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USGS serves the Nation by previding reliable tunkiased selentifichaiornaien tek

" describe and understand the Earth;

" minimize less ofi life andl property: ifeom: naturalfdisasters;

" manage its water, biological, eneray;, and mineral reseurces; and
" enhance and protect the quality. e life.

USGS Mission areas include Climate and Land Use Change, Core SCIEnce Systems,
Ecosystems, Energy, Minerals, and Envirenmentalr Health;, NatuialtHazards, SCIentiic
Quality and Integrity, and Water. Missions: are accomplished by collecting), stermng,
interpreting, and distributing our Infermatien; ter the pulklic and resource-
management agencies. hitp://WWWw.Usas.goeV/staiit With SCIERCE).

Funded through National programs (Natienal Streamflow: Infermation Program),
NAWQA, and the Cooperative Water program with State and Local agencies.....

ThIS approach requires USGS to work on relevant envwonmental [SSuUes..



http://www.usgs.gov/start_with_science/
http://www.usgs.gov/start_with_science/
http://www.usgs.gov/start_with_science/

Outllne

Se What and Wihe: cares:?
" Histerical perspective
" Worldwide perspective
" Vision for RTWQ
" Today --WaterQualityWateh, NRIWQ, and suregates
" Networks- a Mississippil River example

" Needs and Tomorrow

aUSGS



Goals:

" \Whet your appetite for the antastic colliection
of presentations thie next 2 days

" Present an overview: and vision e continuous
monitering, seme history, teels, and NEWerks

" Spur discussions

Help EACH ofi US 10

And...

Make a Differencel
2~ USGS



W meniter Water g el CoRuinbieu sy

= Time-dense Informatien InmproVves eurr understanding

of hydrelogy and water qualitysand caneac tormore
effiective reseurce management

" Provides warning for water supply: and recreauien
" Captures seasonal, diel, and event-drven fllctuatiens

" Improves concentration and loaadl estimates with
defined uncertainty (8,760 hourly values per year)

" Optimizes the collection of' samples

aUSGS



SO \WIH AN 2RENVIS ONSARIESY.

Continuous Instantaneous realEtime
water-quality: data MEENTS OUR
INFORMATION NEEDS for time:

dense information that are used to

Improeve the guality: of humanliie and

the envirenment



WerallFMUSHF colialoratertio:

5 Nove this InnoVvative sclence toel iernward

" GET MORE SITES, consisteni approaches
and netwoerks implemented teranswer the
needs of seciety and the envirennent

5 |f we can think of “It”, we can do “It"—let’s
define “1t” and Just Do It!

" Collaborators include the public, Industry,
manufacturers, researchers, academia,
governments, ...............

aUSGS



Seme \Waters@uahiyA=steiceal
Perspective...........

Water-gquality: data are ebtained with
almost the same precesses;used
more than 50-100/years ago....

- Miésissippi River below Birds Point Beach— photo by Bob
EUSGS Holmes May 2011



Obtainmg WaterE@ualliADaiel

Objective s te collect a samplerthai fEpPresSenits
the entire stream at a poeipt Irtime

* A water sample Is collected firem a stream and
placed/collected inia boitle

* The sample Is preserved
* The sample Is transpoeried tora llakeratery.
* The sample is analyzed

* AND we continue te wait for analysis (and wail,
and wait, ....... )

aUSGS



Sampline MEMEES
1. Equal’ Discharge Increment (EDI)
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Figure 37, Equal-width=ncrammnt wertical transit rate relative o vulurre, wiich B prgonion i
water discharge at each vertical. s " ‘=P

-
ﬁUSGS Edwards and Glysson, 1998  http://water.usgs.gov/owq/FieldManual/



ﬁqm Floure 6 - Distibution of sand (coarser than 0.062mm) In CrOSS section 1

B Omg/latsurace G40 770 630 880 - 660 350
b k j..mumn in verlical 1220 1350 11':]0 1600 1420 119{]

o -1zmecs  Silt/clay— relatively equally distributed—
V=4
alusgs | - in™ SANDS are NOT!




The nistercal improVementsSHnTciean

sampling technigues; ProCESSINES 2ie
lalberatery analy/sisrareNenyaimpoiheni:
Pbut there 1s still-senethingeg missing

To answer the guestions We face
today, we must guantimy, the
temporal variability of water
guality



History e USES coniimueusShvalers
guality, meRIteiing I KaRsSEs

m- Streamilow- more than 100 years

" Continuous estimated SC (Ohm=-1827 VIR)=
Stabler (1911)—Daily: samples—time-weightead
composites withr streamiilow

" Continuous SC In Kansas- 1958}, Albert

" YSI- Clark cell disselved oxygen- 1963

" Hydrolab, 1968

B USGS monitors in 1970's at NASQAN sites

= Continuous real-time water gquality i Kansas
since 1998

" | arge increase in the number of “gizmos* In last
10 years

aUSGS



IVPES Off continueluSAVaLEr=
guality: SENSOrs/MenIteNSs

* Electrametric
* Gage height, temperature; pH;, DO, SC

* Electramagnetic spectrum-—oepiical;
acoustics

o Streamflow, turbidity, chlerephyil; niiaie; DO

* |n-situ analyzers (bench chemistries)
* Nitrate, silicate, phosphorus, chleride, ....

* |Labs in field at gage house
* GC/MS- ORSANCO, Greenspan, ete...

aUSGS






“?1'SC is related to chloride, hardness, and sulfate
1400 |— Gila River at Gylas, -
« Arizona, 1943-44
& Chloride
: Hardness -
E BOO [ . : “"k,t —
E. 600 — " Aua -
: T
g owof ,[ .7 Sulfate
8 — .
200 = ' —
o “._,_..::;-"""'ﬂ
) T 1 | | | | 4 r | | }
o 1 E0EH 2000 3000 A0 5000 GO0

SPECIFIC CONDUCTANCE. IN MICROMHOS PER CENTIMETER AT 25 DEGHEES CELSIUS

o USGS From Hem, 1985, Study and interpretation of the chemical characteristics: of naturaliwater;



