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innovative Urban Transitions and

Aridregion Hydro-sustainability (iUTAH)

m Statewide effort 1UTAH Preserving Utah's Water Resources

innovative Urban Transitions and Aridregion Hydro-sustainability

. $ 2 O m i I I i o n C o m p et i t i ve a wa r d About iUTAH Research Focus Areas Education & Outreach Data & Modeling Resources
from NSF EPSCoR
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resources and project activities
available to support the involvement

= Interdisciplinary and multi- of sttt machorsand
institution

= Focused on sustainable
management of Utah’s water
resources
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Gradients Along Mountain to Urban

Transitions (GAMUT) Network

2500+ m B Sensor network

developed between
USU/UofU/BYU

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

" Measure aspects of
water inputs and
outputs and water
quality over
gradient

= Deployed in three

O Fundamental aquatic sensors, in situ watersheds

: Fundamental terrestrial sensors
@ Fundamental aquatic sensors, relocatable A :

A Urban tower and sensors

O Enhanced aquatic sensors, in situ




Gradients Along Mountain to Urban

Transitions (GAMUT) Network

= 3 watersheds have similar
water source (high elevation
- snow) but different land use
~ Basin transitions

= Logan River: irrigated
agriculture transitioning to

moderate density urban at
moderate pace

= Red Butte Creek: highly
urbanized

Logan River |

Red Butte
Creek

Utah Lake-

el = Provo River: irrigated
e agriculture transitioning to low
density urban at rapid pace

IDAHO/ | \\vomiNG

& SNIVINNOW HMNINDO
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Gradients Along Mountain to Urban

Transitions (GAMUT) Network

Table 1. Parameters to be measured by the iIUTAH Climate and Ecohydrology Sensor Network.

Fundamental Suite Enhanced/Urban Suite
Terrestrial Sensors Barometric pressure Barometric pressure
Wind speed and direction Wind speed and direction
Air temperature Air temperature
Relative humidity Relative humidity
Precipitation Precipitation
Snow depth Snow depth
Soil temperature, moisture, Soil temperature, moisture,
conductivity conductivity
Solar radiation (net radiation and Solar radiation (net radiation and
PAR) PAR)
Aquatic Sensors Stream stage Stream stage
Temperature Temperature
Electrical Conductivity Electrical Conductivity
pH pH
Dissolved oxygen Dissolved oxygen
Turbidity Turbidity

Total algae (chlorophyll a +
phycocyanin)

fDOM

Nitrate




Cyberinfrastructure

Tier 3: Data Storage, Processing, and Analysis

Data Storage -, Data QA/QC Estimation of Discharge and
* Data Loading § S ] RawDats Concentration from Surrogates

* Data Manipulation ‘ 7 \'Twrﬂ’/ 4 l:
* Data Publication el Bl | |- e
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Total Phosphorus(mg L)

/ Tier 1: Sensors and Monitoring\ / Tier 2: Communication \
Base Station
Sensor Nodes Periodic Monitoring Computer
* Stream gauging * Water quality Telemetry
* Surrogate sampling Network
observations * Discharge
measurements I I

I * Monitor Sensor
Node Status
* Retrieve Day
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.




Challenges to Managing Sensor Data

= Volume of data
waer

g

= Data heterogeneity i

= Multiple watersheds

.....

® Multiple institutions |
= Scale Wi

{ —
o St | SEll

®= Synchronize timing,
data access,
equipment tracking

® Standardize data
editing

Groundwater




Loading and Storage
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Data Loading and Storage

Observations Data
Model (ODM):
relational database
at the single
observation level

Metadata for
uhambiguous
interpretation

Traceable heritage
from raw
measurements to
usable information

Promote syntactic
and semantic
consistency

Cross dimension
retrieval and
analysis

Monitoring Site Locations
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Data Access and Publication

® Publish data and register with CUAHSI HIS
= Discoverable and available nationally
= Published data citable
= Data Accessed via
= Web services
= jUTAH Modeling and Data Federation (data.iutahepscor.org)
= Direct database connection: using ODM Tools and/or preferred software

$Load the required libraries

. ‘

1library (RODBC)
IR R Graphics: Device 2 (ACTIVE) (E=1 HER =

#Specify the database connection information
File History Resize

database <-
userID <- "

