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| Relative Storage Capacity vs. Depth
o The Hydrogeology of Tennessee « Alluvium generally
| has highest storage

Urastrmed

Thomas E. Ballard, PG, CHG capacity e
Southeast Hydrogeology, PLLC * Related to sand and
Murfreesboro, TN gravel content

 Bedrock storage
capacity in TN is

highly dependent on =
fractures i }
* Fewer fractures with e
depth o
Karst Hydrogeology _ Karst Aquifers
 Two thirds of Tennessee is underlain by ‘ » Openings forming the karst aquifer may
limestone.

be partly or completely water-filled.

* The elevation where all pores are filled
with water in an aquifer is the water

e Karst is an important groundwater source
in those areas.

e Primary porosity is low in limestone.

table.
» Secondary porosity i.e. solution cavities « Water tables in karst areas can be highly
and fractures are an important . ; .
groundwater source irregular in elevation, because water-
. carrying conduits can develop at various
« Karst aquifers best developed near | ying P
surface and in relatively pure limestones. elevations.

Idealized Diagram of Karst
Development

E)_(ample Karst Features

Spring at [Limestone-Shale Interface



Distribution of Limestone
in Tennessee
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Karst Regions of Tennessee

and

Boikman, HM., 1974, Geologic map

of the United States: U_S. Geological
urvey. 3 sheets, scale 1:2.500,000.

Regional Structural Setting
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Tennessee Aquifer Systems

© TENNESSEE
HYDROGEOLOGY
OVERVIEW

PRINCIPAL AQUIFERS IN
TENNESSEE

Rate of water withdrawal by public water
systems in millions of gallons per day, 2000
Source: U.S. Geological Survey

Cretaceous sand

Tertiary sand aquifer Ordovician carbonate Pennsylvanian sandstone

2 aquifer aquifer
L P Gt 103 Maald 74 Mgalid A1 48 Mgald
244 Mgal/d
[ Awovion squiter [ orvovician carbonate aquiter
B rotary emsaier ] Koox sauter L
[ cretaceous sand aquiter [ cambrian —Ordovician  carbonate aquiter i
&= » = i o
[] Mississippian carbonate aquiter A— A" Trace of cross section

Crystalline rock aquifer
4.09 Mgal/d

5 Modified from Bradiey and
Hollyday, 1985

Mississippian Cambrian-Ordovician
Alluvial aquifer carbonate aquifer carbonate aquifer
2.27 Mgal/d 17.1 Mgal/d 41.2 Mgal/d

PRINCIPALTN PUBLIC

WATER SUPPLY SYSTEMS
TENNESSEE WATER THAT WITHDREW
SUPPLY SOURCES GROUNDWATER IN 2000

Source of water supply,in percent, for public
water supply withdrawals in Tennessee, 2000
Source: U. . Geological Survey

Springs 37 million
gallons per day
TOTAL GROUND WATER
36 percent
321 million gallons
per day
SURFACE WATER Wells 284 million
64 percent gallons per day
568 million gallons
per day
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GROUNDWATER
WITHDRAWALS FROM
2Pa!olleIPAL AQUIFERS,

Source: U. . Geological Survey
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TOP 10 COUNTIES FOR
PUBLIC WATER SUPPLY
WITHDRAWALS, 2010

Source: U. . Geological Survey

Population Served ‘Withdrawals (Mgd)

Shelby 924,861
Madison 86,464
Hamilton 333,606
Carter 44,302
Tipton 59,109
Obion 31,636
Gibson 39,774
Dyer 36,890
Jefferson 38,758
Montgomery 169,404
WELL DRILLINGTRENDS
INTENNESSEE

Source: Tennessee Department of Environmental
and Conservation, Division of Water Resources

Year Number of Wells D
(approx)

2007 5000
2010 2400
2015 2150

173.07
13.23
10.7
7.46
6.5
534
525
5.17
4.58
3.58

h ¢

TRENDS IN PUBLIC
WATER SUPPLY
%B'IO'HDRAWALS. 1950-

Source: U. 5. Geological Survey
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Source: U.S. Geological Survey
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Population on Well Water Withdrawals (Mgd)

Rutherford 34,507
Sevier 31,317
Fayette 22,675
Robertson 20.752
Hawkins 17,885
Grainger 15,294
Blount 14,284
Carter 13,122
McMinn 13,104
Jefferson 12,649

