
Geologic Framework and Geologic Framework and 

Groundwater Resources of the Groundwater Resources of the 

Aquifers of Southern DelawareAquifers of Southern DelawareAquifers of Southern Delaware Aquifers of Southern Delaware 

A Presentation to the USGS MidA Presentation to the USGS Mid--Atlantic Atlantic 

WaterWater--Use Workshop, April 19Use Workshop, April 19--20, 201020, 2010

Pete McLaughlinPete McLaughlin
Delaware Geological Survey, University of Delaware, Newark, DE 19716Delaware Geological Survey, University of Delaware, Newark, DE 19716



OutlineOutline

1.1.Objectives and BackgroundObjectives and Background
22 StatusStatus2.2.StatusStatus
3.3.Unconfined aquifer workUnconfined aquifer work
44 Confined aquifer workConfined aquifer work4.4.Confined aquifer workConfined aquifer work
5.5.Hydrology and water useHydrology and water use



IssuesIssues
recurring themesrecurring themesrecurring themesrecurring themes

11 DatasetsDatasets (locations; different(locations; different1.1. Datasets Datasets (locations; different (locations; different 
sources; incomplete data sets; sources; incomplete data sets; 
missing data)missing data)missing data)missing data)

2.2. Geology/Hydrology Geology/Hydrology (variable (variable 
data quality; complexity vsdata quality; complexity vsdata quality; complexity vs data quality; complexity vs 
classification; boundaries, classification; boundaries, 
geologic and human)geologic and human)geologic and human)geologic and human)
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G lG lGoalsGoals
11 T bli hT bli h dd1.1. To establish an upTo establish an up--toto--date date 

summary of the groundsummary of the ground--water water 
resources of Sussex County, resources of Sussex County, 
D lD lDelawareDelaware

2.2. To add on to previousTo add on to previous2.2. To add on to previous To add on to previous 
confined aquifer mapping in confined aquifer mapping in 
Kent County, Delaware to Kent County, Delaware to 
make a complete summary ofmake a complete summary ofmake a complete summary of make a complete summary of 
the groundthe ground--water resources water resources 
for the countyfor the county



Project ObjectivesProject Objectivesj jj j
1. Assemble an up1. Assemble an up--toto--date summary of the date summary of the 

groundwater resources of groundwater resources of Sussex CountySussex County, Delaware:, Delaware:
C fi d if lC fi d if l•• Confined aquifer geologyConfined aquifer geology

•• Aquifer hydrology (yield, head)Aquifer hydrology (yield, head)
•• Groundwater UseGroundwater Use

2 Do a complementary study for2 Do a complementary study for Kent CountyKent County::2. Do a complementary study for 2. Do a complementary study for Kent CountyKent County::
•• Unconfined aquifer geologyUnconfined aquifer geology
•• Aquifer hydrology (yield, head)Aquifer hydrology (yield, head)
•• Groundwater UseGroundwater Use•• Groundwater UseGroundwater Use
using the same methodologies as for Sussex.using the same methodologies as for Sussex.

3. Approach: 3. Approach: 
use selected existing highuse selected existing high quality data and acquire new dataquality data and acquire new data•• use selected, existing, highuse selected, existing, high--quality data and acquire new data quality data and acquire new data 
in key areas; in key areas; 

•• establish carefully documented methodologies for establish carefully documented methodologies for 
estimation/interpretation where highestimation/interpretation where high--quality data are lacking; quality data are lacking; 

•• identify issues/areas for further study.identify issues/areas for further study.



Starting PremiseStarting PremiseStarting PremiseStarting Premise
Accurate Understanding of AquiferAccurate Understanding of AquiferAccurate Understanding of Aquifer Accurate Understanding of Aquifer 

GeologyGeology

is essential tois essential tois essential tois essential to

Accurate Understanding of Accurate Understanding of 
G d t A il bilitG d t A il bilitGroundwater AvailabilityGroundwater Availability

l l h hl l h hGeology controls where the Geology controls where the 
groundwater is, where it goes, and groundwater is, where it goes, and 

how much we gethow much we gethow much we gethow much we get



Why DoWhy DoWhy DoWhy Do
This Study?This Study?This Study?This Study?



