </nethodboscriptions

AA] futah:ODO_Loca] Logan Rver at the Utah Water Research Laboratory west brdge
utah:EXOTime] Logan Rver at the Utah Water Research Laboratory west brge
wtah:EXOVo] Logan Rver at the Utah Water Research Laboratory west brdge

3. Register the web service

with the CUAHSI Water
Data Center

CUAHSI HIS Central x

€ | @ nhiscentral.cuahsi.org @ Q search

CUAHSI

HIS

Sharing hydrologic data Home All Data Services Forum

CUAHSI Water Data Center Catalog of Data Services V2.3

Catalog Statistics

Numb r of
S oun M Time Serle: oc;
104 2,670 11,981,894 1,213,070 401, 832 368.5 06/14/2015

Publishing Point Obse lon Daf ervic
This website supports the sharing of hydrologic data published using WaterOneFlow web services and
the Observations Data Model (ODM). For more information on publishing hydrologic data, click here.
1. To learn how to publish your data in the HIS Central catalog,click here
2. To download data from the HIS Central catalog, click here to download the latest version of
HydroDesktop.

Ci og Tools

« Hydrologic Concept Ontology (requires java).
 HIS Central Web Services API




New CUAHSI HIS Data Search Web Client

http://data.cuahsi.org/ (Official release on June 22, 2015)

®O® /| _cussiHisHydroCent x | +

Select a IOcation €)e da;a.cuahsi.org @  Q search I ANB O A4 2 w-0 | =
Se I e Ct a tl m e List of Timeseries for Selected Marker £ Download Manager

To zip one or more data files, please click the associated table row(s) and then click the 'Zip Selections' button.

p e ri O d show 10 [Jentries [ Select All? :‘ Search: I—

Organization 4 Service Name Keyword Variable Name
S e I e Ct k e yW O r d S Utah State University, iUTAH EPSCoR Logan River GAMUT Specific conductance Specific Conductance
Utah State University, IUTAH EPSCoR Logan River GAMUT Specific conductance Specific Conductance
S e | e Ct d a t a Utah State University, iUTAH EPSCoR Logan River GAMUT pH pH

Utah State University, iUTAH EPSCoR Logan River GAMUT Oxygen, dissolved Oxygen, dissolved
L]
S e rv I C e S Utah State University, iUTAH EPSCoR Logan River GAMUT Oxygen, dissolved Oxygen, dissolved, transducer signal
Utah State University, IUTAH EPSCoR Logan River GAMUT pH pH

Utah State University, IUTAH EPSCoR Logan River GAMUT Oxygen, dissolved Oxygen, dissolved

Search map

Utah State University, iUTAH EPSCoR VariableCode

Showing 1 to 7 of 7 entries (filtered from 13 total entries) Previous 1 Next

Select a site and
download time
series as CSV




CUAHSI HIS Resources

* CUAHSI Water Data Center:
https://www.cuahsi.org/wdc

 CUAHSI HIS HydroServer Codeplex Website:
http://hydroserver.codeplex.com/

e Contact: Jon Pollak

— User Support Specialist
— jpollak@cuahsi.org




New Development in Open Source
Code Repositories

WEBTSA — Time series data visualization
— https://github.com/UCHIC/WEBTSA
ODM Streaming Data Loader

— https://github.com/ODM2/0DM2StreamingDataloader
ODM Tools Python — Sensor Data Management

— https://github.com/UCHIC/ODMToolsPython

ODM2 Sensor — Sensor equipment management

— https://github.com/UCHIC/ODM?2Sensor

iIUTAH Utilities — Automated alerts, etc. o

— https://github.com/UCHIC/iUtahUftilities GItHUb
iIUTAH Data — Data Website

— https://github.com/UCHIC/iUTAHData




More Resources

WATER RESOURCES RESEARCH, VOL. 44, WO5406, doi:10.102972007WR006392, 2008

s
Ar‘\‘lkl:lle

A relational model for environment

1 and wa

ler resources data

Jeffery S. Horsburgh,' David G. Tarboton,' David R. Maidment, and Tlya Zaslavsky®
Received 30 Ty 2007 revis 24 Jamuary 2005 acecptd 13 Febmary 2005 pubihod § May 2005