40pen a channel to the database using odbcConnect
£

dhannel <- odbcConnect (database, userID)

#Ger QC Level 1 stage data for all sites

. I

MenPT = sglQuery(channel, paste(’
WellPT = sglQuery({channel, pas
ConPT = sqlQuery(channel, past
LsfPT = sqlQuery(channel, past
Us£PT = sglQuery(channel, pasce("
ParH = sqlQuery(channel, paste("3

MenPT$PT

MenPT$DATE <- as.POSIXct (MenPT$DATE, tz

5 WellPT$DATE <- as.POSIXct (HellPT$DATE,

26 COnPT§DATE <- as.POSIXcT (ConPT$DAIE, Tz
7 LsfETSDATE <- as.POSIXct (LsfPTSDATE, vz

Us£PTSDATE <- as.POSIXct (UsEPT$DATE, tz
ParH$DATE <- as.POSINct(ParHSDATE, tz="

Jan Mar May Jul Sep Nov Jan

4Compare Wellsville and Mendon, adjust dates as desired

plot (MenPT$DATE, MenPT$PT, col = "blus”, type = "0, xlim = a3.POSIXct(c("2011-01-017,72012-01-01")), ylim = c(0,6})
points (WellPTSDATE, WellPT$ET, o type = "o")




Data Visualization and Management

iIUTAH Modeling and Data
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Data Visualization and Management
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vy

Fie | Plot | Edit | View

Plot Options

Y i =
0w . o
Time Probablty Histogram Box/Whisker Summary
Series

Plot

50

Bins

Color Show #Hist Box Whisker
Typer Sefting Legend

Type~

Plot Display
Options

Date Time
2/16/2008  [E~ @ LY
Refresh Full Date
5/ 1/2008

Range

Multiple
Plot Types

Turbidity(nephelometric turbidity units)

Date Range
Restrictions

20

15

10

e height{international foot)
emperature(degree celcius)

!

Sep 2005

n n n n n . n n n n 0
Dec 2005 Mar 2006 Jun 2006 Sep 2006 Dec 2006 Mar 2007 Jun 2007 Sep 2007 Dec 2007 Mar 2008D

-5

Dynamic

Zooming and

Little Bear River at Mendon Road near Mendon, Utah Little Bear River at Mendon Road near Mendon, Utah
Turbidity Temperature
Little Bear River at Mendon Road near Mendon, Utah
Gage height
Time Series A
x
Selection Simple Fitter ") Advanced Fitrer
D SiteCode SiteMame Variabl... VariableCode VariableName Spedation Variable, . VariableUnitsMame SampleMedium
USU-LBR-Mendon Little Bear River at Me... 10 usuio Temperature Mot Applicable o6 degree celcus Surface Water -
USU-LBR-Mendon Little Bear River at Me... 11 usu1t Gage height Mot Applicable 48 international foot Surface Water
USU-LBR-Mendon Little Bear River at Me... 12 usu1z Gage height Mot Applicable 48 international foot Surface Water
BR-Mendon Little Bear River at Me... 13 usuiz Gage height Mot Applicable 48 international foot Surface Water
[
M 12 1 USU-LBR-Mendon Little Bear River at Me... 33 usu3s Oxygen, dissolved per... Mot Applicable 1 percent Surface Water
[ 13 1 USU-LBR-Mendon Little Bear River at Me... 34 Usu34 Specific conductance,... Mot Applicable 192 microsiemens per cen... Surface Water
[ 14 1 USU-LBR-Mendon Little Bear River at Me... 35 suz3s pH, unfittered Mot Applicable 137 dimensionless Surface Water -
< LI L