Why do this study?Why do this study?Why do this study?Why do this study?

Last comprehensive reports on southern Delaware groundLast comprehensive reports on southern Delaware ground--
water availability and aquifers are 40 years old water availability and aquifers are 40 years old 

Last comprehensive reports on southern Delaware groundLast comprehensive reports on southern Delaware ground--
water availability and aquifers are 40 years old water availability and aquifers are 40 years old y q f yy q f y

(Sundstrom and Pickett, 1968, 1969 & 1970)(Sundstrom and Pickett, 1968, 1969 & 1970)
y q f yy q f y

(Sundstrom and Pickett, 1968, 1969 & 1970)(Sundstrom and Pickett, 1968, 1969 & 1970)



Why do this study?Why do this study?
Kent/Sussex Groundwater UseKent/Sussex Groundwater Use

Why do this study?Why do this study?

million gallons per daymillion gallons per day
Kent + Sussex groundwater use in 2005 per USGS (http://water.usgs.gov/watuse/data/2005/ )Kent + Sussex groundwater use in 2005 per USGS (http://water.usgs.gov/watuse/data/2005/ )

g p yg p y



Kent + Sussex Groundwater UseKent + Sussex Groundwater Use
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Kent + Sussex PopulationKent + Sussex Populationpp
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Groundwater UsageGroundwater Usagegg
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Kent + Sussex Groundwater UseKent + Sussex Groundwater UseKent + Sussex Groundwater UseKent + Sussex Groundwater Use
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Status SummaryStatus Summary
Geology work is near completionGeology work is near completionGeology work is near completionGeology work is near completion

Hydrology work will be focus in 2QHydrology work will be focus in 2Q--3Q 2010 3Q 2010 
•• Analysis of water use data, estimation for data gapsAnalysis of water use data, estimation for data gapsy g py g p

•• Analysis of aquifer characteristics, well test dataAnalysis of aquifer characteristics, well test data

Project has taken more time than plannedProject has taken more time than planned
T h i l diffi lt f t kT h i l diffi lt f t k•• Technical difficulty of some tasksTechnical difficulty of some tasks

•• Review/revision cycles (locations, consistency)Review/revision cycles (locations, consistency)

•• Unanticipated delays in acquisition of water use dataUnanticipated delays in acquisition of water use data

Goal: Complete analyses in 3Q 2010Goal: Complete analyses in 3Q 2010
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Columbia Fm Q/P

SouthernSouthern
DelawareDelaware

Beaverdam FmQ/P

DelawareDelaware
AquifersAquifers

Unconfined Unconfined 
==

ColumbiaColumbia
aquiferaquifer



UnconfinedUnconfinedUnconfined Unconfined 
Aquifer, Eastern Aquifer, Eastern 
S sse Co ntS sse Co ntSussex CountySussex County

Andres and Klingbeil, 2006Andres and Klingbeil, 2006

•• Thickness mapThickness map

•• Elevation of baseElevation of base

g ,g ,

•• Elevation of baseElevation of base

•• Transmissivity mapTransmissivity map

•• > 2600 data points> 2600 data pointspp

•• Used drillers’ and Used drillers’ and 
geophysical logsgeophysical logs



Unconfined Aquifer, Sussex CountyUnconfined Aquifer, Sussex County
Klingbeil and Andres, 2006Klingbeil and Andres, 2006

•• Thickness mapThickness map

Elevation of baseElevation of base•• Elevation of baseElevation of base

•• Transmissivity Transmissivity 
map map pp

•• > 4200 data points> 4200 data points

•• Used drillers’ and Used drillers’ and 
h l lh l lgeophysical logsgeophysical logs



