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LIMSLIMS

•• Seamless data transfer to NWIS by Seamless data transfer to NWIS by 
NWQLNWQL

•• Includes all analytical metadataIncludes all analytical metadataLIMSLIMS •• Includes all analytical metadataIncludes all analytical metadata

•• Data validation Data validation by USGS by USGS Water Water 

NWISNWIS

•• Data validation Data validation by USGS by USGS Water Water 
Science CentersScience Centers

•• 33‐‐sets of eyes & consistent criteriasets of eyes & consistent criteria

•• Provisional data soon after analysisProvisional data soon after analysis

NWISWebNWISWeb

yy
•• Approved data after review Approved data after review 
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Field NotesField NotesField NotesField Notes

Paper or electronicPaper or electronic

Field methodsField methods

CompletenessCompletenesspp

Measurements & Measurements & 
calculationscalculations



Basic Tenets of Data ReviewBasic Tenets of Data Review

Timeliness ofTimeliness of review is criticalreview is critical

Outlier  doesn’t mean wrongOutlier  doesn’t mean wrong

Multiple lines of evidence invaluableMultiple lines of evidence invaluablepp

Deal with problems quickly and thoroughly Deal with problems quickly and thoroughly 

L b  t ff     t d   tL b  t ff     t d   tLab staff are a tremendous assetLab staff are a tremendous asset



#1 Rule of Data Review#1 Rule of Data Review

ConsistencyConsistency



Review CriteriaReview Criteria

Logic testsLogic tests

O li  id ifi i   d  dO li  id ifi i   d  dOutlier identification and remedyOutlier identification and remedy



Logic TestsLogic Testsog c estsog c ests
(aka (aka –– Is it even possible?)Is it even possible?)

Part Part vsvsWholeWhole

Ion BalanceIon Balance

    H     H 1 < pH <141 < pH <14

0 < DO < 200 < DO < 20

0 0 00< Temperature < 40< Temperature < 40oo CC



Logic TestsLogic Testsog c estsog c ests
(aka (aka –– Is it even possible?)Is it even possible?)

The illogical, if not impossible results:The illogical, if not impossible results:
0 DO 200 DO 200 > DO > 200 > DO > 20
0 > Temperature > 400 > Temperature > 40o o CC
1 > pH >1 > pH >14141 > pH >1 > pH >1414

Typically these are field valuesTypically these are field values
Review field notesReview field notesReview field notesReview field notes
Revise the value only with proof…..don’t guess.Revise the value only with proof…..don’t guess.



Logic TestsLogic Testsog c estsog c ests
Part Part vsvs WholeWhole

Dissolved concentrations cannot exceed total concentrations.Dissolved concentrations cannot exceed total concentrations.

e.g. Filtered Fe e.g. Filtered Fe << Total FeTotal Fe

e.g. where Total N = NOe.g. where Total N = NO22 + NO+ NO33 + NH+ NH33 + Organic N,+ Organic N,

NONO22, NO, NO33, NH, NH33, and Organic N , and Organic N << Total NTotal N

AAllowllow for analytical variability and uncertainty:for analytical variability and uncertainty:

ConcentrationsConcentrations >> 1 mg/L 10%1 mg/L 10% exceedanceexceedance is allowedis allowedConcentrations Concentrations >> 1 mg/L, 10% 1 mg/L, 10% exceedanceexceedance is allowedis allowed

Concentrations < 1 mg/L, Concentrations < 1 mg/L, exceedanceexceedance may equal the LRL may equal the LRL 
of the least precise of the 2 methods. of the least precise of the 2 methods. 



Logic TestsLogic TestsLogic TestsLogic Tests
Ion BalanceIon Balance

ΣΣ cationscations == Σ Σ anionsanions

Must allow for analytical precisionMust allow for analytical precision5% difference OK for many natural waters5% difference OK for many natural waters

Differences >> 5% allowable at very low ionic  strengthDifferences >> 5% allowable at very low ionic  strength



OUTLIERSOUTLIERSOU SOU S
an observation that is  numerically an observation that is  numerically 
di f h f h ddi f h f h ddistant from the rest of the data distant from the rest of the data 

O li  i    (   ll i     k)O li  i    (   ll i     k)Outliers in space (1 well in a network)Outliers in space (1 well in a network)

Outliers in time (new maximum in a time series)Outliers in time (new maximum in a time series)

Outliers in relations (flow versus concentration)Outliers in relations (flow versus concentration)



OUTLIERSOUTLIERSOU SOU S



OUTLIERSOUTLIERS

Not all outliers are Not all outliers are Not all outliers are Not all outliers are 
bad……..bad……..