" REGIONAL AQUIFER

SYSTEMS

248
225
1.63
1.49
1.29
1.10
1.03
0.94
0.94
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Mississippi Embayment
— Aquifer System

EXPLANATION
Mississippi River Valley allusial aquifer

Mississippi embayment uguifer system

Upper Claibarae aquifer

Middle Claiborng aquifer

Mississippi Embayment Aquifer System

Lawer Claiho:

pper Wileox aguifer

Middle Wil

qsifer
Lower Wilcox aquifer
MeNairy-Nacatach aquifer
Confining uait

Mississippi Embaymont Pravinee buundary

Maditied trom Williamson. A K., Geubb, HF, and fdne el by drmgonlozic section
Waiss. J.5., 1990, Ground-water flow in the Gull Coast
aquitar systems. south-central United States ~A

preliminary analysis: U.S. Geological Survey Water-

Resources Investigations Report 94071, 123 p.

Mississippi Embayment Cross Section . Memphis Aquifers
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EXPLANATION

Thicknes
aquie

Modified from Williamson, A K. Grubb,

. and Weiss, J.5., 1990, Ground-water
flow in the Gulf Coast aquiter systems,
south-ceniral Unied States—A
preliminary analysis: U.S. Geological
Survay Watar- n-wmm Investigations
Report 9-4071, 123

EXPLANATION
Thickness

&= .

[

300

] Awsterabsent

Modified from Hosman, L., and Weiss, J.5.,
eohyd nits of the Mississippi

iplands

ional Paper

US. G
1416-8,19p.
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Upper Claiborne

EXPLANATION
Thickness af upper Claiborne
aquifer, in feet
100
200

200
400

Aquifer abs et

Modified from Hosman. ALL. and Weiss,
J.5.,1991, Geohydrologic units of the

Uplands aquifer systems, south-central
United States: U S. Geological Survey
Professional Paper 1416-8, 19 p.

United States:

Lower Claiborne — Upper Wilcox

EXPLANATION

Thiekness of lower Claiborne-upper
Wilcox aquifer, in feet

200
100

| Aquiterabsent

Moditied rom Wiliamson. AK. Grubb, HF.
JS.

Investigations Report 84071, 123 p.

Lower Wilcox

EXPLANATION

Thickness of lower Wilcox
aguifer, in feet

—
— -

Aquifer absent

Modiied trom Hosman, AL and Weiss, .5..
1, Geohyralogi urite o he

ambayment and Tox

Saulior aystoms. south-central Unliod States:

U.S. Geological Survey Professional Papar

1416-8, 19 p.
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Pre-Pumping Groundwater Flow in
| the Lower Wilcox Aquifer

EXPLANATION = |

Lower Wicox aquiter

i Outcrop of lawer Wilcox aquifer

Top of Lower Wilcox Aquifer

Aquifer absent

Modified from Hosman, RL., and Weiss,
J.5., 1991, Geohydrologic units of the.
Mississippi embayment and Texas Coastal
Uplands aquifer systems, south-central
United States: U.S. Geological Survay
Professional Paper 1416-8, 19 p.

Water Quality

McNairy-Nacatoch Aquifer | McNairy-Nacatoch Aquifer

EXPLANATION EXPLANATION

Thickness of McNairy-Nacatoch
aquifer, in feet

ids concent
per liter—
mat

il
where app:

200

00

Aquifer absent

250
500

750

1.000
kness of

250 Line of cqual
MeNa

aquife, 80 feer | Outcrop of McNainy-Nacatoch aquifer
Aquifer absent

Modified from Hosman, ALL.. and Weiss, J.5.,

1991, Geohydrologic units of the Mississippi

embayment and Texas Coastal Uplands

Modified from Brahana, J.V., and Mesko, T.0.,
aquier systems, south-cantral United States:

1988, Hydrogeology and preliminary
assessmant of regional flow in the Upper
Cretaceous and adjacent aquifers in the
northern Mississippi embayment: U.S.
Geological Survay Water-Resources
Investigations Report 87-4000, 65 p.