Unconfined Aquifer, Unconfined Aquifer, TYPEqq
Kent CountyKent County

~2000 data points where ~2000 data points where pp
entire thickness of entire thickness of 
unconfined aquifer reachedunconfined aquifer reached

•• Most only have drillers’ Most only have drillers’ 
logs (3)logs (3)

•• A lesser number haveA lesser number haveA lesser number have A lesser number have 
drillers’ and geophysical drillers’ and geophysical 
logs (2)logs (2)

•• Some have only Some have only 
geophysical logs (1)geophysical logs (1)

•• Well locations a MAJORWell locations a MAJOR•• Well locations a MAJOR Well locations a MAJOR 
issueissue



Unconfined Aquifer MappingUnconfined Aquifer MappingUnconfined Aquifer MappingUnconfined Aquifer Mapping
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Unconfined Aquifer Map Revision  Unconfined Aquifer Map Revision  
•• Generally good: Geologist logsGenerally good: Geologist logs
•• Wildly variable: Drillers’ logsWildly variable: Drillers’ logs

hh•• Best hope: consistencyBest hope: consistency
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Unconfined Unconfined 
Preliminary Map

Aquifer, Kent Aquifer, Kent 
CountyCountyyy

Data QC and review Data QC and review 
processes are criticalprocesses are critical

Preliminary grid required Preliminary grid required 
significant revisionsignificant revision

pp

1.1. Inconsistent unconfined Inconsistent unconfined 
aquifer depths in placesaquifer depths in places

22 K t id did t fit ithK t id did t fit ith2.2. Kent grid did not fit with Kent grid did not fit with 
Sussex grid in some areas Sussex grid in some areas 
of county lineof county line

33 33 di i l t i tdi i l t i t3.3. 33--dimensional constraintsdimensional constraints



Unconfined AquiferUnconfined Aquifer
Elevation Grids: SeamsElevation Grids: Seams

County Boundary Before and AfterCounty Boundary Before and AfterCounty Boundary Before and AfterCounty Boundary Before and After

Previous Revised



Unconfined Aquifer: Geologic TrendsUnconfined Aquifer: Geologic Trends

•Common scattered beds 
of clayey silt

•Silt to fine sand over 
medium to coarse sand inmedium to coarse sand in 
upper 5-25’

•Rare discontinuous 
clayey silt bedsy y

•Heterogeneous coarse to 
fine sand, gravelly sand, 
and pebble gravel



Unconfined Unconfined 
AquiferAquiferAquiferAquifer

Elevation Elevation 
ididGrid: Grid: 

RevisedRevisedRevisedRevised



ffUnconfined Unconfined 
AquiferAquiferAquiferAquifer

Thickness Thickness 
Grid:Grid:Grid: Grid: 

RevisedRevised
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SouthernSouthernSouthernSouthern
DelawareDelaware
AquifersAquifersAquifersAquifers

southern & easternsouthern & eastern

Sussex CountySussex County

confined aquifersconfined aquifers

==

Upper Upper pppp

MioceneMiocene

complexcomplexcomplexcomplex



Southern DelawareSouthern DelawareSouthern DelawareSouthern Delaware
AquifersAquifers

confined aquifers of confined aquifers of 
Kent and northernKent and northernKent and northern Kent and northern 
and western Sussexand western Sussex

==

ChoptankChoptank--

CalvertCalvert

complexcomplexcomplexcomplex



SouthernSouthernSouthernSouthern
DelawareDelaware
AquifersAquifersAquifersAquifers

northern to central northern to central 
Kent confined Kent confined 

aquifersaquifers

==
Piney PointPiney PointPiney PointPiney Point

RancocasRancocas

Mount LaurelMount LaurelMount LaurelMount Laurel



Kent County AquifersKent County AquifersClayton y q fy q f
Dover • A broad, extensive unconfined aquifer near 

surface in most of Delaware’s Coastal Plain

D if di l h
Milford

• Deeper aquifers dip gently to southeast

• Older aquifers (on bottom) are near the 
surface to the NW, very deep in the SE