1400
" P T use of frequency distribution curves to evaluate water quality
3 130 4, and compare basins
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s o
S 2
& 1100 — | s% -
2 o %
= 10— 6/0 6 —_
[ 4
i - -
E 700 {— —
i
g 7
"
2 500 }— —_—
E Example
i The specific conductance af the Manon-
g 400 — gahela River ot Charlercd may be sxpecied ]
ot 1o exceed 200 micromhos for 90 percent
§ 300 b— ol the tima _—
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o 00— .
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PERCENTAGE OF TiME THAT SPECIFIC COMDUCTANCE EQUALED OR EXCEEDED THAT SHOWN

Figure 24. Cumulative frequency of conductance, Allegheny, Monongahela, and Ohio River waters, Pittsburgh area,
Pennsylvania, 1944-50, (From Hem, 1985, Study and interpretation of the chemical characteristics of natural water)



“New” tools are available-

In=Stream: CoRtmueUSeRIterSE::

UL/ SEnso);

{ e pE
s VVaterr Ffemperature
» [DISSEIVEea Oxyaen

- SPECIic Conductance

> furEeIdity
s ORP
; |2 Ellerescence
%a “, o o OVAplfifeli e @ BLG))Y|

Turbidity used as early as 1940s (JTU for sediment). Walling

used in 1974 similar to today’s instruments. Dave

Schoellhamer in USGS among first to develop sediment
%USGS concentrations using OBS— late 1980s in SF Bay



BEWARE=—noeiall gizmesiield
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aUSGS

=

Little Arkansas River near HWY50
YSI 6026 (old) vs 6136 (new)

0 100 200 300 400 500 600 700 800 800 1000

Turbidity reading from fixed, in-stream sensor, in formazin nephleometric units
(YSI model 6026 sensor)

Must understand how and what a
gizmo measures and reports



eday--\Waerdwide==leiSieirsiiesiaedden

" | ots off similanity’ eff Senser measuremenis

m Stage, Q, wave height, Tremp;, sc, pHi; DO tufenaiby,
fluorescence, some nitrate, canfon, iew: others

" Display ofi values measured last SO (el soe)
days. Seme access to “eld* continuous; data

" Wide variability in complexity: o display ana
user ability to select infermation

= Surrogates?

aUSGS
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and forest in Europe
Forests offer much more than Sunday walks, clean air and wat...

Everything about fresh water in Europe
Clean fresh water is essential to life. Unfortunately, almos...

Marine biodiversity: life in seas under threat

Chmate change, pollution, acdification, over-exploitation ...

Better d agric ing could enhance
biodiversity protection

Continuous change in agricultural land use directly affects ...

Summer ozone: record low concentrations in 2009
Ozone levels in Europe during summer 2009 were among the low...

EEA set to improve data flows for GMES
The Furnoran Favimoment Anency (EEAY has ctartad coardinati

http://eyeonearth.cloudapp:net/



Depley=lEelane
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Home

Welcome to DEPLOY

Smart Catchment Demonstration -
Sensor Monitoring System (DEPLQ

DEPLOY is a technology demonstration pro
the art technology can be implemented for
monitoring of a river catchment. The DEPL
building block in the realisation of a wide a
capable of monitoring the spatial and temg
quality and environmental target paramete

The interpretation and
analysis is an important
part of the development
and validation of a sensor
monitoring system and the
data collected will allow the
relevant agencies to
monitor and respond

DEPLOY Stations
m]ﬂrou are not registered

and/or not logged-in then access is
restricted to data more than two
days old and less than one month
old.

The Lee Maltings

Registered users also get access to
alert management and some other
functionality.

This station is implemented as a
pumped solution where a pump is
located on the quay side above high
water.

Instruments
Pump \

|
|
\_Intake Pipe

‘Water is pumped to a sampling
tank at fixed intervals. The

Parameters

Depth{m)

Scale Events Reset

———
31/05/2010 01/06/2010 02/06/2010 03/06/2010 04/08/2010

3 Register
05 July 2010

U Login

-

De DO Tem,
ate/Tme Gott B0 L O™
04/06/10
13:00 19.47
12:49 ' ' | 19.43
12:39 ' ' | 194
12:29 ' ' | 19.3
12:19 ' | 193
12:09 ' ' | 193
11:59 ' ' | 19.35
11:49 ' ' | 1937
11:39 ' | 1937
11:29 ' ' | 1939
1119 ' ' | 1941
11:09 ' ' | 19.43
10:59 ' | 1998
10:49 ' ' | 19.47
10:33 ' ' | 19.51

Page 49 of 42




CanadiantNatienziNVieniteineNN oI

National Automated Water Quality
Monitoring Network, June 2009

= Goal—Bringltegether existing .
automated sites, implement new A
sites and expand with interested g
partners

" Maximizing Integration withrthe
hydremetric network

" Benefits:

" Demonstrate technology, cost
effective, primary water guality.

: ) http://www.env.gov.nl.ca/env/Env/waterres/\WQMA/
screening, early warning, RTWQM_Workshop_2009/Agenda_2009.asp

background and trend data and
provide real-time information to
public and more rapid
Intervention

Towards a National Automated Real-Time Water Quality Monitoring Network -
Genevieve Tardif (Environment Canada)
Real-Time Water Quality Monitoring Workshop 2009, St. John’s, NL

aUSGS



Newroundiand-Canrador ancr ERaSern

Environment and Conservation

Government of Newfoundland and Labrador - Canada

Newfblﬁ%dland

Labrador

Newfoundland and Labrador Real-time Water Quality Monitoring Stations

Due to the volume and frequent updating of the data available on this Web site the streamflow
and water quality data is PROVISIONAL and has not undergone quality control checks. These

data may be subject to significant change.

Networks

Partners

Station Name

Installation Date

Industry
Partners
Network

Vale Inco Newfoundland and
Labrador (Voisey’s Bay,
Labrador) and NL WRMD

NFO3NEQ009 - Reid Brook

at Outlet of Reid Pond

July 2003

NFO3NE0010 - Camp Pond

Brook below Camp Pond

July 2003

NFO3NEQ011 - Lower Reid

Brook below Tributary

July 2003

NFO3NE0012 - Tributary to

Reid Brook

July 2006

NFO3NEQQOS - Voisey's
Bay - Well After Tailings

Dam

July 2006 — currently
not installed due to
location conditions

Vale Inco Newfoundland and
Labrador (Long Harbour,
Newfoundland) and NL
WRMD

NF027K0023 -Rattling

Brook below Bridge

December 2006

02ZK007 - Rattling Brook

Big Pond

December 2006

NE027K0025 - Rattling

Brook below Plant
Discharge New!

