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• USGS real-time streamflow

data acquisition
• USGS real-time ground-water 

level data acquisition and 
example applications 

• Future plans for USGS real-
time monitoring in Minnesota

• Summary and benefits-10
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What do we mean by What do we mean by 
“Real“Real--Time”?Time”?

• The data are measured every 15 
minutes to once per hour in the field 

• The data are uploaded and delivered 
to the Web every one to four hours



USGS RealUSGS Real--Time Time StreamflowStreamflow
Data AcquisitionData Acquisition

Snake River gage Snake River gage 
near near AlvaredoAlvaredo



USGS USGS 
RealReal--Time Time 
StreamStream--

flowflow Data Data 
Acquisition Acquisition 

NetworkNetwork

http://http://waterdata.usgswaterdata.usgs
.gov/nwis/rt.gov/nwis/rt

Data stored in USGS 
database



Minnesota Minnesota 
USGS USGS 

RealReal--Time Time 
StreamStream--

flowflow
NetworkNetwork

http://http://waterdata.usgswaterdata.usgs
.gov/mn/nwis/rt.gov/mn/nwis/rt

90 real90 real--time gaging time gaging 
stations in MNstations in MN



Vermillion Vermillion 
River near River near 

Empire, Empire, 
MN USGS MN USGS 

StationStation

http://http://waterdata.usgswaterdata.usgs
.gov/mn/nwis/rt.gov/mn/nwis/rt//

uv?05345000uv?05345000

Cooperative funding 
with MDNR



Full View Full View 
of Stage of Stage 

for for 
Vermillion Vermillion 
River near River near 

EmpireEmpire
Rainfall / runoff
event



RealReal--Time Time 
Stream Stream 
WaterWater--

Quality Data Quality Data 
Served to Served to 

WebWeb

Shingle Creek, at Shingle Creek, at 
Queen Ave. in Queen Ave. in 
Minneapolis Minneapolis 

exampleexample



Full view of Full view of 
Shingle Shingle 

Creek Graph Creek Graph 
of Specificof Specific

ConductanceConductance

Conductance varies Conductance varies 
inversely with inversely with 
stream flowstream flow

Rainfall / runoff
event



Example Stream Example Stream 
Gaging Site on Gaging Site on 

Mississippi River Mississippi River 
at St. Paulat St. Paul

Site gaged since 1867Site gaged since 1867

2001 flood2001 flood



Some Uses of USGS RealSome Uses of USGS Real--
Time Time StreamflowStreamflow DataData

• Water recreation activities
• Flood warning and forecasting
• Prediction of droughts
• Water-quality assessments
• Reservoir operation
• Discharge regulation
• Flood plain regulation
• Stream waste load determination
• Design of bridges and flood control structures
• Water supply development and management

Millions of hits per day on our web sites



USGS RealUSGS Real--Time GroundTime Ground--
Water Data AcquisitionWater Data Acquisition



USGS RealUSGS Real--Time Time GroundGround--Water Water 
Level Data AcquisitionLevel Data Acquisition

• Two USGS real-time networks 
- Climate response network (nationwide)
- Minn. real-time monitoring network (currently 
working with the MDNR and other agencies)

• All data served to Web
• Measurements made hourly
• Data other than water levels recorded  (e.g. –

precipitation)



Purposes of Climate Response Purposes of Climate Response 
NetworkNetwork

• Increase public awareness of changes in 
ground-water storage as related to the 
effects of droughts and other climate 
variability factors, and

• To provide water managers and the public 
with GW level data that can be utilized for 
a variety of planning activities



RealReal--Time Time 
GroundGround--

Water Level Water Level 
Climate Climate 

Response Response 
NetworkNetwork

http://http://groundwatergroundwater
watch.usgs.govwatch.usgs.gov

150 wells nationwide150 wells nationwide



Pennsylvania Pennsylvania 
Climate Climate 

Response Response 
NetworkNetwork

Jointly funded by Jointly funded by 
USGS and StateUSGS and State

agenciesagencies



Minnesota Minnesota 
Climate Climate 

Response Response 
“Network”“Network”

