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Overview of DiscussionOverview of Discussion

►► Borehole Geophysical Parameters Borehole Geophysical Parameters –– Why Geophysical Why Geophysical 
logging?logging?

►► Borehole geophysical interpretations of flow and Borehole geophysical interpretations of flow and wellfieldwellfield
dynamicsdynamics

South Central Texas ExampleSouth Central Texas Example
►►Monitoring Wells near public supply Monitoring Wells near public supply wellfieldwellfield
►►Flowmeter data associated with depthFlowmeter data associated with depth--dependent dependent 

sampling of Edwards aquifer public supply sampling of Edwards aquifer public supply wellfieldwellfield
Albuquerque New Mexico ExampleAlbuquerque New Mexico Example
►►Flowmeter data associated with depthFlowmeter data associated with depth--dependent dependent 

sampling of Yale 2 PSWsampling of Yale 2 PSW
Superfund Site ExampleSuperfund Site Example
PantexPantex ExampleExample



Geophysical LoggingGeophysical Logging

•Caliper, 
•Natural Gamma, 
•SP,
•Resistivity, 
•Conductivity, 
•Temperature, 
•Borehole 
imaging tools, 
•EM Flowmeter

An integral part of monitoring well construction and 
depth dependent sampling of a public supply well



►► Applications of logging Applications of logging –– Why geophysical logging?Why geophysical logging?
Information from drilling Information from drilling -- Cuttings logs / Coring Cuttings logs / Coring 
►► Dependent on cuttings returns / core recovery Dependent on cuttings returns / core recovery 
►► Descriptions subject to interpretation of onDescriptions subject to interpretation of on--site geologistsite geologist

Borehole Geophysical LogsBorehole Geophysical Logs
►► Better depth controlBetter depth control
►► LithologiesLithologies confirmed with multiple logsconfirmed with multiple logs
►► WaterWater--quality indicatorsquality indicators

Source: Stanton and others, 2004



SouthSouth--Central Texas TANC ExampleCentral Texas TANC Example

►► The Transport of Anthropogenic and Natural The Transport of Anthropogenic and Natural 
Contaminants (TANC) is a Topical Study of the Contaminants (TANC) is a Topical Study of the 
National Water Quality Assessment (NAWQA) National Water Quality Assessment (NAWQA) 
ProgramProgram

►► TANC study question: What are the primaryTANC study question: What are the primary
(1)(1) contaminant sources,contaminant sources,
(2)(2) aquifer processes, andaquifer processes, and
(3) well characteristics(3) well characteristics
that control the transport and transformation of that control the transport and transformation of 

contaminants from recharge areas to supply contaminants from recharge areas to supply 
wells in representative drinking water aquifers?wells in representative drinking water aquifers?



TANC Public Supply TANC Public Supply 
Well SelectionWell Selection

►► ConsiderationsConsiderations
Chemical dataChemical data
““ShortShort”” FlowpathsFlowpaths
Access for depthAccess for depth--dependent sampling, dependent sampling, 
drilling monitor wellsdrilling monitor wells



SouthSouth--Central Texas TANC Central Texas TANC 
PSW and Monitoring Wells PSW and Monitoring Wells 
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ZarzamoraZarzamora
MWsMWs

ChallengesChallenges
Complex GeologyComplex Geology -- faults, karst, faults, karst, 
thick overburdenthick overburden

Nearby contaminationNearby contamination
CostCost
PermissionsPermissions
►►Key locationsKey locations
►►Dense urban settingDense urban setting
►►Permit requirementsPermit requirements

Size of drilling operation Size of drilling operation --
vehicles and trailers, waste containment; vehicles and trailers, waste containment; 
pressure cementpressure cement

TimberhillTimberhill
MWsMWs



Surging water – 2 days 
after 10+-inch rain

SouthSouth--Central Texas TANC Central Texas TANC 
Monitoring WellsMonitoring Wells

Producing water in shallow Producing water in shallow 
Edwards monitor wellEdwards monitor well