October 2009

Duck Pond Operations, Teck
Cominco Limited (Central
Newfoundland) and NL
WRMD

NF02Y00190 - Tributary to

Gills Pond Brook

May 2006

NF02YQ0192 - East Pond

Brook

August 2006

http://www.env.gov.nl.ca/wrmd/RTWQ/RTWQ.asp

Home

Fraser River Water
Quality Buoy
Overview

About the Project
Buoy Location

Buoy Instrumentation
Protocols

Data Online

Online Resources
Publications

Photo Gallery

FAQ

BRITISH
COLUMBIA

Env |rvr'n|=r'l

Fraser River Water Quality Buoy . sz

Federal-Provincial Automated Monitoring Station

For more information on the location of the buoy dide hers

Environment Canada, in partnership with the BC Ministry
of Environment, has deployed a new water quality
manitoring and surveillance buoy in the Main Arm of the
Fraser River. The buoy has a variety of instrumentation
that will collect water quality, water quantity and
meteorological information.

The data and information collected are transmitted via
cellular telemetry and will be available to the public in
real-time on this website. The data can also be viewed
on your cellphone, Blackberry or other Intermet-enabled
mobile device at

http:/fwww waterquality.ec_gc.calwaterqualityweb/rtwg.aspx

Steveston
T Days Tidal Prediction
Time Zone: PST

MM

4m

w
3

2 Height (metres)
-

10/04/13 19:12

Live Image (Click to enlarge}

Real-Time Fraser River
Buoy Readings

Water Quality Observations
Turbidity 10.8NTU
Specific

Conductivity

223u5/om

Water Temperaturs
pH
Dissolved Oxygen  103.5%
Water Depth and Flow
Water Depth 13.8m

0.15mis (0.3kn)

Stream Velocity
to SW (230.587)

Meteorological Observations

Wind Speed 10.44km/h
‘Wind Direction From E (73%)
Air Temperaturs 9.4°C
Relative Humidity 84.7%
Pressure 1017.62mb
From December 1st, 2009 till
December 8, 2009 the water

quality observations will be

www.waterquality.ec.gc.ca/waterqualityweb/realtimeindex.aspx




U.S.— |o1S off sites en=linemrthelasiz6ryears

= Our Lake—Cenitral N hittps/Wavnse U akesorarincdexsiaitimg

= Near Real-Time Water Quality: Momitergl and Dater DIStriuiien
in the Central Valley ipz//iwawiEceniial Vel eVineniiennereray

" Mystic River Qtip://Mam:mysiichvereniine:onay.

" Susquehanna River Basin Commission
- hittp://www.srbic.net/programs/iemotenetworketm

" Eyes on Bay- Chesapeake
B hittp://mddnr.chesapeakebay.net/eyesonthebay/index.crim

" |OOS (Integrated Ocean Observing System))
= [Qittp://www.obsreqistry.org/map.php
" Central & Northern CA

= Qhittp://www.cencoos.org/sections/conditions/Waterquality.shitm)

" Texas Commission on Environmental Quality
" hitp://tceqg.net/cgi-bin/compliance/monops/\Water monitors.pl

Neat sites and different approaches to presenting Infermatien
- Check them out!
a USGS


http://www.ourlake.org/index.html
http://www.ourlake.org/index.html
http://www.centralvalleymonitoring.org/
http://www.centralvalleymonitoring.org/
http://www.centralvalleymonitoring.org/
http://www.mysticriveronline.org/
http://www.mysticriveronline.org/
http://www.mysticriveronline.org/
http://www.srbc.net/programs/remotenetwork.htm
http://www.srbc.net/programs/remotenetwork.htm
http://mddnr.chesapeakebay.net/eyesonthebay/index.cfm
http://mddnr.chesapeakebay.net/eyesonthebay/index.cfm
http://www.obsregistry.org/map.php
http://www.obsregistry.org/map.php
http://www.cencoos.org/sections/conditions/waterquality.shtml
http://www.cencoos.org/sections/conditions/waterquality.shtml
http://tceq.net/cgi-bin/compliance/monops/water_monitors.pl
http://tceq.net/cgi-bin/compliance/monops/water_monitors.pl
http://tceq.net/cgi-bin/compliance/monops/water_monitors.pl

Vision: WatersguaiiAmiermnaensanyaviere
at anytime (Fankyeu; BelrHESeEnl)

WaterWatch -- Current water resources conditions

Map of real-time streamflow compared to historical

streamflow for the day of the - (United States) S PAR ROW.-..—LO ng- Te rm M ean An n Ua] S UspendEd .....
| Sediment Flux

7 735 sites!

http://waterwatch.usgs.gov

Explanatton Percentile classes
| @ } e [ o
| 10-24 | 2575 | 76-90

PP o | oot | 2 WARP http://infotrek.er.usgs.gov/warp/

Our goal should be to_provide water-guality’ concentrations: and
loads with associated uncertainty on all time and spatial
scales with a historical perspective ... (and maybe even

=~ USGS forecasting!)




Eromy strieamlto Vollfcomputer

% ‘ Surface-water-monitoring
| f stations record changes in
streams or lake stage

(gage height), then
transmit that data via
satellite to USGS offices.

GOES
, Satellite
J

station
! mu

= Cﬁ&peraturs, water-
I - opo data users, and
nternet Other USGS the public

offices d
o USGS http://ks.water.usgs.gov/pubs/fact-sheets/fs.060-03.html]




USES o2y,

" \WaterQualityWateh -- Continuous: RealElimeNVaier @ualin/ o
Surface Water in the United: States

- Nitps//WatenwatchLusas. geV/WalWatciy.

5| inkage to N\WiSwelr data withr seme value added=-"@nly culrent
unit values are presented for last 120 days

" Data Grapher
5 Nitp://or.water.usgs.goVv/arapher.