U.S. Geological Survey Professional Paper
1416-8.19p

Aquifer Characteristics

¢ Cretaceous to * Aquifers thicken

Quaternary from east to west
unconsolidated where they occur in
sediments. Tennessee. N =
¢ Extremely productive ¢ Greatest yields come Central Basin Aquer SYStem‘|
multiple sand from the Memphis

aquifers separated by Sand (Middle and

local and regional Lower Claiborne) —

confining beds. generally 200 to
1,000 gpm but over
2,000 gpm locally.
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Modified from King. P.B. - Silurian-Devonian aquifers

Baikman. H.M., 1 h
Gealagic map of e Unites G Ordevieian anuiters
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Detailed Stratigraphy

Central Basin Aquifer System
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Generalized Cross Section

Owvorinn
Dovonian Shranand rocks  Misssppian
Cistaoous  Mississippian rocks racks
- ) \ "

N 10 SAL

Modified from : EXPLANATION
Brahana, J.V.. and Bradley, M. W.. 1985,
Delineation and description of the
regional aquifers of Tennessee—The

Knox aquifer in central and west
Tennessea: U.S. Geological Survey
Water-Resources Investigations
Report 83-4012,32p

Brahana, J.V.. and Bradley, M.W.,
1886, Preliminary delineation and
description of the regional aquiters - 4000---
of Tennessee—The Central Basin
aquifer system: U.S. Geological
Survey Water-Resources
Investigations Report 82-4002, 35 p.

ilurian and Upper Ordovician rocks
that contain fres hwater

Middle Ordavician rocks that contain
freshwater

Lower Ordovieian rocks that contain
Freshwater

Approximate line of equal dissolved-
solids concentration, in
milligrams per liter

Detailed Stratigraphy
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Detailed Stratigraphy

T
C-ml i

i

i B Tt s
R A ey

B
Tore Tt s st 11 Toet

T T S

Iy

el Tt ]
[ty
iy e g ST
S ik % W, e e
o it 2 T
Pt [ e el

APPREMATELY 80 NETERS:

Conceptual Groundwater Model
Inner Central Basin
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Central Basin Well Yields

Yields of wells completed in the limestone and
dolomite aquifers in Ordovician rocks in Kentucky and
Tennessee commonly range between 2 and 20 gallons
per minute and might exceed 300 gallens per minute

[Data source: U.S. Gealogical Survey, 1985]

Yield of wells in limestone and dolom
aquifers in Ordovician rocks
(gallans per minute)

M

State exceed
Kenucky w i 300
Tennessee

(Aquifers in 51020 300

middle Ordo-

vician rocks)

(Knox group) Lo 1o 20

ETeRs
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Conceptual Groundwater

Flow Model

Winter water loval

Summer water lavel

R Regolith

Solution openings.

H
£
i
]
§

EXPLANATION

- irection of ground

Modified from Zurawski, Ann, 1978, Summary appraisals of the Nation's
ground-water resources— Tennessee region: U.S. Geological Survey

Professional Paper 813-L, 35p

Conceptual Groundwater Model
Outer Central Basin
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Central Basin Water Quality
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H 82 o U’S. Envitonmental Protection
HI i m Agency. 1658 Scanaany
1 5
= (Section 143.3, P1. 143, National

- sacondary drinking-water
requlations): 5. Gode of Federal
Rogulatians, Tifle 40, pls. 100149,

Water from the limestone and ravisad July 1, 1888, p. 587-580.

dolomite aquifers in Ordovician racks in
Kentucky and Tennessee commonly is
hard and can contain large concentrations
of dissolved solids, chloride, and iron.
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Aquifer Characteristics

,‘(.‘\“\ ¢ Carbonate rocks ¢ Depth of freshwater
N (limestone and some varies greatly.
dolomite) are primary  « Wells are typically 50 —
aquifers. 200 feet deep.
* Intervening confining ¢ Depth to salt water is i i i
units of shale and shaly genF;ra"Y B Highland Rim Aquifer System
limestones where the limestone
¢ Chattanooga Shale and dolomite aquifers
separates Central crop out i.e. the apex
Basin Aquifer System of the Nashville
from overlying Dome.
Mississippian rocks of » Recharge rates affect
the Highland Rim depth to salt water.
Highland Rim Aquifer System | Generalized Cross Section
= o . o e A A
2000 |
;E E De cks
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Conceptual Groundwater Model