+50+50

--100100

MilfordDoverClayton

--200200

--300300

--400400

--500500

--600600

--800800

--700700 Columbia Aquifer
Frederica Aquifer Piney Point Aquifer

--900900 Cheswold Aquifer Rancocas Formation



Sussex County AquifersSussex County AquifersMilford

Stockley

• Younger aquifers (on top) occur 
progressively further southeast, also 
deepen to SE

Selbyville

Stockley deepen to SE

• Confined aquifer usage and recharge areas 
change in a north-south direction because 
of tilt

+50+50

--100100

Milford Stockley Selbyville

o t t

100100

--200200

--300300

--400400

--500500

--600600

--800800

--700700
Columbia Aquifer
Pocomoke Aquifer
M ki A if

Frederica Aquifer
Cheswold Aquifer
Pi P i F--900900

Manokin Aquifer Piney Point Fm.



Confined AquifersConfined AquifersConfined AquifersConfined Aquifers

Those basics are Those basics are 
clearclearclear…clear…

… but the devil is … but the devil is 
in the detailsin the details



Kent County Aquifer ProjectKent County Aquifer Project

•• Compiled available Compiled available 

McLaughlin and Velez, 2005McLaughlin and Velez, 2005

pp
well datawell data
–– wireline logswireline logs
–– geologists logsgeologists logsgeologists logsgeologists logs
–– drillers logsdrillers logs

•• Correlation on eight Correlation on eight 
cross sectionscross sectionscross sectionscross sections
–– 2 north2 north--south linessouth lines
–– 6 east6 east--west lineswest lines

•• Utilized sequenceUtilized sequence•• Utilized sequence Utilized sequence 
stratigraphy for stratigraphy for 
correlation and correlation and 
aquiferaquiferaquifer aquifer 
characterizationcharacterization after Pickett  (1987)



Kent County Cross SectionsKent County Cross Sections

•• Vertical slices through subsurface layers reveal Vertical slices through subsurface layers reveal 
aquifer trendsaquifer trends
–– Detailed correlations in along multiple transectsDetailed correlations in along multiple transects

–– Addresses potential miscorrelations (i.e. FredericaAddresses potential miscorrelations (i.e. Frederica--Milford)Milford)

after Pickett  (1987)



Sussex County Cross SectionsSussex County Cross SectionsSussex County Cross SectionsSussex County Cross Sections

S b iS b i

•• Same approach as Kent County, tied togetherSame approach as Kent County, tied together

•• Serve as basis Serve as basis 
for for 
interpretationinterpretation

Me15-29

interpretation interpretation 
of holes in of holes in 
between between 
sectionssectionssectionssections

•• All borehole All borehole 
picks data arepicks data areP 53 14 picks data are picks data are 
entered in entered in 
database for database for 

ii

Pg53-14

mappingmapping



Cross Section – Eastern Sussex
N SN S

50
0’

KEY

Top of St. Marys

Top of Choptank

MilfordMilford

Frederica



Aquifer CharacterizationAquifer Characterization
d h h l h ld h h l h lSedimentary environments have unique physical & chemical Sedimentary environments have unique physical & chemical 

processes that give diagnostic characteristics to their sediments…processes that give diagnostic characteristics to their sediments…

Photo: http://www.shorebirdworld.org

…and these affect the shape and qualities of aquifer sand bodies…and these affect the shape and qualities of aquifer sand bodies



Aquifer CharacterizationAquifer Characterizationqq
Sequence stratigraphy: genetic packaging of sediments…Sequence stratigraphy: genetic packaging of sediments…

…helps understand and predict aquifer characteristics…helps understand and predict aquifer characteristics