" Plots all data available fior measured unit valtes with multiple
sites and graph types

= NATIONAL REAL-TIME WATER QUALITY
B hitp://nrtwao.usgs.gov/

" Page to present all past and current computed “surrogate”
and measured water quality for concentrations, leads, and
model information

aUSGS



http://waterwatch.usgs.gov/wqwatch/
http://waterwatch.usgs.gov/wqwatch/
http://waterwatch.usgs.gov/wqwatch/
http://or.water.usgs.gov/grapher/
http://or.water.usgs.gov/grapher/
http://or.water.usgs.gov/grapher/
http://nrtwq.usgs.gov/
http://nrtwq.usgs.gov/
http://nrtwq.usgs.gov/

USGS TTODAY= Seme examples ol providing
Instantaneolis connuels daiarane =sSuioeeies
computatiens; en thewels

CA- SE Bay- Sediment, etic. Since 1989
nttp://shibay.wi.usgs.goev/sediment/cent meniterne/maexstmi

KS (1999)-MD; 1A, MO, NE, S, 1°X; and W= haciera, sediiment;
chloride, atrazine, geosmin, etc., Attp://AWe. Usa s, 0eV/KS/.

CO- Total dissolved solids transpont-
hitp://co.water.usgs.goV/projects/Ark@W/ineex.chim

OH-beachwatch-bacteria-
hittp://www.ehionewecast.info/index.asp

MT/WY- Sodium absorption ratios-
http://tonguerivermonitoring.cr.usgs.goevi/.

aUSGS



NRIWOQ— EXPANDBDING RABIDLEYA

1,553 temperature; 846 Specific conduicianCe; SSv: pIFy 4458
disselved oxyeen, 294 turpidity sites (C0Nnr 2000); niaieN()

a USGS

science for a changing world

USGS Home
Contact USGS
Search USGS

US Geological Survey Real-Time Water Quality Data For the Nation

NaTionaL ReAL-Time WATER QuALITY

Real-Time Tl.lrbldlty, in NTU or FNU Continuous real-time water-quality data are used for decisions
Hay 15, 2011 17:31ET regarding drinking water water treatment, lregulatcrry programs, recreation,
and public safety. Sensors in streams typically measure streamflow, water
temperature, specific conductanc , dissolved oxygen and turbidity.
Additionally, these measurement: ] as surrogates to compute
realtime concentrations and loads of other water-quality constituents.

Click the Map for Real-Time Water-Quality Data.
This Will Either Show:

1. This National Real-Time Water Quality (NRTWQ) website
(currently lowa, Kansas, Maryland, Missouri, Nebraska, South
Dakota, Virginia, and Wisconsin) provides hourly computed
concentrations and loads for sediment, nutrients, bacteria, and many
additional constituents. uncertainty values and probabilities for
exceeding drinking water or recreational criteria; frequency
distribution curves; and all historical hourly in-stream sensor
measurements.

2. WaterQualityWatch presents colorful maps of recent hourly
measurements of streamflow, water temperature, specific
conductance, pH, dissolved oxygen, and turbidity. The most recent
120 days of real-time data also are available for download. Similar to
NRTWQ, its data are obtained from the USGS National Water
Information System.

hitp://Artwao.usgs.goV/.
~ ISGS hitp://waterwatch.usqgs.goV/Wawatch



http://nrtwq.usgs.gov/
http://nrtwq.usgs.gov/
http://nrtwq.usgs.gov/
http://waterwatch.usgs.gov/wqwatch
http://waterwatch.usgs.gov/wqwatch

—
¥ Dol uscs Home

-~ act USGS

P Contact uscs

science for a che Search USGS

WaterQualityWatch -- Continuous Real-Time Water Quality of Surface Water in the United States
Real-Time Turbldlt\;r,r m NTU or FNU

Whout USGS WaterQualityWatch USGS Home
Contact USGS

Search USGS

ent RTWQ Maps

| Kansas - l
Measurement: [Turbidity |
RTWQ Sites

Google Map of all USGS Real-Time
‘ater Data

State:

Kansas Real-Time Water Quality

Realtime computed concentrations of water-guality constituents such as suspended sediment, total nitrogen, and totsl phosphorus are calculsted using ordinary least squares
regressicn models. The results of these models, slong with direct water-guality measurements, can be viewed here as time-series graphs, or downloaded as tabular data.

RTWO FAO

What is the USGS?

What is continuous RTWQ?
How are sites selected?

Ordinary least sguares regression models on this site use co SENSOr 1ents (for example, discharge, temperature, pH, specific conductance, turbidity, and dissclved
‘oiygen) to compute concentrations and loads of other water-guality constituents in real time. This makes it possible to compute instantanecus velues of many constituents in resl time
for public safety without the lengthy time delay of collecting a sample and waiting for analysis of a sample at a laboratory.

Please select g site from below to start viewing dats. You also can read more about the methods, messured constituents, and disclaimers by using the navigation bar at the top of each

Why continuous and real time?
How are these data used?
What are these measurements?
How are monitors maintained?
What is a surrogate?

mple of Sites Displaying Surrogates
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Examp|es of

Little Arkansas Riv '
hear Halstead, KS_.

Kansas River at
DeSoto, Kansas



Bridge stispensientaiamaicaliyincreasSed
fetained data (tO6ECP)NeIRCENEUCHVINASENSO);
at Sedgwick site

Little Arkansas River near Sedgwick, Kansas
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%USGS Bennett and others, NWQMC April 2010



Downsice eifhiidge 3uspens]on~~ MENILEIS
getting caughiin dien;



Number of site visits for calibration checks
ave Been decreasear vy sxs e uiiing

Little Arkansas River near Sedgwick, Kansas
Calibration checks

GIZMOS ARE BETTER!