Pannin




Data Visualization and Management

DM Tools

File | Plot | Edit = View

Plots. Date Time
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B al d ] | 50 e O F) G
Time Probablity Histogram Box/Whisker Summary | Plot  Show #Hist Box Whisker Refresh Full Date
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height
5 File | Plot | Edit | View
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= = r
g 4 - B 1| 4 il | | 50 d 62008 @ 0) Ly
b Time  Probabity Histogram Box/Whisker Summary | Plot  Show #Hist Box Whisker Refresh Full Date
2 3 [ | L Series Typew Legend Bins  Type- 5/ 1/2008 [~ Range
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Series Selector 02
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i o
Me 1 USU-LBR-Hendon - il o { | 2162008 @+ ) L Cew 0 XHew
0 7 1 USU-LBR-Mendon Time Probablity Histogram BoxAWhisker Summary | Plot  Show #Hist Box Whisker Refresh Full Date
Series Typew Legend Bins  Typew 5/ 1/2008 [~ Range Series Selector
@ |2 1 USU-LBR-Mendon Little Bear River at Mendon Road near Mendon, Utah Gage @ Al ) Simple Fitter () Advanced Fitter
[ 10 1 USU-LBR-Mendon s height SeriesID SiteID  SiteCode SiteMame Variabl... VariableCode VariableName Spedation Variabl
E i 1 “S“'LER'Me”fD" 0 1 USU-LBR-Mendon Little Bear River 3t Me... 7 usu7 Turbidity Not Applicable 21
Ll i, 4.0 LA E s 1 USU-LBR-Mendon Little Bear River at Me... 8 usus Turbidity Not Applicable 221
] Oe 1 USU-LBR-Mendon Little Bear River at Me... 9 usua Turbidity Not Applicable 221
2 3.5 | 7 1 USU-LBR-Mendon Little Bear River at Me... 10 usuio Temperature Not Applicable 96
r_:u 3.0
E [=RE] 1 USU-LBR-Mendon Little Bear River at Me... 12 usu12 Gage height Mot Applicable 48
g 25 [ 10 1 USU-LBR-Mendon Little Bear River at Me... 13 usu13 Gage height Not Applicable 48
3 [ 11 1 USU-LBR-Mendon Little Bear River at Me... 32 usus2 Oxygen, dissolved Not Applicable 199
ELq [ RPN et i T T TP S P EIF Aemrmnn dirmnbind mme bk Ammbmiie B
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o
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Cew O M e w
Series Selector x
@ Al () Simple Fiter (©) Advanced Filter
SeriesID SitelD  SiteCode SiteName Variabl... VarizbleCode variableName Speciation Variable.. VariableUnitsName SampleMedium
F 4 1 USU-LBR-Mendon Little Bear River at Me... 7 usu7 Turbidity Hot Applicable 221 nephelometric turbidi... Surface Water +
F s 1 USU-LBR-Mendon Little Bear River at Me... 8 usus Turbidity Hot Applicable 221 nephelometric turbi Surface Water |
(=R 1 USU-LBR-Mendon Little Bear River at Me... 9 usug Turbidity Mot Applicable 221 nephelometric turbidi... Surface Water
= 7 1 USU-LBR-Mendon Little Bear River at Me... 10 usuin Temperature Not Applicable 96 degree celcius Surface Water




Data Visualization and Management

Build Query

I—l QDM Tools L
File | Plot | Edit | View
Date Time
- — : O i = =B &
E ] W ) o e e o Te = Ly B
Time Probablity Hiztogram Box/\Whisker Summary Plot  Show #Hist Box Whisker Refresh Full Date
I Ivpezial evend s Fins s TRE- S L2008 @8- Range Field Mames: Unique Values
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Gage height —— - Little Bear
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: B

Minimum: Little

Filters on Data | b g [nd ] [or] [ et ] Masimum: | i

H 1 1 o 1 I 10 I - .
Se ries 06 Apr2006 Jul2006 OCt2006 Jan 2007 Apr2007 Jul 2007 SELECT * FROM [Attributes] WHERE
Date Time [SiteMame] = ‘Little Bear 11°

C &9 w

Series Selector

@ All ) Simple Fiter (@) Advanced Filter F

SeriesID SitelD  SiteCode SiteMame Variabl... VariableCode VariableMame Speciation

0 4 1 USU-LBR-Mendaon Little Bear River at Me... 7 usu7 Turbidity Mot Applicable

B |5 1 USU-LBR-Mendon Little Bear River at Me... & usus Turbidity Mot Applicable L y
|| B 6 1 USU-LBR-Mendon Little Bear River at Me... 9 usug Turbidity Mot Applicable 221 nephelometric turbidl... Surface VWater

B 7 1 USU-LBR-Mendon Little Bear River at Me... 10 usuio Temperature Mot Applicable 96 degree celcius Surface Water