Frederica aquiferFrederica aquifer
•• Nearshore, shallowingNearshore, shallowing--

upward, quartz sand, may upward, quartz sand, may 
b h llb h llbe shellybe shelly

•• Commonly exhibits a Commonly exhibits a 
finingfining--upward pattern and, upward pattern and, gg p p ,p p ,
in places, a thin coarseningin places, a thin coarsening--
upward interval at the baseupward interval at the base

SB t t f ifSB t t f if•• SB at or near top of aquifer, SB at or near top of aquifer, 
marked by gamma spikemarked by gamma spike

•• HST, in some instancesHST, in some instancesHST, in some instances HST, in some instances 
with reworked TST sand at with reworked TST sand at 
toptop

C l t bl t dC l t bl t d•• Correlatable trendCorrelatable trend



Chesapeake Group Aquifer System?Chesapeake Group Aquifer System?

A hydrologic note…A hydrologic note…

The four MioceneThe four Miocene
Leaky

•• The four Miocene The four Miocene 
aquifers may in places aquifers may in places 
be in hydrologic be in hydrologic 

Confining
Layers?

communication with communication with 
stratigraphically stratigraphically 
adjacent brethren adjacent brethren 

Milford

F d iadjace t b et eadjace t b et e
through leaky, thin through leaky, thin 
confining layersconfining layers

Frederica

Federalsburg

are they actually a are they actually a 
single aquifer system?single aquifer system?

Cheswold

‘confining layer’
< 5 ft thick

single aquifer system?single aquifer system?



Stratigraphic Stratigraphic g pg p
Database: Database: 
Confined Confined 
AquifersAquifers

11 depths ofdepths of1.1. depths of depths of 
confined confined 
aquifers for aquifers for 
wells on crosswells on crosswells on crosswells on cross--
sectionssections

2.2. depths of depths of 
confined confined 
aquifers in aquifers in 
wells not onwells not onwells not on wells not on 
crosscross--sectionssections



Kent County: Frederica aquiferKent County: Frederica aquifer



Sussex County Aquifer MapsSussex County Aquifer Mapsy q py q p
in progressin progress

•• Preliminary depth mapsPreliminary depth mapsPreliminary depth maps Preliminary depth maps 
for several intervalsfor several intervals

•• Additional aquifer Additional aquifer 
depth picks done nowdepth picks done now

Preliminary Milford aquifer map – elevation of top surface

depth picks done, now depth picks done, now 
being enteredbeing entered

•• Confined aquifer depth Confined aquifer depth 
d hi kd hi kand thickness maps and thickness maps 

generated by gridding generated by gridding 
values from database values from database 

f (kf (kusing Surfer (kriging, using Surfer (kriging, 
100 m grid spacing)100 m grid spacing)

•• Final maps will be Final maps will be pp
produced using ArcGISproduced using ArcGIS
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Hydrology and Water UseHydrology and Water Use

Focal points:Focal points:
11 Hydrologic characteristicsHydrologic characteristics1.1. Hydrologic characteristicsHydrologic characteristics

of each aquiferof each aquifer

22 R tR t tt2.2. Recent Recent water usewater use
compilation by aquifercompilation by aquifer



ApproachApproachApproachApproach

•• Use selected, highUse selected, high--quality dataquality datagg

•• Establish carefully documented or Establish carefully documented or 
accepted methodologies foraccepted methodologies foraccepted methodologies for accepted methodologies for 
estimation/interpretation where estimation/interpretation where 
highhigh--quality data are lackingquality data are lackinghighhigh quality data are lackingquality data are lacking

•• Identify issues where a lack of Identify issues where a lack of 
adequate data indicates a need foradequate data indicates a need foradequate data indicates a need for adequate data indicates a need for 
further study* further study* 
(*the project is not intended to resol e organi ational/q alit(*the project is not intended to resol e organi ational/q alit(*the project is not intended to resolve organizational/quality (*the project is not intended to resolve organizational/quality 
control issues of all potentially available data)control issues of all potentially available data)