Highland Rim Wat lit
Eastern Highland Rim _Ig and Rim Vater Quality

. - - R EXPLANATION
o Kentuehy
o 2B wl o
[} Tewnessee
- 4w B
Disseciod a 3] 23 “ Numberafanalyses
excarpment - H 33 = H
i JR— [
wowT ¢ som fof
8 . " W wa I 8
£
H Data fram
| U.S. Gealogical Survey liles, 1963
U’S. Environmental Protection
J — Agency, 1986, Sacondary
=, maximum contaminant levels

(Section 143.3, P1. 143, National

secandary drinking-waler

roglations): U 5. Godo of Fadaral
Water from the Mississipplan  reciees suny 1, 1846 5. Sosmd.

aquifers in Kentucky and Tennessee is

hard and contains large concentrations

of iron in soma sam ples. Dissolved-

solids concentrations generally are

larger in water from the aquifersin

Kantucky than from thase in Tennassee.

B won

APPIOMIELY 100 NETERS
Toaneg ek wts

Aquifer Characteristics

Most Productive ¢ Mostly karst aquifers
Mississippian Aquifers « Groundwater moves
® Ste. Genevieve through fractures,
Limestone bedding planes, and
® St Louis Limestone solution openings in KneA Aqwfer
® Warsaw Limestone the limestone

® Fort Payne Formation

Hydraulic
characteristics (yield
and specific capacity)
vary greatly over short
distances

Fine-grained clastic rocks
are not generally
productive

Knox Aquifer ~ Cross Section of the Knox Aquifer

S0 7swnes

Pt
© 25 30 75 130 KWOMETERS

EXPLANATION

Dceuwrenca of the Knox
aquiter in the subsurizce

=
EZ1 Outcron of the Knox aquiter
—

Eastern limit of the Knos aquiter

11
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Conceptual Model of Groundwater
Flow in the Knox Aquifer

Eastern

Knox Aquifer Stratigraphy

P
sandstones

nany

1993 00w 1

Oraater : ed 1
minaralization  zone ng About 50 Miles

el 2 o o S|

Water Quality of the

Upper Knox Aquier Aquifer Characteristics

Regional aquifer.

Dolomite typically has

« Distinct from Knox the best yield
Formation units inValley ¢ Limestones yield little
and Ridge. water

* Only exposed in e TDS < 1,000 mg/l at
Sequatchie Valley. center of Nashville

« Recharge through Dome and Sequatchie
fractures that transect Valley anticline
the overlying confining ¢ Deeper zones have high
unit. TDS

* Water yields in upper 50 ¢ Freshwater-saltwater
feet. interface does not

coincide with shallower
aquifers

Cumberland Plateau Aquifer System

Cumberland Plateau Aquifer System

Mogitied from King, PB.. and Baikman, H.M., 1974, Gealagic map of the
United States: U.S. Geological Survey. 3 sheels, scale 1:2,500,000
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Generalized Cross Section
| Northern Cumberland Plateau
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Cross Sections - Mid and Southern
Cumberland Plateau in Tennessee

Wilson, CW. Jr. and Scearns, RG., 1958,
Structure of the Cumberland Plateau,
Tennessee, State of Tennessee, Department of
Environmentand Conservation, Division of
Geology, Report of Investigations No. 8

Cumberland Plateau Stratigraphy

- Groundwater Movement Model
] s st

Fracture

.

Coal nsﬂ\
Spring

Underclay
/

Semiconfining unit
Contined aguifer

-

Aquifers in consolidated rocks are directly recharged by precipitation where they
are exposed at the land surface. Water enters the aquifers primarily through
fractures. Fractures decrease in width and number with depth. In Pennsylvanian
rocks, underclay beneath coal beds creates perched water tables, which result in
springs that issue from valley walls.Water percolates slowly downward through
the underclay to reach the main water table.

13



Conceptual Groundwater Model
Cumberland Plateau

NOT T0 SCALE

-

Fractures

Mississippian
shale and

openings are
in limestone

EXPLANATION

Direction of ground-water movement

Groundwater moves primarily through fractures in clastic rocks and solution
openings in limestone. Fractures in shale confining units allow rapid downward
movement. Shallow near-surface fractures yield the most water to wells.