> & & S & & & O
S '190& A A

™ Visits "mpH mSC © DO mTBY




Completeness: Vailes BuiNmererianresys

Little Arkansas River near Sedgwick, Kansas
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Goeal st ieraviemaiertiieie e/ eirie
data i real=time

B 0 streamiine record work i iKansas
" NWIS database
= CHIMP
" GRSAT/AQUARIUS
= ADAPS
= NWISWeb and NRTW®O

" |ntegrate AQUARIUS into
our workflow

aUSGS



Recommendations

" Commitiee on Streamgaging Cests and Suppeli
2008

" Continuous Record Precessinglteam 2006
" QW Moniter Value Engineering Study 2009
" SW Value Engineering Study 2010

" |mproeving Continueus Water-Quality \Workiiew
2010

All'concluded that streamlining anadautemating
records will improve guality and reduce coests

aUSGS



Data corrections inrAQUARIUS

[ AQUARIUS Data Correction

File Wiew Preference Help

i [ B | system | DAS -
Correction Control {(FNU, UTC-06:00) [ 2] ] =1 g ‘ M @ u& | +0 ) B E Q Q Q Q _’G}l Fl @ Q, Time Series Grid
. [T i d
(Pt Target: Turbidity (63680) Telemetry . oASD s s |conedes

= FHU
Date: |2010-01-01 00:00:00 == Raw *Corrected UTC-06:00
M. o E 2010-01-01 00:00:00 22,000 |22.000

] e Ui 2010-01-01 00:15:00 24000 [23.952
2010-01-01 00:30:00 24000 |23.905
rEndPoint——————————————— 2010-01-01 00:45:00  |28.000 |27.833
Date: 2010-01-01 0L:00:00  |25.000 24801

How: 438 = 2010-01-01 OL:1S:00 (24000 [23.761
2010-00-00 OL:30:00 24000 |23.714
2010-01-01 01:45:00  |24.000  |23.666
™ snapto: IW[ 2010-01-01 02:00:00  [24.000  [23.618
2010-01-01 02:15:00  |23.000 22588
2010-01-01 02:30:00 24000 |23.523
2010-01-01 02:45:00  |22.000 21518
| 2010-01-01 03:00:00  [23.000 22,451
2010-01-01 03:15:00  |22.000 |21.431

2010-01-0103:30:00 [27.000 [26.248
2010-01-0103:45:00  |23.000 22314
2010-01-01 04:00:00 21,000 20,332
Correction Status: | Suggested j E ;‘ 2010-01-01 04:15:00 21.000  |20.290
Pt Correction  Percert 2 2010-01-01 04:30:00 [22.000  [21.213

rStartPoint ————————— 2010-01-01 04:45:00 20,000 [19.244
#t:fooo0 o000 2o = 2010-01-01 050000 (21000 |20, 165

F #2[so00.00] [0 o0 =+ 2010-00-01 05:15:00  |21.000 20123
- - - f " 2010-01-01 0S:30:00 |22.000 |21.038

Bl =], =l =l i A mr ] il .\-.-.le"v‘-«‘fw' ‘Jf~.‘v_.]l'n NJ'L‘,,V\‘;[‘ 2010-01-01 05:45:00 21,000 {20,040
W ErdPoint — g oA b~V 2010-01-01 06:00:00 21,000 19,938

L TR P

#1: oo = oo = = %W 2010-01-01 06:15:00 | 22,000 |20.906
20100001 06:30:00 22,000 [20.869

¥ #2 [s000.00=] [-435z.0d [e7.0 =
I =l = || = 20100001 064500 22000  [20.819
s =l = =| 2010-01-01 07:00:00  |22.000 |20.775
20100101 07:15:00 22,000 [20.731

Step: [0.1 [o.ot

- Grading 10010107 30:00 21000 [19.747
Correction V Diagram 50 e . 20100101 07500 32,000 [30.027

1 2 3 4 5 [} 7 2010-01-01 03:00:00 22.000  |20.600
l\ | Dec 2009 UTC-06:00 2010-01-01 08:15:00 23.000  |z21.491
2010-01-01 08:30:00 2z.000  |20.513

[ Open Date:

Action
IUSGS Mulki-point Correction j

Apply

Correction Type ————————————————————
|IT Fauling Drift " Calibration Drift  Others =

6000

4000 - Change List

= | 2010-01-01 03:45:00 22,000  |20.469
S |

£ 2000 2010-01-01 09:00:00 23,000 |21.394
. Erom Time Ta Time tippled Time 20100101 091500 (28000 |25.940

Mo,  |[A|Subtype Creatar Comment WYYV MM-DD_HH:MM: S5 WYYV MM-DD_HH:MM: S5 WYYV MM-DD_HH:MM: S5 2010-01-01 09;30;00 24,000 22,187
UTC-06:00 UTC-06:00 UTC-06:00

2010-01-01 09:45:00 23.000 |21.216
2010-01-01 10:00:00 22,000 |20.250
2010-01-01 10:15:00 25.000 |22.962
2010-01-01 10:30:00 24,000  |21.996

-2500
Correction @ Type: Approval

Apply Auko-correction from CHIMP

[# Type: Correction
Apply Auto-catrection ta HydroML 2010-01-01 10:45:00 25.000  |22.862

[ Type: Flag 2010-01-01 11:00:00  [25.000 22813
20100101 111500 [29.000 26,405

[F_Type: Grade a¢ EORE
|_|| Echanga List @Currs:t\unsl “Grade L\stl ﬂF\ag Listl m»\ppruval L\stl GNute Listl Interpu\at\un Type List i ﬂTime Series Grid IED\screte Samp\esl . Measurements nData Gaps
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Benefits ofi “altiomated™ reconds: QA/QOEC

" Rule-based approachi prevides ohjective and consistent
data-correction computanen

= Automating data-correction computatien aned applicatien
" eliminates transcription errors
" saves time
" replaces existing spreadsheets
" [Hluminates the need for a checker

" |ntegration of graphical and tabular data display: allews fior
efficient, intuitive record working, review, and approvail

" Repetitive tasks in workflow are mostly eliminated, saving
hydrographer’s time

" Enhances our ability to successfully QA and finalize data
In real time

aUSGS



USGS Real-iiine Water @Ualiy SAPPREEEIE

"

Little Arkansas River near
Sedgwick, Kansas

Addhwater-gualiny/ meniters at
Stiieangages anditransmiicaiereal”
time

Collect water samples; eVer thierrange ol
hydrelogic anel chemicallconaditions

Develop site-Specific regression moedels
using samples; and sensor vallues

Compute concentrations andleads

Publish regressien models

Display computations, Uncertainty; and
probability: en theWelh

Continued sampling te verify models

Rasmussen, Gray, Glysson, and Ziegler, 2009,
http://pubs.usgs.gov/tm/tm3c4/



SSUregates  are Callaic S ENSENS

B Use In-situ measurements when direct- measurement
Sensors are not availanle

= Calibrate the in-situr senser withr samplies collected
OVEer range in conditiens using statistics andrdevelop
models (the simpler, the better)

" Compute concentrations, leads, Uncertainty, and
probability of exceeding water-guality’ criteria ana
display on web

aUSGS



Parameter

Directly measiuired
Gage Helght/Stage/Velocity,

Specific Conductance

Turbidity

ParameieirCompuied

Stiieamilieow (discharge)

Chlleride; alkalinity;
iliberide; dissoelved
solids;, sedium, sulfate,
nitrate, atrazine

Jjotal suispended selids,
Suspended sediment,
fecal colrform, E. colr,
total nitregen;, tetal
nitrogen, total
phosphorus, geesmin



VWAV d e SUIHGERIES WEIK?