Blowing well
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Karst, Fracture and Flow Karst, Fracture and Flow 
CharacterizationCharacterization

Optical Televiewer Heat-pulse & EM Flowmeters



Projected image3-D wrapped image
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BoreholeBorehole--Wall Image Fracture Wall Image Fracture 
AnalysisAnalysis



ZarzamoraZarzamora Monitoring WellsMonitoring Wells
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ZarzamoraZarzamora Deep Monitoring WellDeep Monitoring Well
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Public Supply Well Depth Dependent Public Supply Well Depth Dependent 
SamplingSampling

Zarzamora

PSW



Installing test pump
in public supply well

DepthDepth--Dependent SamplingDependent Sampling

••Borehole Geophysical Borehole Geophysical 
Flow Data Used in Zone Flow Data Used in Zone 
Selection Selection 

••Sampled 3 Zones in 3 Flow Sampled 3 Zones in 3 Flow 
Conditions:Conditions:

––Cyclic and MarineCyclic and Marine
––Leached and CollapsedLeached and Collapsed
––Kirschberg Kirschberg 

Discharge line from Discharge line from 
test pump test pump 



Borehole Geophysics and Depth Borehole Geophysics and Depth 
Dependent SamplingDependent Sampling
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Public Supply Well Flowmeter DataPublic Supply Well Flowmeter Data

Well Field OFF

Test pump ON Ambient
650 gpm & 850 gpm

400 gpm Up                 No Flow
850 gpm Up

No Flow                      No Flow

No Flow                       No Flow

Well Field ON

850 gpm Up No Flow
400 gpm Up No Flow

600 gpm Up
200 gpm Up
100 gpm Up

600 gpm Up 200 gpm Up

300 gpm Up 50 gpm Up

<50 gpm Up200 gpm Up

Test Pump
ON

“Apparent
Ambient”

Gaining Zone

Gaining Zone

Losing Zone

Gaining Zone

Losing Zone
Gaining Zone

SAMPLED SAMPLED SAMPLED



Flowmeter Logging ResultsFlowmeter Logging Results
(4 conditions)(4 conditions)

Wellfield OFFWellfield OFF
(no pumping PWS wells)(no pumping PWS wells)

Ambient Ambient (sampled)(sampled)
►► No borehole flowNo borehole flow

Test Pump OnTest Pump On (sampled)(sampled)
►► No flow in lower zoneNo flow in lower zone
►► All flow in upper zone, gained flow in All flow in upper zone, gained flow in 

Cyclic and MarineCyclic and Marine

Wellfield ONWellfield ON
(nearby pumping PWS wells)(nearby pumping PWS wells)

Apparent AmbientApparent Ambient
►► No flow in upper Cyclic and Marine, lose No flow in upper Cyclic and Marine, lose 

flow in Cyclic and Marine (affected by flow in Cyclic and Marine (affected by 
nearby pumping wells)nearby pumping wells)

►► Gain flow in Gain flow in KirschbergKirschberg and Leached and Leached 
and Collapsedand Collapsed

Test Pump OnTest Pump On (sampled)(sampled)
►► Upward flow throughout boreholeUpward flow throughout borehole
►► Gain flow in Gain flow in KirschbergKirschberg and Leached and Leached 

and Collapsedand Collapsed
►► Lose flow in bottom of Cyclic and Marine Lose flow in bottom of Cyclic and Marine 

(affected by nearby pumping wells)(affected by nearby pumping wells)
►► Gain flow at top of Cyclic and MarineGain flow at top of Cyclic and Marine

Insignificant flow below Kirschberg under all conditions



Transmissivity EstimatesTransmissivity Estimates
WellfieldWellfield Off Test pump ONOff Test pump ON

Paillet, F. L. (2000), A field technique for estimating aquifer parameters 
using flow log data: Ground Water, v. 38, no. 4, p. 510-521. 