General Water Quality
Cumberland Plateau

T T e —
Concantrations i miigsams per er

Mssissippion

s
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—
Swil i
e I

freat) H
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K+ Na 38 purcant
Lo g 107 parcent

Grassy Cove, Tennessee
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Cross Section and Recharge
Cumberland Plateau
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Aquifer Characteristics

Geology consists of
easterly dipping
Pennsylvanian and
Mississippian rocks.
Pennsylvanian rocks are
primarily sandstone,
conglomerate and shale
with some coal beds.
Mississippian rocks are
primarily shale and
limestones.

e A complete, ideal cycle

of Pennsylvania rocks
consists of, from bottom
to top: underclay, coal,
gray shale or black platy
shale, freshwater
limestone, and sandstone
or silty shale.

Water from limestones
tends to be alkaline and
from coal/black shale
more acidic.

Grassy Cove, Tennessee

14



Grassy Cove, Tennessee

Head of Sequatchie Spring

Valley and Ridge Aquifer System

[ ] valley and Ridge carbonate rock aquifers

12/11/2017

Grassy Cove, Tennessee

Valley and Ridge Aquifer System

Valley and Ridge Province
Generalized Cross Section

EXPLANATION
—— Foult

15



12/11/2017

Valley and Ridge Province

Conceptual Cross Section Principal Aquifers in Valley and Ridge

Crrem—
= gt

~ e Principal aquifers are
| carbonate rocks of
Cambrian and
Ordovician Age

EXPLANATION

[

Lithology

1 s

AydeaBinenss a3pry pue A3||eA

AydeaBineuss a3pry pue A3||eA

Conceptual Groundwater Model

Valley and Ridge Province
Valley and Ridge

Conceptual Groundwater Model

Groundwater moves
downward through
interstitial pore spaces in
residuum and alluvium
into the consolidated
rocks, where it moves
along fractures, bedding
planes and solution
openings.The general
direction of flow is from
ridges to toward springs
and streams in the
valleys.
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Conceptual Groundwater Model
Western Toe

4

e b 17 et

50,1.8 pareaen G 1.1 pewcant

&

K+ Na 28 percent

m
e
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Data from DeBuchananne, G0, and Richardson, RM., 1956, Ground-waler
resources of east Tennesses: Tennassae Division of Gaalogy Bulletin 58, 303 p.

Aquifer Characteristics

¢ Geology is defined by o Karst systems

series of imbricate generally have the best

faulting related to deep yields.

dettachment fault e Fractures in clastic

system. rocks can yield water . .
¢ Groundwater is locally. 4 Blue Rldge ACIU|fer5

primary stored in * Some production from

fractures, bedding alluvium and residuum.

planes and solution « Groundwater type is

openings. typically calcium-
¢ Nature of the geology magnesium-

dictates no regional bicarbonate.

flow systems.

Generalized Geologic Cross Section
of East Tennessee

Blue Ridge Aquifer System

VS, ‘l
) Nughville

TE N N’ E'S78 \EE

P—
5 s e [ —p— | i o e
Ciitumoops L7 | §E % oueres

Rocks that compose the Blue Ridge aquifers

[ ] ordovician rocks [ cambrian rocks [ precambrian rocks

ana R E. Mk, 1877
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Water Quality — Blue Ridge

€135 percent
50,4.1 parcent,
Cambrian and Precambrian sandstones in Tenmessee
Concentrations in milligrams per liter
c ot Range
n (Cac03) 6810172
Calcium (€a) L1049
Magnesium (Mg 031015
Sodium (Na) and 2505w
potssiam (K)
Bicarbonate (HCO3) 13 ta 155
Sulfate (504 L1096
Chlaride (Cl) 151026
Dissalved solids 18 1 297
K+ Na 9.6 percant
Values in percent of median major ion
concantration, in milliequivalents par liter
Data from DeB G.D. and AM., 1956, Ground-water
1 east Division of Geology Bulletin 58, 393 p.

Basal Sandstone Aquifer

12/11/2017

Blue Ridge Province
Conceptual Groundwater Model

Regolith

Open fractures

‘Water table
Alluvium

NOT TO SCALE

Aquifer Characteristics
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Basal Sandstone Stratigraphy

Basal Sandstone Distribution
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Aquifer Characteristics
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Questions?
Thomas E. Ballard, PG., CH.G.

Southeast Hydrogeology, PLLC

1715-K South Rutherford Blvd, #400

Murfreesboro, TN 37130
931-394-3233

thallard@sehydrogeology.com
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