……they may only ……they may only ……they may only ……they may only 
be misunderstoodbe misunderstood



OUTLIERSOUTLIERSOUTLIERSOUTLIERS
Steps taken once identifiedSteps taken once identified

Multiple lines of evidence to reject or acceptMultiple lines of evidence to reject or accept

R i  fi ld  tR i  fi ld  tReview field notesReview field notes

Review significant dependent relationsReview significant dependent relations

Review field QC samples (field blanks)Review field QC samples (field blanks)

Discuss with labDiscuss with lab

Rerun the analysisRerun the analysisyy



Outlier Identification & Remedy: Failed Ion Balance 
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The case of the covert outlierThe case of the covert outlierThe case of the covert outlierThe case of the covert outlier



SAMPLE CODINGSAMPLE CODINGSAMPLE CODINGSAMPLE CODING

Data can be rendered useless without comprehensive and Data can be rendered useless without comprehensive and 
consistent metadataconsistent metadataconsistent metadata.consistent metadata.

G d d b i i h d fi ld i llG d d b i i h d fi ld i llGood metadata begins with good field notes, especially Good metadata begins with good field notes, especially 
observations.observations.



SAMPLE CODINGSAMPLE CODINGSAMPLE CODINGSAMPLE CODING
Consistent metadata required for each sampleConsistent metadata required for each sample

L ti d t tiL ti d t ti

Consistent metadata required for each sampleConsistent metadata required for each sample

Location, date, timeLocation, date, time

Field methods and equipment usedField methods and equipment usedField methods and equipment usedField methods and equipment used

QC sample dataQC sample dataQC sample dataQC sample data



Ready for Public ConsumptionReady for Public Consumption
Approved data are set to “Approved” in Approved data are set to “Approved” in 
NWISNWIS

Rejected data are maintained in NWIS but Rejected data are maintained in NWIS but 
masked from NWISWebmasked from NWISWeb

All approved data readily available through All approved data readily available through 
NWISWeb, USGS web utilities and reportsNWISWeb, USGS web utilities and reports



Annual Data ReportsAnnual Data Reports

NWISWebNWISWeb

NWIS NWIS MapperMapper

W t W t hW t W t hWaterWatchWaterWatch

Water Water QualityWatchQualityWatchateate Qua ty atcQua ty atc

GroundwaterWatchGroundwaterWatch



Annual Data ReportsAnnual Data Reportspp
Supplements direct access to  dataSupplements direct access to  data

Published for each USGS Water Science CenterPublished for each USGS Water Science Center

Published electronically since 2007 Water YearPublished electronically since 2007 Water Year

Includes onIncludes on lineline mappermapper utility for site locationutility for site locationIncludes onIncludes on‐‐line line mappermapper utility for site locationutility for site location

Completeness varies by CenterCompleteness varies by Center

http://wdr.water.usgs.gov/http://wdr.water.usgs.gov/



Annual Data Reports Annual Data Reports MapperMapper



NWISWebNWISWeb
OnOn‐‐line access to 1.5 million sites nationwideline access to 1.5 million sites nationwide

RealReal‐‐time and historical datatime and historical data

Continuous and discrete measurement dataContinuous and discrete measurement dataContinuous and discrete measurement dataContinuous and discrete measurement data

Multiple search routinesMultiple search routines

Multiple output optionsMultiple output options

http://waterdata.usgs.gov/nwishttp://waterdata.usgs.gov/nwis



NWISWebNWISWeb



NWISNWIS MapperMapperNWIS NWIS MapperMapper

MapMap‐‐based web search utility for based web search utility for NWISWebNWISWeb

Click and zoom or address searchesClick and zoom or address searches

Map satellite hybrid or terrain backgroundsMap satellite hybrid or terrain backgroundsMap, satellite, hybrid, or terrain backgroundsMap, satellite, hybrid, or terrain backgrounds

http://wdr.water.usgs.gov/nwisgmap/http://wdr.water.usgs.gov/nwisgmap/p // g g / g p/p // g g / g p/



NWIS NWIS MapperMapper



WaterWatchWaterWatch
StreamflowStreamflow web utilityweb utility

Data synthesis by State or RegionData synthesis by State or Region

Low and HighLow and High‐‐Flow statistical summariesFlow statistical summaries

Map and tabular outputMap and tabular output

http://waterwatch.usgs.gov/http://waterwatch.usgs.gov/



WaterWatchWaterWatch



WaterQualityWatchWaterQualityWatchyy

Map utility for Map utility for continuouscontinuous waterwater‐‐quality dataquality data