EmphasisEmphasis
C t A if A i tC t A if A i tCorrect Aquifer AssignmentCorrect Aquifer Assignment

Well A Well B
d i

Well C

Reported in X

Hydrology and WaterHydrology and Water

•• Grids compared with database of screen depthsGrids compared with database of screen depths

Hydrology and Water Hydrology and Water 
Use Meet GeologyUse Meet Geology

•• Water useWater use and and hydrological characteristicshydrological characteristics assigned to assigned to 
aquifer where screened instead of reported aquiferaquifer where screened instead of reported aquifer



Aquifer HydrologyAquifer Hydrology

l h h d ll h h d lGoal: Document the hydrologic Goal: Document the hydrologic 
characteristics and groundcharacteristics and ground--water water 
conditions the confined aquifers of Kentconditions the confined aquifers of Kentconditions the confined aquifers of Kent conditions the confined aquifers of Kent 
and Sussex Countyand Sussex County

•• Water levels, including maps of aquifer heads Water levels, including maps of aquifer heads 
for Sussex and Kent Counties where sufficient for Sussex and Kent Counties where sufficient 
data of adequate quality are availabledata of adequate quality are availabledata of adequate quality are availabledata of adequate quality are available

•• Yields (hydraulic conductivity, transmissivity, Yields (hydraulic conductivity, transmissivity, 
well tests)well tests)



Aquifer HydrologyAquifer Hydrology

•• Hydrogeology database compilation (Access)Hydrogeology database compilation (Access)
aquifer test data from DGS databaseaquifer test data from DGS database

New pumpNew pump--test and watertest and water--levels data from major levels data from major 
providers recently acquired, to be enteredproviders recently acquired, to be entered



Water UseWater UseWater UseWater Use
Goal: Compile and analyze water use Goal: Compile and analyze water use 
d t f S d K t C tid t f S d K t C ti

•• Include DGS, DNREC, USGS, other Include DGS, DNREC, USGS, other 
( A ) d d d( A ) d d d

data for Sussex and Kent Countiesdata for Sussex and Kent Counties

agency (e.g. Ag), and provider data agency (e.g. Ag), and provider data 
sourcessources

•• Focus on high quality dataFocus on high quality dataFocus on high quality dataFocus on high quality data
•• Document methodologies for Document methodologies for 

estimating poorly documented usageestimating poorly documented usage
d b fd b f•• Assess usage trends by aquifer, Assess usage trends by aquifer, 

geographical area, and types of water geographical area, and types of water 
useuse



Groundwater Use CompilationGroundwater Use Compilation
Considerations in assessing recent groundwater usage

Agricultural Domestic
Industrial/

Commercial

Private
(Total population –

municipal population)

Estimated with per 

Municipal
1) Metered totals

and/or

2) Allocated capacity

1) Metered totals

or

2) Allocated capacity

1) Allocated capacity

and

2) Estimated water use 
for irrigated acres p

capita coefficient2) Allocated capacityfor irrigated acres

and

3) Average water 
use/type of livestock

Key will be assigning 
individual wells to 
specific aquifers



Water UseWater Use
Previously: incomplete datasets available…Previously: incomplete datasets available…



Water UseWater Use
NowNow: updated/QCed public supply datasets (DNREC, : updated/QCed public supply datasets (DNREC, 
Artesian) obtained, to be massaged/imported into Artesian) obtained, to be massaged/imported into 
one database for analysisone database for analysisone database for analysisone database for analysis



Water UseWater Use
Areas for significant estimation:Areas for significant estimation:

Irrigation

Individual domestic well use

Livestock

Methods will be utilized and documented to ensure 
reproducibility of results (GIS land use/land cover, p y f ( ,
censuses, USGS-methods)
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