[=

E 9 1 USU-LBR-Mendon Little Bear Rive Plot Gage height Mot Applicable 48 international foot Surface Water

] 10 1 USU-LBR-Mendon Little Bear Rive Edit Gage height Mot Applicable 48 international foot Surface Water

- | i i -
SRR - B — R e e
< L Export MetaData %

Export Data Series




Sensor Data Quality Control

USU-LBR-Paradise - Little Bear Rivwmlow near Paradise, Utah E USU-LBR-SFLower - South Fork Little Bear River below Davenport Creek near Avon, Utah
12 . ‘ é 430 T . ; ; :
] - 420 | .
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o = 3 . . .
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& 1 £ a3g0 T ]
© 8 . © ]
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Sensor Data Quality Control

Fie | Piot | Edit | View

Data Editing
Tools

Python Code
Console

Main

VH OB v/ X PORG

Edit Derive New Restore Save Fiter Change Interpolate Flag Add Delete Record

Series  Series - Points  Value Point  Point
Python Console
Little Bear River at Paradise, Utah Gage height >
1‘:,| ) T ) ) T T ) T >»> from odmservices.edit service import EditService B
>>» series = EditService(seriles_id= 171,
e connection_string =
H "mEsglH dbc://0DM: odm@ (local) /LittleBearll™)
ynamlc ata M i >>> series.filter_wvalue (2, '>")
>3
- - - bed
Ed Itl n D IS Ia >»> series.get_active points ()
[(2766974, 9.04, datetime.datetime (2008, 3, 2, 11, 30})), {
i 2766975, 9.04, datetime.datetime (2008, 3, 2, 11, 45)), (2766376
= , 9.04, datetime.datetime (2008, 3, 2, 12, 0)), (2766977, 95.04,
£ datetime.datetime (2008, 3, 2, 12, 15)), (2766978, 9.04,
b datetime.datecime (2008, 3, 2, 12, 30)), (2766373, 9.04,
£ datetime.datetime (2008, 3, 2, 12, 45)), (2766980, 9.04,
g 4t 1 datetime.datecime (2008, 3, 2, 13, 0)), (2766981, 9.04, datetime
-_g .datetime (2008, 3, 2, 13, 15)), (27669582, 9.05, datetime.
£z datetime (2008, 3, 2, 13, 30)), (2766983, 2.06, datetime.
g datetime (2008, 3, 2, 13, 45)), (2766984, 9.06, datetime.
= datetime (2008, 3, 2, 14, 0)), (2766985, 9.08, datetime.datetime
v ef R (2008, 3, 2, 14, 15)), (2766986, 9.09, datecime.datecime (2008,
8 3, 2, 14, 30)), (2766887, 9.1, datetime.datetime (2008, 3, 2, 14
, 45)), (2766288, 9.1, datetime.datetime (2008, 3, 2, 15, O0)), |
2766989, 9.1, datetime.datetime (2008, 3, 2, 15, 15)), (2766980,
9.1, datetime.datetime (2008, 3, 2, 15, 30)), (2766891, 2.1,
5r T datetime.datetime (2008, 3, 2, 15, 45)), (2766%%2, 39.09, ]
Editing: Scripte Test.py o
a . " " . . " " . "
Dec 22 2007 Jan 05 2008 Jan 19 2008 Feb 02 2008 Feb 16 2008 Mar 01 2008 Mar 15 2008 Mar 29 2008 Apr 12 2008 Execute ][ Execute Selection ][ Execute Line
Date Time 1 from odmservices.edit service import EditService
z Clseries = EditService(series id= 171,
¢ & B @ @ H ] Q 3 b connection string = "mssgl+pyodbc://CDM:odmé (local) /Lit
4 series.filter value(s, '>')
Series Selector X 5
@ Al () Simole Filter () Advanced Fitter
SeriesID  SitelD SiteCode SiteMame Variabl... VariableCode VariableMame Spediation Variable.. VariableUnitsName SampleM
[ 165 11 USU-LBR-Confluence Little Bear River below... 36 Usu36 Temperature Mot Applicable 96 degree celcius Surfa =
[ 166 11 USU-LBR-Confluence Little Bear River below... 39 usu3g Phosphorus, totalasP P 199 miligrams per liter Surfa
[ 167 11 USU-LBR-Confluence Little Bear River below... 40 usu4o Phosphorus, totalas... P 199 milligrams per liter Surfa
[ 168 11 USU-LBR-Confluence Little Bear River below... 41 Usu41 Solids, total Suspended Not Applicable 199 milligrams per liter Surfa P th O n Scri t
[ 169 12 10105900 Little Bear River at Pa... 42 usu42 Gage height Mot Applicable 48 international foot Surfa y p
] 170 12 10105900 Little Bear River at Pa... 43 usu43 Discharge Not Applicable 35 cubic feet per second  Surfa .
= 3 Editor
< n | + < | n