Temperature, conductivity, pH, DO, turbidityTemperature, conductivity, pH, DO, turbidity

htt // t t h / t h/htt // t t h / t h/http://waterwatch.usgs.gov/wqwatch/http://waterwatch.usgs.gov/wqwatch/



WaterQualityWatchWaterQualityWatch



Groundwater WatchGroundwater Watch
Map utility for groundwater level dataMap utility for groundwater level data

Continuous or discrete measurementsContinuous or discrete measurements

Graphical and tabular outputGraphical and tabular output

Plots and statistical summariesPlots and statistical summaries

http://groundwaterwatch.usgs.gov/http://groundwaterwatch.usgs.gov/



Groundwater WatchGroundwater Watch



USGS PublicationsUSGS Publications
R i d A l PR i d A l PReview and Approval ProcessReview and Approval Process

“Fundamental Science Practices”

Author

P

Publication

SupervisorPeer
Reviewers

Science
Center

“Bureau Approving
Official”Center O c a



Professional PaperProfessional Paper

Scientific Investigations Report (SIR)Scientific Investigations Report (SIR)Scientific Investigations Report (SIR)Scientific Investigations Report (SIR)

Scientific Investigations Map (SIM)Scientific Investigations Map (SIM)

CircularCircular

Techniques and MethodsTechniques and Methodsqq

Fact SheetFact Sheet

D  S iD  S iData SeriesData Series

OpenOpen‐‐File reportFile report



USGS Publications Warehouse:  http://pubs.er.usgs.gov



USGS Publications Warehouse:  http://pubs.er.usgs.gov



USGS Publications Warehouse:  http://pubs.er.usgs.gov



USGS Publications Warehouse:  http://pubs.er.usgs.gov



USGS Publications Warehouse:  http://pubs.er.usgs.gov



USGS Publications Warehouse:  http://pubs.er.usgs.gov



USGS Publications Warehouse:  http://pubs.er.usgs.gov



USGS Publications Warehouse:  http://pubs.er.usgs.gov



USGS Publications Warehouse:  http://pubs.er.usgs.gov



USGS Publications Warehouse:  http://pubs.er.usgs.gov



USGS Publications Warehouse:  http://pubs.er.usgs.gov



USGS Publications Warehouse:  http://pubs.er.usgs.gov



USGS Publications Warehouse:  http://pubs.er.usgs.gov



USGS NAWQA Program:  http://water.usgs.gov/NAWQA



USGS NAWQA Program:  http://water.usgs.gov/NAWQA



USGS NAWQA Program:  http://water.usgs.gov/NAWQA



USGS NAWQA Program:  http://water.usgs.gov/NAWQA



USGS NAWQA Program:  http://water.usgs.gov/NAWQA



USGS NAWQA Program:  http://water.usgs.gov/NAWQA



Toxic Substances Hydrology Program:  http://toxics.usgs.gov



Toxic Substances Hydrology Program:  http://toxics.usgs.gov



Toxic Substances Hydrology Program:  http://toxics.usgs.gov



Toxic Substances Hydrology Program:  http://toxics.usgs.gov



Toxic Substances Hydrology Program:  http://toxics.usgs.gov

T J l A ti l O fil tTwo Journal Articles, One open‐file report



Toxic Substances Hydrology Program:  http://toxics.usgs.gov



Toxic Substances Hydrology Program:  http://toxics.usgs.gov



Toxic Substances Hydrology Program:  http://toxics.usgs.gov



Toxic Substances Hydrology Program:  http://toxics.usgs.gov



Toxic Substances Hydrology Program:  http://toxics.usgs.gov



Toxic Substances Hydrology Program:  http://toxics.usgs.gov



Toxic Substances Hydrology Program:  http://toxics.usgs.gov



Toxic Substances Hydrology Program:  http://toxics.usgs.gov



Toxic Substances Hydrology Program:  http://toxics.usgs.gov



USGS Library:  http://library.usgs.gov



USGS Photographic Archive:  http://libraryphoto.cr.usgs.gov



USGS Photographic Archive:  http://libraryphoto.cr.usgs.gov



USGS Photographic Archive:  http://libraryphoto.cr.usgs.gov



USGS Photographic Archive:  http://libraryphoto.cr.usgs.gov



USGS Photographic Archive:  http://libraryphoto.cr.usgs.gov



USGS Photographic Archive:  http://libraryphoto.cr.usgs.gov



USGS Photographic Archive:  http://libraryphoto.cr.usgs.gov



USGS Photographic Archive:  http://libraryphoto.cr.usgs.gov

Members of the Hayden Survey: 1870
U.S. Geological and Geographical Survey of the Territoriesg g p y