Because there s a physical relaten henween themeasuied
sensor value and the constitient el adidinenalipteresi—

Sediment directly causes; tuirlnaiwy
Chloeride directly causes specific conduciance

In other cases, there s an association PEetWeen the
constituent of Interest and! the In-situ measurement—

Streamflow Is computed based on the Interrelaten
of water height, cross section, anadl velocity

Bacteria Is associated with sediment andl turiaity,

Relations likely are site specific and rohustness ol relatiens
depends on the consistency ofi sources of the censtituents

aUSGS



Streamiilow relaten  terwaterguali istcomplextaneheanizle
Can| we capture, guantiiy, tndersiand; and reguliate thisiwater=g Uiy,
variability with 6 er 10 er 20 samples per year?

Relation of Q and Turbidity, 1999-2009,
Little Arkansas River near HWY 50 in Kansas

/
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| R*=0.212
2009
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guantify the
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TurRIaioy,

provides the best
estimate. of
suspended-
sediment
concentrations
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Rasmussen and others, 2009

L
100,000

%USGS http://water.usgs.gov/osw/suspended_sediment/time_series.htmi



Tueldiny  estinatesrEnColielizily
D. Escherichia coli (E. coli)bacteria (ECB)

1,000,000

100,000

—
=
=
=

e
S
=

100

=

E. colibacteria density, incolonies
per 100 milliliters of water

1.0

0.10
1

+ Wamego
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Log,, ECB= ~1.5log,,turb- 1
R?=0.6
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10

100

1,000

10,000

Rasmussen, Ziegler, and Rasmussen, 2005



Using turkidity: ter estimate: proknaniliny ol exceeadingrEr colif criternea

Escherichia coli bacteria densities,
in colonies per 100 milliliters of water

—— Greafter than 126
Greater than 235
— Gireater than 298
—— Greater than 406
Oreater than 576
—— Gireater than 1,021
— Greater than 2,507

Index map

]
Tuyaﬁhity: 350 FNU:
50% chance that E. coli
IS 262 colonies/100 mls
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Rasmussen and Ziegler, 2003




Bacterna fliequently exceed Water=guality staneares

Real-time
computed
CORNCentrations
of bactera,
Uncertainty, and
prokability of
exceeding WQ
criteria

The data used to produce this plot are provisional and have not been reviewed or edited. They may be subject to change.

in colomies per 100 milliliters

Computed discharge, in cubic feet l:Ter second

(look at the
sample data....) AN LI LD
Aren’t [ JRIARE ) f Lhbd
continuous J P
surrogates SRR T RN G E T

b ett er? " Jan Feb. Mar. Apr. May ._Il_u'g:“:@l’l_lly Aug Qct. Nov. Dec.

Computed instantaneous fecal coliform bactena concentration
-
a USGS in Little Arkansas River near Sedgwick, KS
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Percent chance
exceeds criteria

Concentration more important than load fer health
a USGS
" = http://nrtwg.usgs.gov/explore/plot?site_no=07144100&pcode=31625&period=2009_all&timestep=uv.



Early Detection - Geosmin concentrations in Cheney Reservoir exceed
the human detection limit of 0.01 ug/L about 5026 of the time

log10(Geo) = 7.2310 - 1.0664 log10(Turb) - 0.0097 SC
r’=0.71

Estimates available from 2001-present

142300

1,421.00

:
ié
7
§
1
!

1,420.00

T T TTTTIT
L L

1 1 lllllll

Jan Feb Mar, Apr. May June July Aug. Sept. Oct Nov. Dec
2008

lllllll

GComputed instantaneous geosmin, water concertration
% USGS in Cheney Reservoir near Cheney, KS
(Mo estimates are calculated when predictive variables are outside of the calibration rangg facihemadell,

EXPLANATION
—— Discharge b v e bl v b L
—— Measured or computed water-quality constituent 0 20 40 60 80
90-percent prediction interval for computed value . -
® Va]:e obta.i:ed from discrete sam[;iing‘:.::ld analysis Pereentage of time indicated value was oqualied or excceded
© Load calculated using laboratory analysis and discharge Duration curve of geosmin, water
%USGS at 07144790 Cheney Reservoir near Cheney, KS
for period of record 2001 - 2010 Senarabed $-27-11 13154

Computed geosmin, water concentration,
in micrograms per liter




What About Groundwater?— @i Course!

Effects of experimental passive artificial recharge of treated surface water
on water quality of the Equus Beds Aquifer near Wichita, KS 2009-2010

1,18

Continuous measurements of:
Water levels, temperature,
turbidity, SC, ORP, pH, and DO

SPECIFIC CONDUCTANCE, IN MICROSIEMENS PER CENTIMETER

DISSOLVED OXYGEN, IN MILLIGRAMS PER LITER
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-TR, RB1-P well, and RB1-PMS wells installed along the eastern edge of the original RB1 ba RE1-TR RE1-F deep RE1MS deep
e. Photographed from a location northeast of the trench, RB1-P well and RB1-PMS wells du —— RB1-P shallow RBI-PMS shallow  ——RB1-MS shallow



Isn’t It time
for a
National
Continuous
WQ
network?

® Aclive Streamgages -
o Active Stage-Only Gages to be Converted to Sreamgages ;
¥ Inackve Gages to be Re-activatad &
® Mew Sreamgoges
Coastal HUCs
|| Closed Basins
Hydrodagie Accounting Unk Boundary T

Y E S I The Metwork for rivers is designed to assess:
= @ streamflow, contaminant loads, biologicl
conditions at the outlet of each Hydrologic
Accounting Unit at HUCa
eamflow and constituent loads from

al rivers,

http://acwi.gov/monitoring/network/



NMIN Pilets) mrlLake | IR Y
. 5 554 . y e ‘A 3 e
Michigan, Al T
Delaware, and I i h
San Eranciscorisay.