Equipment Management
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FX4 | EquipmentvendoriD
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| SeeVisRIO FieldActnyNotes - ™
5t visits, factory
o H n n
== servicings, etc.
SteCode | Desloyments DataseriessensorDegioyments
StoNsme =
tstude |7 _|Cxsloment®
LatlongDatum Sae\NatPeople DeploymentTypeCV 1 | fquipmentiD X2 | DataSeriesiD .
levaton % | Teom S ';'.:"’.;""“"""“ d X1 | DepolymentMeasuredVariabielD
sinaon [ = FK3. | FiedsActivityiD ¥
reans K2 | SiteViiRID Ovfintion DeploymentBeginDate MeasoredVariableValueOtset T
:::WO)K(-CI\ FK1 | Personi DeploymentindDate RO RM VK H ™
bietiotes :
o ; e | where streamin
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Equipment Details | view full equipment details

Edit Description Equipment Description

Equipment ID: 99999999999

Serial Number: 9999999999

Model Name: DTS-12

Description: Forest Technology Systems DTS-12 Digital Turbidity Sensor
Purchase Date: 1/20/2013

Notes: Measures water turbidity and water temperature.

Link: http://www.ftsenvironmental.com/products/sensors/dts12/
Owner Institution: Utah State University

Owner Contact: Michelle Baker

Owner Address: 5305 Old Main Hill, Logan, UT 84322-5305
Owner Phone: 1.435.797.7131

Email: michelle.baker@usu.edu

Manufacturer Vendor

Vendor Name: Forest Technology Systems Vendor Name: Forest Technology Systems

Contact Name: Someguy Thatworksthere Contact Name: Someguy Thatworksthere

Address: 1123 Fir Avenue, Suite C., Blaine, WA, Address: 1123 Fir Avenue, Suite C., Blaine, WA, 98230
98230Phone: 1.800.548.4264 Phone: 1.800.548.4264

Email: sales@ftshydrology.com Email: sales@ftshydrology.com

Web Address: http://www.ftsenvironmental.com/ Web Address: http://www.ftsenvironmental.com/

View Deployment History View Factory Service History View Calibration History

Copyright © 2013 iUTAH
This material is based upon work supported by the National Science Foundation (NSF) under Grant No. XXXXXXXX.
Any opinions, findings, conclusions, or recommendations expressed in this material are those of the authors and do not necessarily reflect the views of the NSF.
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Site Visit Details | view full site visit details

Edit Description View Full Site Visit History for this Site

Site Visit Location

Site Code: USU-LR-UWRL

Site Name: Logan River at the Utah Water Research Laboratory
Latitude: 43

Longitude: -111

Elevation: 4355 m

Site Visit Description

Crew: Jeff Horsburgh, Amber Jones

Begin Date Time: 2/22/2013 1:00 PM MST

End Date Time: 2/22/2013 2:00 PM MST

Environmental Observations: The weather was sunny. The river was low.
Water was clear.

Site Visit Notes: None.

Field Activities Performed (click the activity type to view details)

Activity Type Begin Date/Time End Date/Time Description m

Calibration 2/22/2013 1:00 PM MST 2/22/2013 1:10 PM MST Sensor Calibration None
Deployment 2/22/2013 1:30 PM MST 2/22/2013 2:00 PM MST Sensor Deployment None

Copyright © 2013 iUTAH
This material is based upon work supported by the National Science Foundation (NSF) under Grant No. XXXXXXXX.
Any opinions, findings, conclusions, or recommendations expressed in this material are those of the authors and do not necessarily reflect the views of the NSF.
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