““Apparent AmbientApparent Ambient”” Flow ConditionsFlow Conditions

Flow Direction

Flow Direction

PWS Well
Z-DEDA conceptualization of flow

between Z-MWs and PWS well

PSW MW



TimberhillTimberhill Monitoring WellsMonitoring Wells

Timberhill

PSW



TimberhillTimberhill Monitoring WellsMonitoring Wells

T-DED

T-IED



Rio Grande TANC Rio Grande TANC -- Yale 2 Yale 2 
Ambient and Pumping FlowmeterAmbient and Pumping Flowmeter



RIOG Yale 2RIOG Yale 2



Flowmeter Analysis Flowmeter Analysis -- RIOG Yale 2RIOG Yale 2

Paillet, F. L. (2000), A field technique for estimating aquifer parameters 
using flow log data: Ground Water, v. 38, no. 4, p. 510-521. 



Superfund Site Superfund Site 
ExampleExample

----
Ambient and Pumped Ambient and Pumped 

Monitor Well FlowMonitor Well Flow

►► Ambient Flow causing Ambient Flow causing 
downward movement downward movement 
in wellin well

►► Well Completion info Well Completion info 
incorrectincorrect

►► Screen openings Screen openings 
determineddetermined

►► Correct well Correct well 
construction and flow construction and flow 
info changes info changes 
monitoring strategymonitoring strategy



Ogallala Ogallala 
Flowmeter Flowmeter 

Measurements Measurements 
at at PantexPantex



Redeveloped Monitor Well Redeveloped Monitor Well 
LocationsLocations



PTX06PTX06--10441044



PTX06PTX06--1044        1044        
PrePre-- and Postand Post--
redevelopmentredevelopment



ConclusionsConclusions

►► Borehole geophysics goes beyond basic Borehole geophysics goes beyond basic 
stratigraphystratigraphy, and provides insight for sampling , and provides insight for sampling 
strategies strategies 

►► Flowmeter logging in public supply wells can Flowmeter logging in public supply wells can 
provide insight to provide insight to wellfieldwellfield dynamics that would be dynamics that would be 
otherwise unknownotherwise unknown

►► Flowmeter logging coupled with imaging can Flowmeter logging coupled with imaging can 
confirm or correct well construction information confirm or correct well construction information 
and quantify zones of sampled inflow and quantify zones of sampled inflow 

►► Flowmeter logging can be used to Flowmeter logging can be used to evaulateevaulate the the 
need and results of redeveloping wellsneed and results of redeveloping wells



USGS Geophysical ResourcesUSGS Geophysical Resources
►► Office of Ground Water Branch of GeophysicsOffice of Ground Water Branch of Geophysics

John Williams, Alton Anderson, (Troy, NY) or Carole Johnson John Williams, Alton Anderson, (Troy, NY) or Carole Johnson 
(Storrs, CT) (Storrs, CT) 

►► Borehole Geophysics in Region VIBorehole Geophysics in Region VI
Arkansas WSC Arkansas WSC –– Brian Clark, Jonathan Brian Clark, Jonathan GillipGillip, , RheannonRheannon ScheidererScheiderer
Texas WSC Texas WSC –– Greg Stanton, Mike Nyman, Jon ThomasGreg Stanton, Mike Nyman, Jon Thomas

►► Surface GeophysicsSurface Geophysics
Texas WSC Texas WSC –– Wade KressWade Kress
Nebraska WSC Nebraska WSC –– Jim Jim CanniaCannia
Geologic Discipline Geologic Discipline –– CrustalCrustal Imaging Imaging –– Vic Vic LabsenLabsen, Bruce Smith, , Bruce Smith, 
Jared AbrahamJared Abraham

►► Other USGS Borehole ResourcesOther USGS Borehole Resources
National Research Program National Research Program –– DenverDenver
►► Roger Morin/Barbara Roger Morin/Barbara CorlandCorland

Central Region Drilling Program Central Region Drilling Program -- DenverDenver



For more information
Contact the USGS 

Texas
Water Science Center

Greg Stanton
gstanton@usgs.gov

Mike Nyman
mbnyman@usgs.gov

Lynne Fahlquist
lfahlqst@usgs.gov