[1] Environmental observations are fundamental to hydrology and water resources, and
the way these data are organized and manipulated either enables or inhibits the analyses
that can be performed. The Observations Data Model presented here provides a new and
consistent format for the storage and retrieval of point environmental observations in a
relational database designed to facilitate integrated analysis of large data sets collected by
multiple investigators. Within this data model, observations are stored with sufficient
ancillary mfamnan (metadata) about the observations to allow them to be

unambiguously

rpreted and to provide traccable heritage from raw measurements to

uesable informaton. The design is based upon a relational database model that exposes
each single observation as a record, taking advantage of the capability in relational
database systems for querying based upon data values and enabling cross-dimension data
retrcval and analysi. This papor proscas the design principics and featurs of the
Observations Data Model and illustrates how it can be used to enhance the organization,
pnbhcxnmx and analysis of point observations data whilk retaining a simple relational
format. The contribution of the data model to water resources is that it represents a new,
systematic way 1 organize and share data that overcomes many of the syntactic and

semantic differences between heterogeneous data

herchy faclliating an integrated

oderstming of vl resomoes based on mors cxicnsve and fally spocifid information.

Cltation: Horsburgh,J. 5., D. G. Tarboton, D. R. Maidment, and I Zaslavsky (2008), A relational madel for environmental and water
resources data, Water Resour: Res., 44, W05406, doi:10.10292007WR006392.

1. Introduction

[2] Environmental observations are fundamental to hy-
drology and water resources, and the manner in which the
data are collected, organized, and manipulated cither ena-
bles or inhibits their scientific analysis [Pokorny, 2006;
Tomasic and Simon, 1997]. When scientists and engineers
want to search for and use environmental observaions data,
they are generally faced with the following problems
[Tomasic and Simon, 1997]: (1) data are not sufficient or
do ot exist (2) data are not published and are hard to
locate; (3) data are not casy to access, they are either private
or expensive, or require costly preprocessing before they
can be used; (4) data are not easy to use because they are
inconsistent or noncompatible; and (5) dafa are not ade-
usely documeni, Addrsing teso isucs is ang of the
main challenges influencing recent developments in envi-
et ooraton systems, which include water resour-
ces and hydrologic information systems [Pokorn, 2006;
Bouganim ot i, 2001

[5] Even for daa sets that have been publishad for
‘widespread use, points three through five above stll apply.
Generally, data sets published on public Web sites are in

"Uuah Wakr Rescarch Laborabry, Ush St Univesity, Logan, Ush,
us)
“Contr for Rescarch in Water Resoures, Universy of Teas at Austi,
Augin Teum USA

San Dhcgo Supcrcomputer Cane, University of Clifornia, San Dicgo,
La Sl Calors, USA.

Copright 2008 by e A Genpysicl Union
597/ 4200 TWR006392509.

fiobasel systems that e iferet syuichaly (e, e
types, file_formats, and data siructure) and semantically
(e, variblo rames, uit,snd dscripive metdats) rom
to

users are faced with the tlnummg task of navigating through
directories and supporting fis to find all of the metadata
necessary for interpreting and using the data. There is a
fundamental nead within the hydrologic and environmental

ties for new, scientific methods to
that overcome the

‘o publish their observations s0 it they can iy be
accessed and inferpreted by others. This need is being
driven by the ever mac.hmb number of environmental
observations being produced as sensor technology
e, as the mumber, size, and complexity of environ-
mental monitoring programs grow (including efforts to
establish a national network of large-scale environmental
observatories), and as engincers and scientist realize that it
s as important to characierize.the environment with obser-
vations asit i to describe it with models and simulations. It
is cical tht the data, when published, be carchlly
‘with metadata so that they can be unambiguously

erprcd md ol
[4] In this paper we present a logical database design for
the Observations Data Model (ODM) that advances the
nfomsion scemce kuowledgo base of waker rsceres
e describe a relational model that eases access
o and maripulaion of Gme serics of observations fom
experimental sites and watersheds and facilitates data pub-

WOS406 Tof12
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Open source software for visualization and quality control @Cm“m
of continuous hydrologic and water quality sensor data

Jeffery S. Horsburgh **, Stephanie L. Reeder ”, Amber Spackman Jones ", Jacob Meline