Funded entirely Funded entirely 
with USGS $$with USGS $$



Bemidji Bemidji 
RealReal--Time Time 
GroundGround--

Water Water 
Level Level 

StationStation



Graph of  Graph of  
Most Recent Most Recent 

RealReal--Time Time 
DataData

Fall recharge event



Table of  Table of  
Most Recent Most Recent 

RealReal--Time Time 
DataData



Bemidji 
Ground 
Water 

Climate 
Response 

Well

USGS Research Site near Bemidji



Purposes of Purposes of Minnesota RealMinnesota Real--Time Time 
GroundGround--Water Level NetworkWater Level Network

• To provide high-frequency data to the Web
• To provide water managers and the public with 

GW level data that can be utilized for a variety of 
planning activities, such as:

• To monitor the effects of natural processes (e.g. 
recharge, ET, GW/SW interaction) 

• To monitor aquifer stresses related to human 
activities (e.g. pumping, urbanization)

Real-time wells in other states



Minnesota Minnesota 
RealReal--Time Time 
GroundGround--

Water Level Water Level 
Monitoring Monitoring 

SitesSites

13 wells in network13 wells in network



Glacial Glacial 
Ridge Ridge 

Project Project 
Monitoring Monitoring 

SiteSite
well G15well G15



Full View of Full View of 
Glacial Glacial 
Ridge    Ridge    

Well G15 Well G15 
HydrographHydrograph

Recharge 
events



Radio Radio 
antennaantenna

Solar Solar 
panelpanel

Rain gageRain gage

Well and data Well and data 
loggerlogger

Example RealExample Real--
Time Ground Time Ground 

Water Water 
InstrumentationInstrumentation

Glacial Ridge study: Glacial Ridge study: 
Ten well transmitter Ten well transmitter 

stations within stations within 
10 miles of each 10 miles of each 

otherother



Real time Real time 
monitoring of monitoring of 

well with water well with water 
level above land level above land 

surfacesurface



Inside of data logger Inside of data logger 
sheltershelter

Data loggerData logger
Radio Radio 
transceivertransceiver
Voltage regulatorVoltage regulator

BatteryBattery

Desiccant Desiccant 
chamberchamber

for transducerfor transducer



Radio receiver Radio receiver 
towertower

USGS did not build 
this tower

Data from Data from 
all ten all ten 

stations stations 
transmitted transmitted 

to this to this 
receiver receiver 

towertower



Radio receiver equipment and modemRadio receiver equipment and modem

Telephone Telephone 
terminalterminal

Radio transceiverRadio transceiver

ModemModem

BatteryBattery

Voltage Voltage 
regulatorregulator

Surge Surge 
suppressorsuppressor



Why would anyone Why would anyone 
measure groundmeasure ground--water water 
levels continuously?levels continuously?

Why would they do it Why would they do it 
hourly?hourly?



One use of continuous One use of continuous 
groundground--water level water level 

measurements:measurements:

Accurate Accurate 
estimation of estimation of 

rechargerecharge



Ongoing USGS study estimating Ongoing USGS study estimating 
recharge throughout Minnesotarecharge throughout Minnesota

• Using multiple methods, including water-table 
fluctuations (WTF)

• Applied WTF method to 38 wells instrumented 
with data loggers



Recharge Recharge 
Based on Based on 

WaterWater--
Table Table 

FluctuaFluctua--
tionstions

Example graph from Delin (1990)

Event Recharge = (water-level rise) x (specific yield)
= 26.0 cm  x  0.23
= 5.98 cm

26.0 cm
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Effects of WaterEffects of Water--Level Level 
Measurement Frequency on Measurement Frequency on 

Recharge Recharge –– an examplean example

•• Agricultural chemical, farming systems         Agricultural chemical, farming systems         
effects on water quality site near Princeton, MNeffects on water quality site near Princeton, MN