" Pilots represent 20 federall,
state, local, academic, NGOs

" Fully implemented network will centribute te nmany: oif the nmost

Important resource management issues _ e
Nittp://acwWi.g oV/meRIteng/.

" Improvements in data management needed

" Gaps in numbers of sites, sampling frequency: (nutrients) and need
for additional analytes (chemicals related to fish consumptien,
nitrogen fluxes, effects of non-natives)

Annual estimated costs for each network estuany andits tris
would be in the range of $5-7 million each depending en size and

complexity. Based on Lake Michigan, the costs for eachi Great
L~
ﬁUSGS Lake would be $12 million.



Wihat derwergamrireniraiNaienaNCoRiiuels

Water-Quality INETWOIKZ pur———— 7.\ 10
= Information to assess, describe, [RERERINE 7 SNI———
and understand water guality. . ¥ [ € Network (NFSN)

fior all uses—drinking water,

o A
recreation, environment o A4 9 Integrated
oYy i Watershed
" |nfrastructure that measures B Studies (IWS)

water guality in very small to Regional Synoptic
Studies (RSS)

Must study all spatl
emporal scales to truly

large river and estuaries-MSs

= Use ofi today’s technology. understand water quality and
Intensive
rather than approaches ransport Studies (IS) <

developed 50 (or more) years

ago that are only sufficient for

annual loads—at best
=Evaluation of the effectiveness inimany and large and expensive
programs ( AG crop programs, EPA 319; ...) designed or thought te
Improve water quality (but are these measurements made on the time
scale that answers these questions?)

aUSGS



Continuous time-dense data to assess sources

ane tranRsSpert

& N— 250 - ®m Monthly flow volume
o i it |— -

| | p* [ 1 i Il-
1 KA.NSIﬂ.S'h T LR AT R ® Monthly nitrate/sediment
KMy _-Il__l_ | o : loads

i W e

i_j__JL_ Lglct?tmn of -
F— s area— | __ :

I I 1"I I | 1 J|—|—

Index map

..r" A, B,




AR exaniple:
Vision: A NauenalFSedimensa\We
Monitering: Pregram

Establishl a leng-ternm), nenwerk=designed
nationall menIterng pPregan terdenerae
sediment, nutrent, andfsediment-assecliaies
chemical concentrations, leads; kludeets and
temporal trends that areintegraed Wit
existing networks.

Mississippi Basin propoesed pilot program
that grows into a natienal network

ftp:/fftpext.usgs.gov/pub/er/valreston/jrgray/mrb_proposal/

a2 USGS



Natienalr Pregiram Cosi/iEEneilis

400-450 stations about $ 100 V]
annually

Pilot program in Mississippi River
Basin proposed at $18M

National program coest Is <1%
of estimated sediment
costs/damages annually.

Not to mention the Guilf 68 stat|ons o)
Hypoxia costs....... Max use off USGS gages & programs

20 sites Priority 1:

Large-scale processes
48 sites Priority 2:

\Watershed proc./iIssues

aUSGS



Vision: WatersguaiiAmiermnaensanyaviere
at anytime (Fankyeu; BelrHESeEnl)

WaterWatch -- Current water resources conditions

Map of real-time streamflow compared to historical

streamflow for the day of the vear (United States) SPA R ROW.-..—LO ng- Te rm M ean A nn Ua] Su Spe n dEEd .....
Sed|ment Flux

...... E.r‘rm "f‘f‘[rllln|k1‘f'|"':"""""!:.:{‘\-\_'."{:J'
: Less than 10,000,000 .

7,73'5 sites!

the map

10,000,000 - 100,000,000
/100,000,000 - 750,000,000

. Greater than 750 0’\0 000
rest statlons

Explanation - Percenie lasses Schwarz Rlchard B. Alexander Rlchard A. Smlth and John R. Gray
10-24 2;75 | 76-90 ;o

Above, Muchaboya High
Normal | ormal hormal |

Our goal should be to provide water-guality: concentrations and
loads with associated uncertainty on all time and spatial
scales with a historical perspective ... and forecasting|

< USGS



Three Areas needed for the Future-

ANater @uialiy=anyWwhereranyilimne:

5 Data and databases
B Statistics and models

B Information dissemination



DATA--Improved SeRsers!

- Streamifilows, TurbIaity, acouSsiic BacksScattels
ultraviolet nitrate, laser-nased SERSOS

e ol & UV Nitrate
|
' 1
) |
e’ .

‘Acoustic._
e — T
‘Backscatter

Laser-Based
~2SGS But we need even better sensors



SENSoI Needs—ulnain exaniple
A senser that:

Reads values thiat are eguivalent (i an
Independent standard—nojust ermazin

Ranges from <1 to moere than 50,000 mg/L
equivalent suspended-sediment cencentraens
With precision

Has the ability to previde multi-scatter angles e
Infer or measure grain sizes oft material

Is unaffected by particle or fluid celor

Is self cleaning

Transmits data wirelessly from the monitor to the
gage for relay

aUSGS



DATABASE--Value Engineenng REPOIie)r
\Water @uialiby;

(Visited NC ane KS; YSiFanea =S
1. Autemate Data Entry’ andRecord Processing

Streamline data entry:

Automate data collection and analysis

Consolidate functionalities off multiple seltware pregrans e
one solution

Improve yield in data processing

OBJECTIVE and CONSISTENI appreoaches

2. Reduce Wastes
3. Reduce Frequency of Visits to Field Sites

4. Continuous Improvement

aUSGS



Future—Data and databases

" Use new techinelogy-More sensors/difecimeasuremeni
" | ow maintenance or self-cleaning SEnSers

- Sensors that work inr groundwater/reducing conaitions
5 MCERTs—NWOMC— ASHIV= seome standaradization

= National Network- start With sediment/autiiments

" Continued Nationally consistent proiocols fey;

" O&M of sensors
" Generic testing protocols for new: gizmos
" Data storage and methed delineation

" Automated data entry— maybe even wireless!
" Automated record processing/working teels

" Storage ofi estimates/computations

" National “surrogate” web page for estimates/computations and
retaining the historical statisticall models

= Acceptance of these Qaed data in regulatery enfercement

USGS-Pat Rasmussen focus IS to auteomate the data precessing Lo
L : :
2 USGS enhance the quality and save time



Future: Statistics and models

" Natienal' Consistency:

" T&Ms fer Instantaneous constitient concentranensrandiloaas
= Ohio hacteria
- KTR ine
" | OADEST- (annual)
" nstantaneous Turbidity/sediment pretocel- Patr Rasmussen andl etiers), 2009

" Generic T&M protecol fer computation el any: constituent

= Automated statistical calibration model develepment done
consistently with specific nUMeric criteria-

= Scenario testing/ future water-quality’ prediction— Recreational
forecasts, Water-treatment forecasts, etc.