UT81322.8200, 15
Utah Woter Research Laboratory. Uh Ste Unvers Lagan UT USA

Fr— [ e e e e
Fabond s woviene S Model (ODM), which is
B e e S e ey
Avalabi onl and describe point observations dzu In th P!ptr we describe ODM Tods Python, an open source
i e B e e iy e
- B T, e P o et
g s e ey

I e e s e it
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s cvsnasons
Quliy con

Software availability

Name of software: ODM Tools Python
Developers: Jeffery S. Horsburgh, Stephanie L Reeder, Amber
ckman Jones, acob Meline, and James Patton,

Sofwarerequired: Mikrosoft Windows, Mac OSX, o Linax
operating system
Software avaiability: Al source code, installers, example ODM
bases, and documentation for the ODM Tools Python
frware application can be accessed at hitps://github.co
m/UCHICIODMToolsPython.
Cost: Free. Software and source code are released under the New.
Berkeley Software

1. Introduction

Environmental monitoring with in situ environmental sensors

tate research using sensor data streams. Researchers and practi-

and management. In addition to addressing the challenges pre-

managers need practices to ensure high data qualty. including
standard procedures and software tools for data post processing
and quality control.

Dstiuton (85D) Liense, which

T Gorr ponig autbor Tel: +1.435 797 2046,
[ ———TT——

136431530 70 B Al ghs rved

paper
itingof comies i s e seis datesets and the -

ecture and functionality of an open source software tool called
GDM Tool Pythn that implements this worklo, ODM Tools
Python enables users to query and export, visualize, and edit time

Environ Monit Assess (2015) 187:348
'DOI 10.1007/510661-015-4554-3

A data management and publication workflow
for a large-scale, heterogeneous sensor network
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Abstract It is common for hydrology researchers to
collect data using in situ sensors at high frequencies,
for extended durations, and with spatial distributions
that produce data volumes requiring infrastructure for
data storage, management, and sharing. The availability
and utility of these data in addressing scientific ques-
tions related to water availability, water quz]ny and
natural disasters relies on effective cyberinfra
that facilitates transformation of raw sensor dalz into
usable data products. It also depends on the ability of
researchers to share and access the data in useable
formats. In this paper, we describe a data management
and publication workflow and software tools for re-
search groups and sites conducting long-term monitor-
ing using in situ sensors. Functionality includes the
ability to track monitoring equipment inventory and
events related to field maintenance. Linking this infor-
‘mation to the observational data is imperative in ensur-
ing the quality of sensor-based data products. We pres-
ent these tools in the context of a case study for the
innovative Urban Transitions and Aridregion
Hydrosustainability ((UTAH) sensor network. The
UTAH monitoring network includes sensors at aquatic

AS.Jones () 5. L. Reeder - M. Ramiez - J. Carsballo
Utsh Water Rescarch Lsboratory, Utsh Site University, 8200
Ol Main Hill, Logan, UT 84322:8200, USA

omail: amber jones@ust adu

1.5 Horsbus
Deputetof Civd s Envicama Engineeing 1 Ush
‘Water Research Laboratory, Uth State University, 8200 O1d

Main Hill, Logan, UT 84322.8200, USA

Published online: 13 May 2015

‘and terrestrial sites for continuous monitoring of com-
‘mon meteorological variables, snow accumulation and
melt, soil moisture, surface water flow, and surface
water quality. We present the overall workflow we have
developed for effectively transferring data from field
‘monitoring sites to ultimate end-users and describe the
software tools we have dq)loyad forsoring, managing,
and sharing the sensor data. These tools are all open
source and available for others to use.

Keywords Cyberinfrastructure - Sensor - Quality
control - Data management - Hydrology - Data models -
Observatory
Introduction

Advances in the development of in situ environmental
sensors have led to the ubiquitous use of sensors and

etal. 2004; Hart and Martinez 2006; Rundel et al. 2009).
Researchers and practitioners are collecting data with in
situ sensors at high frequencies, for extended durations,
and with spatial distributions that generate volumes of
data for which the deployment of cyberinfrastructure
(CD fordta mamsgement s recesary. Aol chal-
‘mulipl

mm collection sites, sensors, and personnel (Riiegg
et al. 2014). Consistency in data management across
these factors can facilitate data integration.

Cll integrates computing hardware, digitally enzbled
sensors, data observatories and experimental facilities,
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