•• Research by USGS, USDAResearch by USGS, USDA--ARS, ARS, UofMUofM Soils Soils 
Dept. (MSEA study)Dept. (MSEA study)

•• Sand plain with rapid recharge and high Sand plain with rapid recharge and high 
hydraulic conductivity hydraulic conductivity 

•• Data collected from 1992Data collected from 1992--9595
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No change No change 
in estimated in estimated 
recharge recharge 
going from going from 
hourly to hourly to 
daily daily 
measuremeasure

MSEA well R2 near Princeton, MN: 1994 dataMSEA well R2 near Princeton, MN: 1994 data

Recharge estimates based on WTF method (RISE program)

55--30 % under30 % under--
estimation of estimation of 
the recharge: the recharge: 
from daily to from daily to 
weekly weekly 
measurementmeasurement

W
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(- 23%)

2020--60 % under60 % under--
estimation of estimation of 
the recharge: the recharge: 
from daily to from daily to 
monthly monthly 
measurementmeasurement
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ly(- 48%)



AccurateAccurate Recharge Estimates Recharge Estimates 
are are CriticalCritical in Most Water in Most Water 
Resource InvestigationsResource Investigations

• GW flow simulations
• Aquifer vulnerability to contamination
• Chemical flux estimates and contaminant 

transport evaluations (e.g. – MSEA)
• Ground-water supply and water budget analyses
• Wellhead protection studies
• Well interference issues
• GW/SW interaction studies
• Etc., etc., etc.



Another use of Another use of 
continuous groundcontinuous ground--

water level water level 
measurements:measurements:

Monitoring the Monitoring the 
effects of pumpingeffects of pumping



Camp Ripley RealCamp Ripley Real--Time Time 
SiteSite

Pump off

Pump on

Pumping well Pumping well 
~400 feet away~400 feet away

Monthly 
water-level 

measurement 



Another use of Another use of 
continuous groundcontinuous ground--

water level water level 
measurements:measurements:
Evaluate the Evaluate the 

effects of effects of 
evapotranspirationevapotranspiration
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Well G15 Well G15 —— July & August 2003 July & August 2003 hourlyhourly
valuesvalues
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Prairie wetland near well Prairie wetland near well 
G15G15

Depth to water table: ~ 3 feet



Future Plans for USGS RealFuture Plans for USGS Real--Time Time 
Monitoring in MinnesotaMonitoring in Minnesota

• Expand USGS climate response network
• Work with cooperating agencies to monitor 

ground water of interest
• Add at least one new well to network for 

each new cooperative ground water study
• Selected sites may include soil moisture, 

soil temperature, and precipitation
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Summary & Benefits of Ground Summary & Benefits of Ground 
Water RealWater Real--Time Monitoring Time Monitoring 

• Accurately estimate recharge 
• Estimate evapotranspiration
• Effects of climate change
• Real-time serving of data to web; can be easily 

downloaded 
• More complete record than hand measurements
• Tend to look at data more frequently because it’s 

easily accessible on the web, which improves 
quality assurance



Benefits Benefits –– continuedcontinued
• Data loggers can be remotely 

reprogrammed 
• Costs are similar to conventional methods 

over the long run but quality and quantity 
of data are greatly increased 

• Monitoring of municipal pumping effects
• Monitoring of irrigation effects



RealReal--Time Web InformationTime Web Information

•• USGS RealUSGS Real--Time Stream Flow web site: Time Stream Flow web site: 
http://waterdata.usgs.gov/usa/nwis/rthttp://waterdata.usgs.gov/usa/nwis/rt

•• Minnesota RealMinnesota Real--Time GroundTime Ground--Water Data web site: Water Data web site: 
http://waterdata.usgs.gov/mn/nwis/gwhttp://waterdata.usgs.gov/mn/nwis/gw

•• USGS RealUSGS Real--Time Climate Response web site: Time Climate Response web site: 
http://http://groundwaterwatch.usgs.govgroundwaterwatch.usgs.gov

Questions?Questions? USGS Fact sheets