" Marriage of instantaneous point estimates with spatial medels-
Water Quality anywhere, anytime

aUSGS



Future: Information transfer

= THINK, collect DATA,; MODREL; PUBLISH} and repeat

" |s more data more better? What dorweneed 1o KnowW, — pIeCESS
studies, custemer needs, .....

= NRTWQO-Natienal real-tinmne computations; welb page:
" Past, current, and eventual fiorecasts; ol water guality

" Provides consistency of stats andl display of Uncertainty,
probability, duration curves, ....

" Comparison to water-guality: criteria and: prolkability off exceeding
environmentally-relevant criteria

" Dynamic user-specified comparisens in addition te static
iInformational displays

IT we can think of It, we can do It !

aUSGS



Achieving clicksanyavhereranyiine?

mSalance eEnVeen:
" Eield data cellectien (discreterand continuous)=—
MORE SITTES—Natienalf Netweirk!

Precess studies;te impreyve oufuneerstancineE=
MORE THINKING

Statistical and spatial moedeling estimaies
(qualifired with thie: Uncertainby) te
extrapolate/interpoelate our iniermatien

MORE MODEL APPLICATIONS

Information dissemination to our customers

MORE NATIONALLY-CONSISTENT WEB DISPLAY ANID
“AUTOMATED” REPORTS

Progress Is being made, but
the pace must increase to
meet our information needs.



ContmueushValerr@ualiin A Zlieege!

5| (state yeur name), pledgeioroekielr amny.
anad all' eppoertunities; te msiall; rmpreVve; ane
promote continueus water-guality, moeniters: at
more sites te develop nationaland
International networks, applicaens meeiing
regulatory needs, and leek at and think aneut
these data to Improve our Understanding of
the envirenment.

" Short version:

RTWQ—REALLY (Just) Do It!
22 USGS
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m B EUSGS Eor merenformaion:
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| | [80-832-3539

Guidelmas and Procedures for Computing Teme-5enes
Suspended-Sediment Concentrations and Loads lrom
In-Stream Turbidity-Sensor and Streamflow Data
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Coemputed instantaneous e. celi bacteria concentraion
i Little Arkansas River at Highway 50 near Halstead, KS

EXPLANATION
= Discharge
—— Measured or computed water-quality constituent
90-percent prediction interval for computed value
® Value obtained from discrete sampling and analvsis
[ l.oad calcu.la'ted. usmglahoxam‘_v analvsis and discharge

Scientific Investigations Report 2006-5095

i http:// nrtwq .usgs.gov/ks/


http://pubs.usgs.gov/tm/tm3c4/pdf/TM3C4.pdf

Selected Real=imeNVaiei@ualinARPuiliicaiens

Helselland Hirsehi, 1992, (Z002)), Statistical VIethiee shnnwaier
resources —Hydrolegic Analysis and lnterpretation: Technigues; i
\Water Resources Investigations el therU:s, Geological SUvey, chiap:
A3, bhook 4, 510p.

Christensen, V.G, Jian, Xiaodong, andiZiegler A C: 2000/ REJIESSIoN
analysis andl real-time water- -guialiity: menitering| te estimate constituent
concentrations, loads, and yields in the Little Arkansas River, seuth-ceniral
Kansas, 1995— 99: U.S. Geological Survey Water-Reseurces Investlgatlons
Report 00—4126, 36 .

Wagner, R.J., Boulger, RW., Jr., Oblinger, C.J., and Smiih, BLAL 2006
Guidelines and standard procedures for continuous; water-guality moeniters—
Station operation, record computation, and data reperting: U.S. Geolegical
Survey Technigues and Methods 1-D3, 51 p. + 8 attachments; accessed April
10, 2006, at hitp://pulbs.water.usgs.geVv/imics

Rasmussen, P.P and Ziegler, A.C., 2003, Comparison and continueus
estimates of fecal coliform bacteria and Escherichia Colif bacteria i selected
Kansas streams, May 1999 through April 2002, Water Reseurces
Investigations Report, 03-4056, 97p.
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http://pubs.water.usgs.gov/tm1d3
http://pubs.water.usgs.gov/tm1d3

ViererRealsnmeVarer@uahyAPuplicatons

Runkel, Rebert L.; Crawiord, Chares G, CenniiNmoethay Av 20045
Load estimator (COADEST): a EORIIRANRrogram e estimating
constituent loads In streams; and rvers: U'S, Geologiicall SuRey

Technigues and Methods Booek 4, Chapter A5, 620;

Francy, D.S., andl Darner, RLAL, 2006, Procedures e Develeping
Models To Predict Exceedances ol Recreatienal\Water=@uality,
Standards at Coastal Beaches: U.S. Geological  Survey llechnaues
and Methods 6-B5, 34 p.

Granato, G.E., 2006, Kendall-Theil Rebust Line (KIRLIne -version
(0) visual basic program for calculating and graphingl renust
nonparametric estimates of linear-regression coefficients between
two continuous variables: Technigues and Metheds oi the U.S.
Geological Survey, beok 3 chap. A7, 31p.

Rasmussen, Patrick P.; Gray, John R.; Glysson, G. Douglas; Ziegler,
Andrew C., 2009, Guidelines and Procedures fior Computing Time-
Series Suspended-Sediment Concentrations and Loads from; lin-
Stream Turbidity-Sensor and Streamflow Data: Technigues and
Methods of the U.S. Geological Survey, book 3 chap. C4, 54p.
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DiscusSion e RealEiimenvaieimabeiiiy,

" Where do we need to go (What Is necded oy
Instruments, protocols, datanases, eic.)?

" Why aren’t we there? \What are the technical
and other impediments?

" How do we fill these gaps and get Wherewe
need to go?
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